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The Mekong Delta of Vietnam is one of the most productive agricultural areas 
in the world. The Mekong River fans out over an area of about 40,000 km2, and 
over the course of many millennia has produced a region of fertile alluvial soils and 
constant flows of energy. Today, about a fourth of the Delta is under rice cultivation, 
making this area one of the premier rice granaries in the world. The Delta has 
always proven a difficult environment to manipulate, however, and because of 
population pressures, increasing acidification of soils, and changes in the Mekong’s 
flow, environmental problems have intensified. The confluence of agriculture and 
economy in the region with larger flows of commodities and capital over time has 
also had an impact on the region: For example, its reemergence in recent decades 
as a major rice-exporting area has linked it inextricably to global markets and their 
vicissitudes. And most recently, the potential for sea level increases because of 
global warming has added a new threat, one that makes the Delta a place where 
local, regional, and global environmental changes are dramatically converging.

Because most of the region is on average only a few meters above sea level and 
because any increase of sea level will change the complex relationship between 
tides and down-river water flow, the Mekong Delta is one of the areas in the world 
which is most vulnerable to the effects of climate change. A meter increase in sea 
level could displace millions of people and wreak havoc on the productive capacity 
of agricultural lands in the Delta – and would at the same time, according to a 
recent Oxfam report, severely set back Vietnam’s overall development goals. 
Moreover, larger environmental justice issues are at stake as well: The Mekong 
Delta will likely bear a severe burden from climate change despite the fact that as 

M.A. Stewart (*) 
Department of History, Western Washington University, 516 High St., BH 320, Bellingham, 
WA 98225-9061, USA 
e-mail: Mart.Stewart@wwu.edu

P.A. Coclanis 
Department of History, University of North Carolina, Hamilton Hall, CB# 3195, Chapel Hill,  
NC 27599-3195, USA 
e-mail: coclanis@unc.edu

Chapter 1
Introduction

Mart A. Stewart and Peter A. Coclanis 



2 M.A. Stewart and P.A. Coclanis

recently as 2000 Vietnam as a whole produced only 0.35% of the world’s 
 greenhouse gasses, one of the lowest contributions in the world.

Climate change presents a particular, and a particularly recent, challenge to 
agriculture and livelihoods in the Delta. Other challenges continue to shape the 
Delta environment and in turn the capacity for agricultural sustainability in the 
region. Though Delta residents have always known how to live with floods, changes 
in flooding patterns pose a particular challenge, especially when they transform 
patterns of water flow that are essential for rice agriculture. The modernization of 
Delta agriculture has increased productivity but has created a growing problem with 
pesticide pollution. The pests that thrive in monoculture continue to plague – in 
spite of massive and increasingly sophisticated control programs – rice agriculture 
in the region. Long-term problems with soil fertility, saline intrusions, and soil 
acidification shape and modify and sometimes challenge substantially different 
strategies for wresting a living out of the Delta soils. In some locales adjacent to 
major branches of the Mekong, changes in water dynamics and in shorelines 
because of massive excavations of sand for sale to developers in places such as 
Singapore have also caused problems. Moreover, wetlands and forests that are 
important buffers to agricultural lands have shrunk as rice cultivation has expanded, 
and biodiversity in general has suffered the same fate in the Delta as it has every-
where that monocultures have expanded. Perhaps the biggest challenge to Delta 
agriculture comes from far upstream, and is as much a political and technological 
change as an environmental one: Dams constructed or soon to be constructed on the 
upper reaches of the Mekong, mostly by the Chinese, have already begun to make 
it a different river altogether – one with less water, reduced fisheries, and fewer 
seasonal rhythms and enriching sediments from upstream. The new highly man-
aged Mekong will impoverish environments on the lower Mekong, and make the 
Delta and Delta farmers more vulnerable to water shortages and droughts as well.

Environmental challenges and changes are amplified by social, economic, and 
political ones. Livelihoods in the Delta are currently shaped as much by the 
wrenching changes of modernization and urbanization as by increasingly erratic 
flows of water and nutrients from upstream and changing tidal flows from down. 
Many Delta households have a member or more who contribute nonfarm income 
to the household by working in the new urban industrial zones of Ho Chi Minh 
City or Can Tho. The flow of resources, commodities, capital, and labor between 
the Delta and the burgeoning metropolis of Ho Chi Minh City has grown to such 
intensity and has acquired such complexity that as one of the chapters in this vol-
ume argues, it no longer makes sense to think about parts of the Delta as “rural” 
at all, but as peri-urban. If links to global commodity markets drive even the small-
est rice farmers to produce one crop and not another, the powerful market middle-
men who represent their personal contacts with these markets compel them to 
produce certain varieties of rice and do it in certain ways. Rapidly changing insti-
tutional arrangements have also had an impact on Delta agriculture and those who 
practice it: the decline of social welfare networks in the last 20 years, the changing 
relationship between private and public sectors and the consequent modulation of 
government authority, the development of agricultural research programs and 
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 outreach  programs for farmers, and the growing influence of donor economies and 
of nongovernmental organizations in agricultural research and reform programs 
have all shaped Delta agriculture – and efforts to develop new strategies of adapta-
tion to environmental change.

This collection represents altogether a mosaic of investigations into environmen-
tal change and agriculture in the Mekong Delta. While many of the authors attempt 
interpretive contributions, mainly in the interest of informing or connecting to 
emerging agricultural policy discussions, most of them report research about dis-
crete topics that nonetheless are deeply related to the larger problem of mitigation 
of and adaptation to environmental change. Much of the interpretive writing about 
the Delta and about agriculture in dynamic environments in the developing world 
in general attempts to develop new insights into ideas about development trajecto-
ries, the roles of different actors within national or regional contexts, the history and 
larger context of human and environmental relationships in the site of study, and are 
more focused on engaging with other scholars and scientists to develop analytical 
and interpretive frameworks than in solving real-world problems. They are, in a 
word, academic. To be sure, most of the chapters in this collection depend on ana-
lytical models that come out of traditional academic disciplines, but they focus on 
strategies for understanding environmental change in the Delta that might yield real 
policy and/or real solutions to the challenges that millions in the Delta currently 
face. Rather than swooping down over the Mekong Delta terrain in an interpretive 
flyover, they wade around in it, and do so in a way that attempts to tell us what to 
do about problems at the same time that they describe them. Several of the chapters 
in this volume do provide us with valuable discussions of the larger historical 
context of environmental change in the Mekong Delta, or link current changes 
comparatively with similar developments elsewhere in an effort to illuminate 
those changes, or talk about cultural values or the political culture of NGOs and 
other important actors. But most of the chapters focus on discrete research ques-
tions that are relevant to understanding environmental and related changes in the 
Delta and what might be done about them. Many of the scholars also live and 
work in the area as well, and understand just what the stakes are for residents of 
the place – that their work is rooted in the Mekong Delta in more ways than one 
makes their research contributions especially valuable. Much of the work on 
environmental and related problems in the developing world also seeks to make 
an ideological argument beyond the problem itself, to persuade as well as explain. 
The value of problem-based research is that it focuses on the problem; the value 
of a collection of problem-based research papers is that collectively something 
can be made of them that addresses the problem, and not simply the discursive 
world of those who are thinking about it. There is a profound need, given the 
seriousness of the problems at hand in the Delta and the noisy distractions that 
prevent us from seeing them clearly, for such “shovel-ready” scholarship, written 
by people with boots on the ground.
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Abstract The Mekong delta is experiencing rapid growth in foreign investment 
and trade, urban development, industry, agriculture, and fisheries. With these come 
externalities of river-flow interruptions, habitat destruction, and pollution interact-
ing with climate change to weaken environmental services. Results can present 
unprecedented livelihood challenges to communities in one of the most environ-
mentally vulnerable areas of Vietnam. Overcoming the increasing stress and its 
consequences requires new skills, a forward-looking governance framework, and 
engagement of millions of delta households. Questions therefore arise about how 
to address the magnitude and geographic scale of such challenges by developing 
appropriate institutional and human resources how and to ascertain society’s proper 
role in this process. Civil-society studies have mostly examined the political and 
societal context of nongovernmental organizations (NGOs) in Vietnam, but NGO 
initiatives in environmental restoration are at an early stage and less frequently 
studied. Defining the urgent environmental pressures on the Mekong delta, espe-
cially in aquatic systems, this chapter outlines the need for an expanded vision in 
identifying solutions and widening society’s contributions. This chapter also details 
the institutional constraints to society and NGO action. The chapter argues that 
more visible global engagement in restoration and management is needed given 
Vietnam’s position as an emerging, natural resource-dependent society and its 
increasingly  international-linked delta economy.

Keywords Civil Society • Environment • Mekong • NGO • Vietnam

B. Fabres (*) 
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Chapter 2
Think Global, Act Global in the Mekong  
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8 B. Fabres

2.1  Introduction

The impressive record by Vietnam in reducing poverty and unemployment, improving 
health, attracting investment, expanding exports in the production of food as well 
as manufactured goods and services has been termed a model of development and 
a success story (Thoburn 2009). After more than a decade of continuous high 
growth rates and progressive integration with the world economy, Vietnam’s devel-
opment has, however, been challenged by multiple international crises in food, 
finance, health, and internal macroeconomic instability (Riedel 2009). Both 
national and international agencies have commented on the need to reexamine 
development strategy and to focus rather more on the quality of growth as Vietnam 
approaches middle-income status (Nguyen Anh Ngoc et al. 2009; Pincus 2010).

Development has come at an environmental cost, and nowhere have the impacts 
of development been more pronounced than in Vietnam’s coastal zone. Most indus-
trial and commercial activity occurs in these areas, and most of Vietnam’s major 
cities, population, and people of low-income status are located in the coastal zone 
and delta areas. Large-scale finance and infrastructure investments are focused 
mainly along the coastline and in its expanding urban centers. The Mekong delta 
(including 12 provinces, Ho Chi Minh, and Can Tho cities) has been a leading 
driver of national development and international trade. About 27% of the country’s 
manufacturing firms and 29% of manufacturing workers are located in Ho Chi 
Minh City (Dore et al. 2008). The 2009 Provincial Competitiveness Index indicates 
that 10 of the 12 delta provinces, along with Ho Chi Minh and Can Tho cities, are 
ranked in the top 22 positions (Malesky 2009), and national production statistics 
(Table 2.1) identify the delta as the main business center, rice and fisheries pro-
ducer, and revenue earner in Vietnam.

Ho Chi Minh City and environs captured almost 30% of foreign direct invest-
ment (FDI) in Vietnam from 1988 to 2007 (Athukorala and Tien Quang Tran 2008). 
The region is also the major contributor to foreign-exchange earnings through 

Table 2.1 Contribution of Mekong delta production to Vietnam’s economy (Source: GSO 2009)

Industry, agriculture, and fishery statistics Mekong Deltaa Percent in country

Gross industry output (Billion VND)b 460,993 31
Net business turnover (Billion VND)c 1,194,230 35
Planted area of paddy rice (‘000 Ha) 3,889 52
Production of paddy rice (‘000 tons) 20,788 53
Number of farms 58,896 49
Number of fish farms 25,770 74
Aquaculture water surface (‘000 Ha) 762 72
Aquaculture shrimp production (tons) 315,691 81
Aquaculture fish production (tons) 1,428,972 77
Gross output of fisheries (Billion VND) 34,407 69
Production of fisheries (tons) 2,744,145 60
aIncludes Ho Chi Minh city, Can Tho city, and 12 provinces
bCurrent prices
cFor 2007
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exports, including 90% of national rice exports and aquatic products that have 
driven national fisheries expansion, making this sector the fourth highest earner of 
foreign exchange for Vietnam. By 2008, catfish (Pangasius and Pangasionodon 
sp.) aquaculture exports (mainly from the delta) reached 117 countries and territo-
ries and were valued at US$ 1.45 billion. At the same time, shrimp (mainly 
Penaeus monodon) exports were valued at US$ 1.63 billion. Catfish and shrimp 
exports combined accounted for 68% of Vietnamese aquatic-product exports. 
These national contributions and Ho Chi Minh City’s revenue-sharing with other 
provinces have led Malesky (2008) to argue that the city has special national lever-
age. Vind and Fold (2010) have proposed that the city is emerging in international 
importance as part of a “Global Commodity Chain” with extended impact on the 
countryside through the attraction of migrant labor and international connectivity.

Coastal development pressures will intensify as Vietnam plans to increase the 
contribution of the coastal and maritime economy to more than 50% of national 
GDP by 2020 (CPV 2007). As the southeast region and delta continue to attract 
investments (Dinh Thi Thanh Binh 2010) and international exposure, it is also 
likely that this region will increasingly become even more of a public  environmental 
“hotspot.” The future brings both great opportunities and worrying challenges. No 
longer considered only a biodiversity or conservation issue, environmental threats 
are a growing and critical social and economic concern, especially for many com-
munities whose livelihoods depend directly on living resources. The need to accel-
erate action to reduce environmental damage in Vietnam and to restore ecosystems 
is being increasingly voiced by government, citizens, international nongovernmen-
tal organizations (INGOs), and donors (Anon 2008; MPI 2009; Vietnam 
Development Report 2007).

In the Mekong delta, despite the growing evidence of environmental damage, 
top-down management action has been slow and inadequate; and water-based envi-
ronmental threats are increasing. Broadening civic engagement in policy develop-
ment, decision-making, and implementation has been suggested as much-needed, 
new development pathways are emerging (Friend 2009; Hirsch 2001; Lebel et al. 
2005). While local-level action is essential to improve the quality of economic 
development in the delta and to overcome environmental threats, it is proposed that 
much greater emphasis than presently exists must be given to the reality of the 
delta’s growing international development drivers, national leverage, and linkages 
between the two. Local initiatives should take advantage of international conserva-
tion trends and develop effective advocacy and diplomacy to influence and mitigate 
effects that arise outside the delta. To do this effectively, given the social complex-
ity, wider and more organized community engagement is also needed.

2.2  The Environmental Situation in the Delta

The Mekong delta spans 39,000 km2 in Vietnam with 61% in agriculture and 
 aquaculture use (Deltares 2009). In terms of fish species, the delta is reported to be 
the most biodiverse region of the Mekong River, with 73 families and 481 species. 
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Its ecosystems are, however, vulnerable due to agriculture, urban and industrial 
pollution, eutrophication, sediment fluctuation, dredging, water diversion, habitat 
damage, and over-harvesting (ICEM 2010). At basin levels, Vietnam has lost more 
than 60% of the mangrove forests in wetlands and tidal floodplains, especially in 
deltaic areas, with more than 2,000 km2 lost in the last 20 years. Only 21% of exist-
ing mangrove areas are original forests, the rest have been replanted (VEPA 2005). 
Sub-tidal coastal and marine wetlands, which form more than 25% of Vietnam’s 
delta wetlands, are under stress (Snidvongs et al. 2003). A wide diversity of farm-
ing, rice cropping cycles, and aquaculture systems have displaced delta wetlands 
(Phan Minh Thu and Populus 2007; Joffre and Bosma 2009; Sakamoto et al. 2009), 
and urban and industrial development have also led to a reduction in cultivable land 
(Tran Thi Van and Ha Duong Xuan Bao 2007). Clearing of coastal forests for agri-
culture and aquaculture has contributed to ecosystem fragmentation, the intensified 
energy of coastal waves and winds reaching inland, increased flood risk, and facili-
tated extension of saline regimes inland (Mazda et al. 2004). Globally, the Mekong 
coastal ecosystem is ranked third in terms of threats from cumulative land-based 
impacts of nutrients, organic and inorganic pollution, and the coastal population 
(Halpern et al. 2009).

Pollution loads in the Mekong delta are significant. Ho Chi Minh City is ranked 
as the first and Can Tho City as the fourteenth most polluting municipality/province 
in Vietnam (Dore et al. 2008). Pollution is a mix of agriculture and aquaculture 
chemicals and waste, as well as industrial and urban solid, liquid, and gaseous 
discharges. Monitoring of the delta has identified extremely high concentrations of 
veterinary antibiotics linked to livestock farming (Managaki et al. 2007), and pes-
ticide use is estimated to cost US$ 251 million in terms of the loss of use of water 
resources (Dang Minh Phuong and Gopalakrishnan 2003). Health costs of pesti-
cides are estimated at US$ 650/farmer/ km2 (Nguyen Huu Dung and Tran Thi 
Thanh Dung 1999). A bio-monitoring program initiated by the Mekong River 
Commission (Dao Huy Giap et al. 2010) showed that in 2008 only 40% of sites 
sampled in the Mekong delta of Vietnam were rated as Class “B” (good).

Perhaps, however, the most contentious trans-boundary issue is the development 
of dams. Up to 153 major dams are in various stages of development throughout 
the Mekong basin. These barriers will result to changes in hydrology, sediment 
load, water quality, and flow interruptions. Kummu et al. (2010) provide estimates 
of the amount of sediment trapped by existing and planned reservoirs on the main-
stream and subbasins of the Mekong River, concluding that more than 50% of the 
total basin sediment load could be trapped, with potentially severe impacts on the 
floodplains and delta area in Cambodia and Vietnam.

With 40–70% of the total fish catch in the Mekong reported to depend on migrat-
ing species (Barlow et al. 2008; Baran and Myschowoda 2008), the future of fisher-
ies’ livelihoods in the world’s largest inland fishery looks bleak. Vietnam’s delta 
fisheries are considered as “High Risk” due to biodiversity changes and barriers to 
completion of life cycles and migrations. Poor households that are the most depen-
dent on capture fisheries will be the most affected (Baran and Myschowoda 2009; 
Kang et al. 2009).
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Delta-capture fisheries’ indicators already show downward trends. Declines in 
catches and sizes of large migratory fish and an increase in low-value species in 
Mekong fisheries are documented by Baran and Myschowda (2008), and coastal 
fishery surveys of Soc Trang, Bac Lieu, and Ca Mau provinces indicate that 70% 
of catches are composed of young and immature fish (Tran Van Viet and Tran Xuan 
Loi 2007). Catch rates of the inshore trawler fleets in Ca Mau and Bac Lieu prov-
inces from 1996 to 2002 also show reductions of 30–40% in shrimp catches 
(Christensen and Dang Van 2008).

The Mekong River may not only have near-coastal impacts. Delta coastal fisher-
ies’ productivity was earlier linked by Chevey (1933) to annual flooding of the 
Tonle Sap Lake in Cambodia. Oceanographic studies suggest that the Mekong 
River plume stimulates phytoplankton growth and oceanic primary production in 
the western South China Sea (Bombar et al. 2010; Voss et al. 2006), with about 
77% of the surface water in the central part diluted by Mekong River flow (Chen 
et al. 2009). Impact on the Gulf of Thailand is less studied; however, the river’s 
plume is known to reach the middle part of the Gulf (Wolanski and Nguyen Huu 
Nhan 2005). The downstream ecosystem linkages of the plume, including possible 
effects on offshore fisheries, remain to be determined.

2.3  Climate Change in the Delta

Superimposed on national development changes are the environmental, social, and 
economic impacts of climate change. The planning scenario for Vietnam is an aver-
age sea level rise (SLR) of 1 m by 2100, modeled to affect 37.8% of the Mekong 
delta and 23% of the greater Ho Chi Minh City area. Expected results are inunda-
tion and salinization of land, coastal infrastructure, industrial enterprises, critical 
biodiversity, and protected areas. By 2050, about one million persons are estimated 
to be threatened with displacement (Carew-Reid 2008; UNDP 2009). Ho Chi Minh 
City is projected to be among the ten most globally exposed cities by the 2070s 
(Nicholls et al. 2008). Indirect effects and economic and social impacts are less 
well understood, though intra-regional migration is expected to increase. It has also 
been suggested that nearer-term climate challenges may be translated into interna-
tional trade pressure through tariffs, taxes, restrictions to “carbon neutral” products, 
or the purchase of carbon credits being applied to exporting countries that do not 
cut emissions (Baumüller 2010; Kirkpatrick et al. 2010).

Of special concern in the delta are climate-change synergies with the multiple 
stressors of ongoing economic development. These include (1) Coastal subsidence 
caused by excessive groundwater extraction and deforestation (Pham Thi Viet Nga 
2008) leading to increased areas and depth of salt-water intrusion; (2) Coastal 
deforestation – for example, of mangroves – that accelerates erosion, intensifies 
wind energy reaching the coast, increasing tidal heights, flooding, salt-water 
 intrusion, and greenhouse-gas levels (Mazda et al. 2002, 2004); (3) Water-flow 
interruptions through improper barriers, dikes, or dams that may increase the risk 
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of flooding (Le Thi Viet Hoa 2007); (4) Urban and industrial development practices 
that amplify surface-temperature increases due to urban heat-island effects, already 
documented up to 9° higher in Ho Chi Minh City (Tran Thi Van and Ha Duong 
Xuan Bao 2010); (5) Overfishing that makes recruitment in fish populations more 
variable and more vulnerable to environmental and climate extremes (Anderson 
et al. 2008). How these combine to shape ecosystem change and their dependent 
delta communities warrants much greater attention, especially the need to avoid 
adaptive responses that focus only on selected effects, for example, sea level rise, 
but in doing so create other environmental and social stresses.

2.4  Environmental Restoration: Developmental Issues

Economic progress in the delta depends on restoring environmental capital while 
advancing economic development. This is a scientific and social challenge it, and 
directs development planning to value the delta’s environment and ecosystems in 
ways not limited to marketable commodities or restricted to present value. These 
research initiatives are still at an early stage in Vietnam but are delivering valuable 
information for planning. For example, Do Nam Thang and Bennett (2008) demon-
strate that a biodiversity conservation program in Tram Chim National Park gener-
ates a net social benefit of US$ 0.15–0.96 million. Timber extraction is forecast to 
increase at an annual rate of 6% beginning in 2010, the Mekong River Delta being 
one of the most important timber-producing regions (World Bank 2010). However, 
Vu Xuan Nguyet Hong et al. (2007), in comparing forest-use value in Vietnam, 
estimated conservation-oriented forests to generate higher values than production/
timber use. Development externalities in the delta (pollution, deforestation, habitat 
damage, overfishing, river-flow interruptions) and incentives also need to be quan-
tified in financial and social terms and used in planning decisions, management, 
and enforcement.

Administratively, at the country level in Vietnam, there are a range of imple-
menting and collaborating institutions that make environmental governance more 
challenging. Key institutions and organizations relating to the United Nations 
Framework Convention on Climate Change (UNFCCC) include 7 ministry and 
ministry-level institutions and 13 national institutes (MonRE 2005), and for 
water resources management-9 ministries and 18 departments (Do Thi Nham  2008). 
In addition, there are academic institutes, provincial- and municipality-level 
departments, and university-based institutions. In terms of legislation, there are 
national laws, regulations, decrees, directives, decisions, ordinances, and circu-
lars at country, provincial, and local levels. From 1987 to 2003, over 100 of these 
legal instruments have been issued in the fisheries sector alone (Pomeroy et al. 
2009). Despite this profusion, there may be overlaps, inconsistencies, loopholes, 
or other inadequacies – for example, a low level of fines, inconsistent monitoring 
and enforcement, and rent capture – leading to minimal compliance even by serial 
offenders.
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Settlement of citizens’ administrative complaints also strains existing systems. 
Hoang Ngoc Giao et al. (2009) concluded that there is an increasing trend of formal 
complaints in diverse areas, including land management and the environment, and 
that complaints were becoming more complicated and diversified. Citizens, how-
ever, had difficulty in organizing, presenting, and settling their claims, state organs 
were overloaded in handling them, and inefficiency in existing mechanisms may in 
fact prolong and increase complaints. These conditions suggest that there are 
opportunities for third-party perspectives and engagement through national and 
international civil-society organizations (CSOs) to strengthen citizen capacities to 
manage their claims and to assist the government in improving the systems that 
process them.

The challenges of competing geographic scales of interventions are also signifi-
cant. Major projects, planning, and research programs in the Mekong operate at 
scales defined by boundaries as the “Greater Mekong Sub-Region, Mekong Basin, 
Mekong River, Lower Mekong, and Mekong Delta.” These provide a “top-down” 
framework and a “big picture” context that promotes cooperation at country and 
regional levels to address trans-boundary challenges. However, this scaling tends 
to ignore the local, where production activities occur and also where most of the 
initiatives aimed at reversing environmental damage and its social impacts take 
place. Some have asked what impact does this “rescaling” of the challenge, this 
larger-scale emphasis and region-wide institutional effort, have on development of 
civil-society groups’ efforts to come to terms with these same environmental 
issues (Hirsch 2001)?

In parallel, community-based levels of management are often proposed as the 
major form of intervention for a number of reasons: perceived inadequacies of top-
down or central government management; a preconceived belief in grass-roots 
solutions; trust in the effectiveness of traditional and culturally embedded 
approaches; inadequate analysis of local situations and drivers; practical limits 
imposed by short-term and underfinanced interventions to handle “manageable” 
situations with a visible result; and limitations of implementing agencies. Often, 
site-specific reasons for the apparent failure of “top-down, central government” 
approaches (the commonly used description) are not examined. The result is that 
scattered community-based projects are becoming a dominant development strat-
egy, and they continue to be favored by donors to civil-society groups and formal 
NGO programs. Past World Bank portfolios for funding this approach approxi-
mated US$ 7 billion (Mansuri and Rao 2003). Interestingly, in a study of four 
project sites in Vietnam with a view to involving intermediaries in introducing 
Payment for Environmental Services (PES) programs, all interviewees claimed that 
local organizations had the least power among possible intermediaries (Pham Thu 
Thuy et al. 2010).

Criticism has also been raised of the validity of exclusive dependence on partici-
patory and community-based derived knowledge and research (Rambo 2009), and 
there have also been difficulties in identifying achievement of success in commu-
nity-based management (Shackelton et al. 2010). Nevertheless, it has been argued 
that in community intervention, “there is no management ‘end-point’ to be achieved, 
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only continual  adjustments and capacity-building efforts,” using an experimentive 
and adaptive management approach, but still requiring higher-order governmental 
support (Truong Van Tuyen et al. 2010). Where threats, drivers, and control originate 
only locally, in most cases solutions can be found locally. In the cases of national, 
trans-boundary, regional, and international origins of physical disturbances or 
 economic-demand-driven local actions, as in the Mekong delta, permanent solutions 
need multilevel management, as well as wider stakeholder and institutional involve-
ment (Berkes 2007). Identifying such boundaries that need to be addressed, Cash 
et al. (2006) propose spatial, temporal, jurisdictional, institutional, management, 
network, and knowledge components. Berkes (2006) cautions that “overemphasis on 
community-based management runs the risk of defining issues at one level instead 
of many. Communities may be complex and embedded in further complexity due to 
intervening layers and external drivers, and because of the problem of fit between 
institution and ecosystem boundaries.” Cudney-Bueno and Basurto (2009) show that 
failure to obtain higher-level, cross-scale governance support for community-based 
management efforts can lead to their demise. These perspectives place greater 
demands on civil-society groups and NGOs to develop strategies that rigorously 
examine each situation, develop criteria and forms of entry and exit, work at differ-
ent scales, and justifying these in their development plans.

Two main development challenges emerge from these tensions. First, there is the 
challenge of establishing connectivity and support between the wider framework 
across countries and the local groundwork in communities. Establishing this con-
nectivity continues to elude donors, development agencies, government planners, 
civil-society organizations operating locally, and researchers. Secondly, there is the 
challenge of integrating local project interactions, developing a typology of success 
factors and upscaling, and learning from successes and failures in a way that fits the 
complexity of the  environmental challenge. A common shortcoming is interpreting 
success as temporary progress at one or a few sites without knowing or covering 
the wider scope of interventions or the mechanism to extend initial achievements.

Traditional development has been mainly direct and based on expansion of 
 organizations to service a wider base, for example, larger government and nongov-
ernmental organizations (NGOs). Other options that need to be explored with greater 
effort are the indirect, multiplying impact of creating new and autonomous organiza-
tions and changing behavior in existing organizations (Uvin et al. 2000). Progress 
can be made by being open to combinations of participatory approaches, not pre-
judging solutions, and involving those whose actions either contribute to environ-
mental threats, are affected by them, or whose participation is needed to enable 
success. Not surprising, this is challenging. Different sectors, levels and participa-
tion capacities are involved. The inertia of habits, historical and asymmetric power 
relationships have to be overcome, where local groups engage more organized, tech-
nically prepared and better funded institutions.

Of additional concern in incorporating community individuals and groups and 
exercising devolved management authority are potential abuses such as local elite 
capture and rent-seeking by wealthier or politically connected community mem-
bers, empowering themselves by rearranging local authority. Case studies show 
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elite capture to be pervasive in community-based projects. Civil-society  organizations 
have a role to play in working toward establishing systems that allocate rights trans-
parently, are accountable, have legitimacy and trust, and provide opportunities for 
community members to voice their concerns (Béné et al. 2009; Fritzen 2007; 
Platteau 2004). Reviewing international NGO (INGO) activity in Vietnam from 
1990 to 1999, caution was given to ensure that the selection process for local 
partners did not inadvertently create new local elites with special advantages 
(Nguyen Kim Ha 2001).

There has been a significant amount of enabling legislation in Vietnam by the 
government to promote expanded public participation and new approaches, but 
implementation has been slow. Recent attempts in Cat Tien National Park to develop 
PES partnerships with local communities have revealed a number of fundamental 
challenges. These include limitations in the  communities’ capacities to organize, 
negotiate, and sustain agreements, the need for a deeper understanding of the diver-
sity of community attitudes, their past government relations, and costs of engagement 
(Petheram and Campbell 2010). Government institutional arrangements also add 
transaction costs for communities and NGOs through the spreading of governance 
responsibilities for similar functions among different agencies. Pham Thu Thuy et al. 
(2008) note that “four biodiversity monitoring systems belong to different depart-
ments in MARD (Ministry of Agriculture and Rural Development) and MoNRE 
(Ministry of Natural Resources and Environment). Each of these agencies uses its 
own approaches, indicators, and standards, with no shared systems or agreements.”

The international biodiversity importance of the Mekong delta also warrants 
greater management emphasis. There are 30 protected areas with 19 declared of 
national importance and 4 areas of international biodiversity significance (FPD/
MARD, UNDP and IUCN 2006). The delta also hosts three international biosphere 
reserves (Kien Giang, Can Gio, and Mui Ca Mau) as part of the World Network of 
Biosphere Reserves coordinated by the United Nations Educational, Scientific, and 
Cultural Organization. However, the design of most of the delta’s protected areas cov-
ers relatively small areas, and encroachment, fragmentation, and sea level rise threaten 
their future (Pilgrim 2007). The management framework of the biosphere reserves 
needs strengthening, especially with regard to increasing local community involve-
ment beyond statutory “consultations” and devolving greater authority to local man-
agement boards. Of the more than US$ 325 million of financing for major protected 
areas in Vietnam allocated from 1995 to 2005, most (63%) came from Official 
Development Assistance (ODA) but with inadequate funding for conservation activi-
ties. On average, funding was equivalent to 0.1–0.2% of total ODA and 0.1% of annual 
government expenditure (FPD/MARD, UNDP and IUCN 2006). It would seem rea-
sonable that biodiversity areas of national and international significance and world 
biosphere reserves merit higher levels of management and conservation support.

NGOs have an important role in advocating for improved protected area 
 management systems, reducing further ecosystem fragmentation, and working 
toward active and informed community involvement, improved livelihoods, and 
financial support for protected areas. In the context of protected-area ecotourism in 
Vietnam, García-Herrera (2009) identified a range of possible NGO roles: as a 
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bridge between stakeholders, for example, communities, government, and the 
 private sector; acting as an objective intermediary and facilitator; providing train-
ing, capacity development, and conservation awareness; and contributing to the 
implementation of eco-certification. Ecotourism development in Vietnam is a spe-
cial case needing action and rigorous standards. Often used as a marketing tool in 
mass tourism, many ecotourism ventures pose serious threats for protected areas. 
The Institute for Tourism Development Research reported that 95% of Vietnam’s 
tourism sites are advertised as offering ecotourism and that 90% of ecotourism 
guides lack environmental knowledge (Ngoc Anh 2007).

2.5  Challenges in Fishery Management

The Mekong delta is the center of Vietnam’s fisheries industry and aquatic-product 
exports. As Vietnam’s economy moves from a production orientation to an 
 international-market orientation, fishery management requirements have increased to 
include a mix of traditional and novel approaches involving government, the  private 
sector, and the public, with both obligatory and voluntary options. In particular, a set 
of globalized conservation and management values continues to emerge, embedded in 
multinational treaties and conventions. Regulatory action is becoming increasingly 
demanding as international law and “Soft Law” instruments for environment-related 
issues are numerous. The CIESIN database1 lists 62 international environment-related 
and fishery agreements to which Vietnam is signatory. These carry obligations and 
related implementation costs, and they are managed by semiautonomous international 
agencies with different styles and rates of implementation and different scales, for 
example, from global environmental change to site-based programs and sector-focused 
goals (Cochrane and Doulman 2005; Schipper and Pelling 2006).

Fishery-management approaches in Vietnam, however, have not yet moved 
toward recovery-oriented plans (Pitcher 2001). Rather than rebuilding and restoring 
ecosystems, the current approach prioritizes the sustaining of existing levels of 
degraded ecosystems or present numbers of wildlife. Recovery planning will 
require new skills to evaluate and apply new analytical and planning methods; for 
example, the transition from single-species management based on surplus- 
production models to ecosystem-based analysis and management which emerged in 
the 1970s in Southeast Asian fisheries (Pauly and Chuenpagdee 2003). Some are 
suggesting the integration of physical, biological, and social sciences into the 
“Earth System Science” and “Global Change Science” categories; this proposal 
reflects the scale and interdependencies of environmental systems and human 
actions (Lehodey et al. 2006; NRC 2007). New forms of collaborative research and 
management also need to be explored using mobile technologies, the Internet, and 

1 ENTRI – Environment Treaties and Resource Indicators. Center for International Earth Science 
Information Network (CIESIN), Columbia University, New York, USA. http://sedac.ciesin.colum-
bia.edu/entri/countryProfile.jsp?ISO=VNM

http://sedac.ciesin.columbia.edu/entri/countryProfile .jsp?ISO=VNM
http://sedac.ciesin.columbia.edu/entri/countryProfile .jsp?ISO=VNM
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 community volunteers as  citizen scientists in environmental data collection, 
 monitoring, and cooperating in knowledge creation.

One of the results of moving toward a market economy is the increased export 
focus of fishery products. The fishery sector has become of major export importance 
with a value of US$ 4.25 billion in 2009 (VASEP 2010), and there are plans for it to 
develop as the “leading sector for the course of industrialization and modernization 
of the agriculture sector” (Prime Minister of Government 2006). Investment and 
development need to be managed to minimize environmental damage. The main 
export products of farmed catfish (Pangasius and Pangasionodon sp.) and shrimp 
(mainly Penaeus monodon), with activities centered in the Mekong delta, are still 
heavily dependent on imported feed. Edwards et al. (2004) report that high-quality 
fish meal for fish fingerlings (mainly Pangasius sp.) and crustaceans (mainly 
shrimp) in aquaculture is mainly imported, representing about 90% of the total fish 
meal used. Annual fish meal imports have increased from 14,000 tons in 1999 to 
about 400,000 tons, with imports reported from Thailand, Hong Kong, Taiwan, and 
the USA and fish oil from Korea (Le Nguyen Doan Khoi 2007; Le Thang Hung and 
Huynh Pham Viet Thuy 2007). The environmental impacts of export-oriented aqua-
culture also affect local-capture fisheries. Estimates are that by 2004, about 
100,000–120,000 tons of unsustainably harvested marine fish were being used for 
Pangasius catfish feed (APFIC 2005).

It has been argued (Deutsch et al. 2007) that there is a need to expand the discus-
sion and management of aquaculture production from the local farm site to include 
the global marine-production system supporting the farm in order to ensure trace-
ability of aquaculture inputs, including knowledge of any impacts on source eco-
systems. This applies to fish-processing enterprises in Vietnam as well, as there is 
increasing demand for stocks of imported fish to process due to local plants operat-
ing at about 50% of capacity (Anon 2010). Resolving these environmental chal-
lenges is complicated by the “stretching” of the international aquatic-production 
chain with alternative and intermediate suppliers obscuring original ecosystem 
impacts (Lebel et al. 2002).

There is recognition that while progress is being made in conservation, the num-
ber, types, and scale of fisheries-management challenges have increased; and tradi-
tional input and output management controls need to be expanded to adopt 
additional, flexible, and more novel approaches that also commercially benefit 
producers. In 2009, a community-level capture fishery for clams (Meretrix lyrata) 
in Ben Tre province received international certification from the Marine Stewardship 
Council (MSC) – the first MSC fishery certification in Vietnam and Southeast Asia 
(Tran Truong Luu et al. 2009). Market-based and voluntary interventions are 
increasingly being considered, including certification, and life cycle and value 
chain approaches for shrimp and fish aquaculture after being given the export focus 
of many Mekong delta products (Vo Thi Thanh Loc et al. 2010). A number of con-
sultations and trials have been initiated towards meeting international certification 
standards for shrimp (mainly Penaeus monodon) and finfish aquaculture products 
(Anon 2009a; Vu Dzung Tien and Griffiths 2009). The selection, application, and 
monitoring of certification schemes, regulations, and standards can, however, be 
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confusing; and guidance is especially needed for small producers, processors, and 
exporters (Ha Trieu 2010). There are schemes promoted for varied objectives (e.g., 
conservation, consumer health, animal and social welfare) by industry, govern-
ments, NGOs, “organic” and “fair-trade” labels, and codes (Corsin et al. 2007). 
This diversity, the continuing evolution of the fisheries and regulation schemes, and 
technical understanding challenge government agencies and NGOs as service pro-
viders and agents of change in the industry, especially small producers who have 
greater difficulty in compliance.

2.6  Civil Society, Vietnamese NGOs, and the Environment

In situations where environmental resources are overexploited, other nonmarket 
environmental values are not accounted for. Dependent communities are poor and 
have limited voice, rights, and access to influence policy or enforcement; corrup-
tion influences decision-making more than knowledge. In such situations, attempts 
to restore environmental benefits are demanding. These parameters, in essence, 
define the work for emerging civil-society organizations and NGOs, whose leader-
ship, management style, and governance arrangements also greatly influence pro-
gram success.

Vietnam has a record of informal environmental regulation or “community-
driven regulation” as described by O’Rourke (2002), where local communities 
supported by local social organizations respond to local environmental events. It 
was reported, for example, in 2009 that farmers’ associations from Ho Chi Minh 
City, Dong Nai, and Ba Ria Vung Tau provinces received nearly 11,000 letters 
demanding legal action against an industrial river polluter. Cases are also reported 
in the national media and sometimes involve public responses by academics and 
government agencies (Phung Thuy Phuong and Mol 2001; Vietnam Net 2009). 
However, such community actions tend to be ad hoc, local, and reactive, often 
based on immediate and visible economic and health threats, not institutionalized 
precautionary approaches to avoid long-term environmental damage.

In the study of civil society and its organizations in Vietnam, it is useful to recol-
lect the history of a society emerging through a long colonial period, national 
conflict, and centrally planned socialist governance toward a market economy, as 
well as from an agriculture-based economy to an industrial economy. The study 
both of civil society and of civil-society-linked organizations and NGOs in Vietnam 
has been undertaken in particular by foreign observers concerned mainly with the 
evolution, societal, regulatory, and state relations of organizations and only mini-
mally on sectoral issues (though agriculture is better analyzed than others) and on 
environmental issues. Following the transition of organizations from their origins 
to the present day, it is important to identify their situational constraints and their 
developing capacities as partners in dealing with environmental change.

Initial attempts to develop Vietnamese NGOs (VNGOs) and operations of inter-
national NGOs (INGOs) in Vietnam are reported as hesitant and challenging 
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(Hannah 2007). Early analyses in Vietnam commented on the closeness of the first 
organizations to the government, in some cases, with lateral transfers of individuals 
from government agencies reconstituting themselves as separate or connected orga-
nizations, with a minimal of action-oriented activities (Pednekar 1995). As late as 
2001, it was reported that in Vietnam independent local or national environmental NGOs 
that performed the role of mobilizing communities and an environmental move-
ment were absent (Hirsch 2001; Phung PT and Mol 2001). But later reviews (Lux 
and Straussman 2004) conclude it is “increasingly clear that the forms, functions, 
and behavior of Vietnamese NGOs are more and more similar to non-state counter-
parts in the rest of the world.” Sabharwal and Than Thi Thien Huong (2005) also 
identified a broad trend in that the “growth of development NGOs [is] essentially 
different from the organizations that emerged as a product of the retrenchment 
process during the late 1980’s.” More recently, however, the annual report pre-
sented to the government by international donors led by the World Bank still noted, 
“the processes of creating new civil society organizations are burdensome, and not 
all are treated equally …. in Vietnam’s devolving system, the devolution of civil 
society has been approached cautiously” (Vietnam Development Report 2010). 
Recent legislation covering the process to establish and operate associations 
remains highly legalistic and associations tightly controlled (Prime Minister of 
Government 2010).

A formal national role for NGOs in economic development and management was 
recognized in the Government of Vietnam’s Five-Year Socioeconomic Development 
Plan (SEDP) 2006–2010. In this plan, NGOs would act as service providers in human-
itarian activities, addressing poverty and environmental management of pollution and 
sanitation. In addition, the SEDP encourages civil society to “engage in managing and 
monitoring some public fields” and planning, implementing, and monitoring the 
SEDP from central to local levels (GOV 2006). There also seems to be a rapid growth 
of organizations calling themselves NGOs or sometimes VNGOs, whether or not they 
fit Western conceptions and categories. Nørlund et al. (2006) list a typology of six 
main types of national organizations with a wide range of functions (mass 
 organizations, umbrella organizations, professional associations, faith-based organi-
zations, VNGOs, and informal groups). Kerkvliet (2003) and Nørlund (2007) suggest 
that useful evaluation criteria to consider are an organization’s origin, affiliation with 
and dependency on the state, funding source, voluntary membership, governance, 
work program, and nonprofit orientation. The numbers in each category are publicly 
un-quantified, but an estimated 65–70 million persons are members.

Organizations may register under a variety of decrees and regulations with vary-
ing rights, responsibilities, and geographic jurisdictions. The Vietnam Union of 
Science and Technology Associations (VUSTA) is estimated to have 1.15 million 
members across the country (Nørlund et al. 2006). Citizen surveys in Vietnam 
indicate that 7.6% of persons in 1999 identified themselves as belonging to an 
environment/conservation organization (Dalton 2005), a higher percentage than in 
the 17 European countries surveyed. While the diversity of registration procedures 
and mechanisms facilitates growth in numbers of organizations, it challenges the 
development of effective governance, performance standards, and accountability.
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The debate on VNGO performance in Vietnam is ongoing but not yet informed 
by comprehensive assessment or public access to information on outcomes and 
results. There is some skepticism of aid-imposed “civil society” and “participatory” 
solutions (Molenaers and Renard 2009). Concerns are also expressed regarding 
whether NGOs are compromised by being aid-driven or because of government 
restrictions, and questions have arisen as to whether or not their results are really 
superior to those of government institutions (Gray 1999). Similarly, it has been 
argued that many NGOs place emphasis on delivering short-term, project-specific 
outputs rather than meaningful community engagement (Pham Thu Thuy et al. 
2010). Organizational limitations in VNGOs have been identified in management, 
leadership, technical and language skills, networking, communication with govern-
ment agencies, narrow geographic focus, and staff turnover. On the other hand, 
noted assets include high motivation levels of their predominantly young staffs, a 
more egalitarian approach to working with communities, ability to mobilize volun-
tary resources, lower costs than commercial enterprises, and ability to minimize 
operational overheads (ADB 1999; AusAID 2000; TAF 2008).

In Vietnam, Nørlund (2007) identified civil-society organizations (CSOs) among 
the least influential organizations yet notes “all types reach down to the grassroots 
level better than similar government programs and policies. In that regard, CSOs 
have had an impact.” Similarly, Wischermann (2003) notes “there is a widening gap 
between what society is in a desperate need of and what state and/or the economy 
can deliver. Civic Organizations are filling this gap and they are filling it in a very 
specific way.” The space for civil-society action in climate-change action seems 
particularly open. A recent poll in Vietnam (World Bank 2009) records 93% of 
respondents indicating that the country has a responsibility to take steps to deal 
with climate change even if other countries did not, with 77% reporting that the 
government was not doing enough.

In terms of socioeconomic impact, an external evaluation for Vietnam commis-
sioned by the European Commission found community-based organizations in rural 
areas to be “highly effective in poverty reduction, working with vulnerable groups, 
etc. Their work is not as visible as it deserves to be” (Particip GmbH 2009). An 
even less publicized role for NGOs (especially VNGOs) in Vietnam is their accep-
tance of volunteers to participate in fieldwork, projects, and events, and the oppor-
tunities they provide for student projects and theses. While such collaborations are 
often temporary, they provide informal education through “on-the-job” exposure, 
allowing many citizens (especially youth) to gain a deeper knowledge of society 
and local communities, and in the case of environmental-focused NGOs, of the 
issues facing biodiversity and natural resources in Vietnam.

2.7  International NGOs in the Mekong Delta

International NGOs (INGOs) have been increasingly active in Vietnam, with devel-
opment assistance growing from an estimated US$ 20 million in 1990 to US$ 260 
million in 2008, with about 650 INGOs estimated to operate now in Vietnam 
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(Anon 2009b). Together with 29 bilateral and 19 multilateral agencies, including 
United Nations Organizations, they form the international ODA and development 
community in Vietnam (DFID 2008), in addition to other INGOs not in Vietnam 
which also provide technical and financial support. According to Fforde (2005), 
INGOs and donors mainly channeled their efforts directly to and through state and 
mass organizations, a situation indicated as operating outside the mainstream of 
social development, compromising both their understanding of Vietnamese society 
and their effectiveness.

INGOs, however, played and still play significant roles, by: (1) increasingly 
funding local organizations including promoting grant programs reserved for 
VNGOs, the level of funding disbursed often limited by the local organization’s 
technical and management capacity; (2) acting as a bridge between international 
and local organizations and government agencies, particularly beneficial when 
the concept of VNGOs was new in Vietnam; (3) facilitating capacity development 
of VNGOs by providing training and mentoring; and (4) contributing to VNGO 
leadership through transfers of Vietnamese professionals who previously worked 
in INGOs.

Records2 indicate that between 2004 and 2008 at least 99 INGOs operated in the 
Mekong delta (including Ho Chi Minh and Can Tho cities) with an apparent 
increasing trend from 74 to 81 over this period. Of these, only 12–18 list themselves 
as having an Environment, Conservation, Wildlife, or Integrated Development 
focus. Most INGOs (76–81%) worked in Ho Chi Minh City, and while all provinces 
had INGO activity, 90–95% of INGOs worked only in four provinces or fewer. This 
pattern presents a case to have strong institutional coordination and information 
exchange so that knowledge of the delta’s environment as a whole can be obtained 
and consolidated.

2.8  Information and Communication Challenges  
and Advocacy

The delta’s environmental challenges, origins, scale, and locations require an effec-
tive exchange of experiences, successes, failures, knowledge, and open communi-
cation. However, development-oriented organizations operating in Vietnam do not 
tend to share information either at professional or at local community levels. There 
are some systems in place, however. For example, the VUFO-NGO Resource 
Centre based in Hanoi facilitates 17 sectoral working groups and moderates 28 
Internet-based mailing lists with over 9,000 subscribers, but its operations are pre-
carious “experiencing a financial deficit – to various degrees – since its establish-
ment in 1993” (VUFO-NGO Resource Centre 2010). These initiatives are important 
to avoid “NGO fatigue,” where a number of NGOs converge on the same   

2 Viet Nam INGO Directories, 2004-2005, 2006, 2007, 2008. Vietnam Union of Friendship 
Organizations (VUFO) NGO Resource Centre, Hanoi, Vietnam.
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government authorities or local communities with different and sometimes conflicting 
 messages or similar surveys.

While information on VNGO and INGO activities is reported to supervisory agen-
cies and donors as operating requirements, for members of the public, accessing 
information on VNGO and INGO activities in Vietnam is time consuming, and infor-
mation on achievements is not easily obtainable and is of variable quality. Institutional 
and project evaluation reports are rarely made public on an on-going basis or with 
outcome information. In a review of comanagement experiences, Swan (2010) com-
ments “what is required of protected area comanagement in Vietnam is to learn and 
share lessons learnt, from both international and national experiences. At present, this 
is not occurring to a sufficient degree; the same mistakes are being repeatedly made, 
and few projects are critically evaluating, documenting, and disseminating achieve-
ments and failures.” There are benefits to INGOs and VNGOs in improving transpar-
ency and the communication of information on their programs, not only to be 
accountable but also to extend their effectiveness. For example, taking advantage of 
the strong connections of VNGOs with local communities and INGOs with interna-
tional communities will extend the geographic impact and advocacy effectiveness of 
their collaboration. The potential remains great even for basic information technology 
use in information-sharing. In a survey by the Asia Foundation, only 35% of VNGOs 
had Web sites (TAF 2008), and, according to another source, 45% of INGO’s working 
in the Mekong delta listed Web sites (VUFO-NGO Resource Centre 2009). Given the 
estimated 23 million Internet users in Vietnam (VNNIC 2010), the limited Web site 
development of NGOs seems a continuing lost opportunity.

In terms of technical information, the greatest need in Vietnam relates to the fact 
that national research is not being adequately covered and made available by 
national databases, library systems, and national institutions, thereby limiting peer 
review and making research results unavailable for national development. There is 
very limited circulation of many institution and university journals, published pro-
ceedings, results of workshop and conferences, project reports, and especially the-
ses and dissertations from national universities. Paradoxically, publications 
produced by Mekong basin country institutions or by researchers and students of 
these countries in foreign institutions or (published in foreign journals), are some-
times more easily accessed through international search engines and databases than 
national databases or library systems in the Mekong basin countries that produce 
them. There are some documentation initiatives in Vietnam such as the National 
Center for Scientific & Technological Information – NACESTI (www.vista.gov.vn) 
and Vietnam Journals Online (www.vjol.info/index.php) that show great promise 
but are still limited in coverage and need technical and financial support to expand 
because of the rate of knowledge creation.

Foreign journals, commercial publications, and aggregation services such as the 
Web of Science still remain the main source of peer-reviewed information, but they 
are increasingly expensive and in languages not usable by all Mekong basin scien-
tists. General Internet search engines such as Google Scholar are helpful and often 
competitive with commercial services in identifying new knowledge on Vietnam, 
as are other Internet-based thematic aggregating services, for example, the Social 

http://www.vista.gov.vn
http://www.vjol.info/index.php
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Science Research Network – SSRN (http://ssrn.com) and EconPapers (http://econ-
papers.repec.org/) in social sciences. But not all information can be obtained with-
out cost. International Open Access journals, Open Archive initiatives, and 
sponsored access to online journals through AGORA, HINARI, and OARE3 are a 
significant help to life science researchers in Vietnam. But these sponsored-access 
services are not widely known in Vietnam, even within institutions that have free 
access to them. Very few NGOs seem to recognize the need, and even fewer pay 
attention to data and information-sharing and facilitating access as priority needs. 
Nor does this seem to be a development area favored by donors.

Obtaining information on the Mekong environment at a basin-wide scale is also 
challenging. There are, for example, development and donor agency networks and 
Web sites (Table 2.2). Most are traditional Web sites hosting information on publi-
cations, news, research updates, meetings, links, and some with national pages. 
Web site maintenance also needs to be improved, as many Websites have broken 
links and inadequate updates. Mekong information is also embedded in national 
and international organizations with Southeast Asia programs, including NGOs and 
global databases. While all these sources help with identifying information on 
completed and current research and issues, Internet technology is still not being 
used to share and take advantage of individual site content; nor is it being custom-
ized for the benefit of local users. Each Web site has to be browsed separately, and, 
as new information is added, the task becomes more time consuming. Importantly, 
in many cases the information contained is not in the main languages of the peoples 
of Mekong basin countries.

In terms of natural resource information, the Mekong River Commission 
(Campbell 2005) describes the Mekong as “one of the more poorly studied rivers … 
there are very few studies on the geomorphology of the river, very few published 
studies on any aspect of the ecology of the Mekong … we are limited by the poor 
knowledge of the biota.” This reflects underrepresentation of riparian countries in 
research and in leading research, “Gray Literature” not being known even within 
countries generating it. There is a limited sharing of information. An analysis of 4579 
freshwater biology papers published from 1992 to 2001 in 9 international journals 
showed only 1.6% were authored or coauthored by scientists based in Asia (Dudgeon 
2003). Regionally, because of political implications, the disclosure of impact assess-
ments at Mekong basin and national levels also tend to remain sequestered by 
regional agencies or countries requesting the studies (Cronin and Hamlin 2010).

Taking advantage of and contributing to international information systems is 
becoming increasingly important. Riparian countries in the Mekong basin share a 
common biodiversity. In the case of fish species for example, there are species, in 
the Mekong basin ecosystem that Vietnam has in common with its neighbors (from 
20 species with Myanmar to 205 species with Cambodia). Table 2.3 shows the 
 common occurrence of freshwater fish species for Mekong ecosystems in riparian 
countries.

3 AGORA (Access to Global Online Research in Agriculture), HINARI (Health InterNetwork 
Access to Research Initiative), OARE (Online Access to Research in the Environment).

http://ssrn.com
http://econpapers.repec.org/
http://econpapers.repec.org/
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Identifying the commonality of Mekong biodiversity helps to prioritize research 
and management and save costs by countries using each other’s knowledge and 
experiences. As these countries are highly biodiverse, it is unlikely that even the 
medium-term countries will have the human and financial resources to research 
every species and local ecosystem. Using credible international information sys-
tems like FishBase (www.fishbase.org) that are available to the public, allows 
countries to take advantage of global knowledge of local importance. The value of 
this is even more important when countries that share natural resources contribute 
information to such global information systems: When any country contributes, all 
countries benefit. The urgency and importance of keeping track of new knowledge 
to manage the Mekong basin is underscored by the pace of knowledge creation. In 
2009, the Mekong River Commission reported 19 regional initiatives in climate 
change (MRC 2009); and since 1993, published literature on climate-change 
impacts on marine systems alone is reported to have increased exponentially 
(Harley et al. 2006).

The application of new knowledge and the identification of priority areas for 
advocacy, both in developing policy and in addressing on-the-ground environmen-
tal issues, should be a logical part of an NGO’s program to make change happen. 
This is, however, only slowly developing in Vietnam. While demand to extend 
activities to advocacy may exist, with a survey showing 68.3% of organizations to 
be interested, the reasons offered for inaction include lack of training (70% of staff 
indicated not attending any course or training in advocacy) and the legal framework 
for NGOs to participate in policy-making not being clear (TAF 2008).

Most VNGOs still operate with a service-delivery orientation: With a site-spe-
cific and local focus, “advocacy” is not considered a main function and usually 
limited to recommendations to local authorities and communities (Norlund et al. 
2006). Some VNGOs do contribute to consultations, drafting of national legisla-
tion, and communicating the opinions and experiences of local communities. There 
are, however, generally not active and dedicated investigative actions by civil-
society organizations or VNGOs to hold individuals, institutions, or the private 
sector accountable. Serial investigative reporting does occur through a few 
Vietnamese newspapers on polluting enterprises, and illegal use of wildlife, con-
tributing to building public and political pressure for enforcement (Mol 2008). A 
novel environmental initiative is the work of the VNGO “Environment for Nature” 
which established a “Wildlife Crime Unit” or a national telephone hotline and 
database to track occurrences of illegal wildlife use, consumption, and trade 

Table 2.3 Common freshwater fish species occurring in the Mekong Basin (Data provided by  
E. Capuli [Pers. Comm., WorldFish Center, Los Baños, Philippines] on March 1, 2010)

Countrya Myanmar Thailand Laos Cambodia Vietnam

China 12 79 104 64 45
Myanmar 30 26 19 20
Thailand 331 294 169
Laos 325 192
Cambodia 205
aSpecies identified for the Mekong basin ecosystem in each country

http://www.fishbase.org
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(Sumrall 2009). The Vietnam Forum of Environmental Journalists (www.vfej.vn/en), 
founded in 1998 with a mission to “motivate and assist Vietnamese environmental 
journalists to actively contribute to environmental protection for sustainable devel-
opment through journalism activities,” is also an important organization in aggre-
gating and sharing environmental information and impacts in Vietnam. In general, 
however, VNGOs have not used either the local or international media effectively 
in highlighting successful environmental interventions, situations needing atten-
tion, or in offering solutions. There does however seem to be a positive trend in 
some areas. For example, a 2006–2009 survey of print and broadcast media in 
Vietnam (Pham Huy Dung 2009) shows VNGOs to be an increasing source, as well 
as the second most important source of media information for climate change.

The limited access to local and international information, weak thrust in 
 advocacy, and limited media use significantly limit the impact of VNGO work and 
represent a serious imbalance in VNGO activity and impact in Vietnam. Most effort 
continues to be limited to local fieldwork, with much less on using communication 
tools to spread success stories and solutions and to document practices that have not 
worked. Opportunities to provide guidance, inspire communities that have over-
come environmental threats, motivate others that need similar benefits, and facili-
tate future collaboration are being lost.

2.9  Conclusion

Objective conditions require that environmental solutions in the Mekong delta incor-
porate international action. The driving forces include increasing foreign investment 
and markets for products that drive the delta’s economy; legal obligations under 
international agreements on the environment; the presence of sites of international 
biodiversity significance in the delta; Vietnam’s position downstream from riparian 
country use of the Mekong River; and the need for international technologies to 
restore the delta’s environment. The situation Vietnam faces in the delta due to the 
changing global climate also requires international advocacy and diplomacy in order 
to secure support for a climate-change mitigation and adaptation campaign.

The rate of environmental change and the limited effectiveness of centralized 
and top-down restoration point to the need for new forms of collaboration and 
partnerships. Despite incomplete and variable information quality, there are enough 
indications in Vietnam of a trajectory of progress and the increasing potential of 
organized civil society to be effective and work with the government and private 
sector. VNGOs and local community organizations can lead, partner, and support 
actions to address environmental challenges in the Mekong delta. INGOs can con-
tinue to play important roles in bringing international linkages, perspective and 
advocacy; facilitating application of advances in science; and capacity building of 
individuals and organizations. At the same time, there is much work to be done in 
improving transparency, accountability, staff technical capacities, and the adminis-
trative framework under which VNGOs and INGOs operate. In terms of capacities, 

http://www.vfej.vn/en
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there is a widening range of technical skills needed to match new forms of  knowledge 
and technology, as well as soft skills in relationship building, communication, and 
advocacy. It is unlikely that any one organization will have all the skills, so the need 
for active networks, partnerships, and flexible use of services will increase.

Effective programs will need a combination of traditional tools and new 
approaches that match the scales and stresses, span governments and the interna-
tional private sector, and are both voluntary and regulatory. Despite the progress 
and potential of VNGOs to participate effectively from the central government to 
the community household level, VNGOs have human, financial, and logistical lim-
its. Goals need to be redefined so that communities are not permanently dependent 
on organizations based in the main urban areas and so that local communities can 
be guided to self-organize, learn from, and guide other communities. Lastly, “suc-
cess” cannot be viewed as temporary environmental restoration in individual local 
sites, no matter how spectacular results may appear, but as permanent, environmen-
tal restoration embraced by affected communities across Vietnam and supported by 
institutional and management change and regulatory enforcement.
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Historians and many other writers have widely acknowledged the political 
 importance of flood control and land reclamation in river deltas. Whether one is 
considering ancient dikes on the Red River near Hanoi – works first planned 
1,000 years ago by Emperor Ly Thai To following the hoof prints of a magical 
white horse – or modern levees on the Mississippi River in New Orleans – works 
built by U.S. Army Corps of Engineers following a mantra of rationalization and 
efficiency – the importance of these works to the states that maintain them is clear. 
The fortunes of Vietnamese emperors and American presidents have risen and 
fallen with the successes and failures of flood control. With the global spread of 
environmentalist movements and increasing concerns, especially in river deltas, 
about rising sea levels, political debates about building or maintaining infrastruc-
ture have become more complicated with concerns about environmental impacts.

There is another factor that has gained limited acknowledgment in these debates 
about the future of hydraulic infrastructure projects, and that is the historical one. 
Engineers and policymakers, even when faced with opportunities to start fresh and 
abandon troubled or failing projects, often choose to rebuild and patch up the old 
structures. American historian of technology Theodore Porter (1995) might suggest 
that powerful engineering bureaucracies such as the Army Corps of Engineers are 
keen to protect their status in government by continuing the same kinds of expen-
sive, high-tech solutions that require their continued services. Engineers often do 
think historically to the extent that they spend considerable effort studying past 
surveys and historic data accumulated at a project site. Some have even become so 
fascinated by their sites that they take up the pen to write history. For example, the 
Vietnamese writer Nguyen Hien Le (1971), who wrote one of the first modern 
histories of Đồng Tháp (Plain of Reeds), traveled the Mekong Delta as a surveyor 
with the colonial-era Department of Public Works. Historic infrastructure, even 
failing infrastructure, often carries with it powerful cultural associations to the 
 current state – thus prohibiting abandonment. River deltas, with their tendency to 

Chapter 3
Fixing the Delta: History and the Politics  
of Hydraulic Infrastructure Development  
and Conservation in the Mekong Delta

David Biggs

M.A. Stewart and P.A. Coclanis (eds.), Environmental Change and Agricultural 
Sustainability in the Mekong Delta, Advances in Global Change Research 45,
DOI 10.1007/978-94-007-0934-8_3, © Springer Science+Business Media B.V. 2011

D. Biggs (*) 
Department of History, University of California at Riverside 
e-mail: dbiggs@ucr.edu



36 D. Biggs

flood, continually threaten to undo such works. Like palimpsests, the seemingly 
blank, muddy surfaces of a delta often hide all but a faint trace of older canals, 
roads, and levees that have almost vanished. States often spend great sums to 
 prevent their roads, canals, bridges, and monuments from disappearing, too.

With major changes in governance of the Mekong Delta region over the past 
100 years, decision-makers continue to struggle not only with the economic and 
political dimensions of flood control but also with the lack of historical continuity 
in governance over 20 years. This chapter argues that fixing such problems as 
degraded waterways or disappearing wetlands requires not only solving technical 
issues at hand but also adapting fixes to fit the historical reality of a given place. 
How might historians contribute to sustainable development? They can play a role 
in expanding knowledge of the environmental and engineering past surrounding 
specific projects and places. By providing more access for readers and contempo-
rary development specialists into the engineering archives, local histories, and state 
records, historians can aid in contextualizing contemporary issues, possibly even 
shaping the debate. The following three sections each examine a site in the Mekong 
Delta where different debates have emerged about how to fix them. There is some 
play, too, with the word “fix” to mean both an action to “repair or improve” a site 
and an action to “place or anchor” something more permanently.

3.1  Fixing the Border: Vinh Te Canal

One of the challenges, especially for Vietnam, has been managing the long inter-
national border with Cambodia that stretches a few hundred kilometers across the 
Dong Thap and Long Xuyen flood plains. In the fall when the Mekong floods, 
much of this territory is under a few meters of water; and since the border was first 
established in 1757, many people have crossed it with little regard for issues of 
sovereignty. Roughly, a fifth of the delta’s area, about a million hectares, lies inside 
Cambodia; and every year tens of thousands of fishermen, merchants, Theravadan 
Buddhists, ethnic Vietnamese, ethnic Cambodians, and ethnic Chinese make pil-
grimages to see family in both directions. The permeable nature of this invisible 
border and the ties that bind people across it have plagued governments intent on 
controlling smugglers and others who cross it. Waterways and levees constructed 
along this border thus represent an effort to more permanently fix the geopolitical 
boundaries between Vietnam and Cambodia.

In 1818, the Vietnamese King Gia Long made the first effort to fix this border 
in the landscape with a massive border canal project. He ordered General Nguyen 
Van Thoai to build a canal connecting the Hau Giang River with the Gulf of Siam 
to move Nguyen forces quickly to the gulf coast if needed and seal the border from 
potential Siamese incursions. The general assembled a work force of some 5,000 
laborers and spent about 5 years building the waterway (Nguyen 1972, p. 159). The 
construction was repeatedly challenged, by Khmer workers who worried about los-
ing land to Vietnamese settlers and by stagnant water that contributed to about 800 
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deaths from disease. The general, upon completion of the project, received a 
promotion to “Jade Marquis” (ngoc hau); and his wife, Ms. Chau Thi Te, was 
honored for her aid to the sick by having the canal named after her.

From the beginning, as a hydraulic and defensive work, the Vinh Te Canal was 
troubled. Le Van Khoi, the adopted son of the southern viceroy Le Van Duyet, 
started a secessionist rebellion in 1832 and invited Siamese forces to help him 
fight the Nguyen. Siamese naval ships entered Vinh Te Canal from the Gulf and 
quickly built camps along the Vinh Te Canal. They overtook Vietnamese forces 
garrisoned at Phnom Penh and much of the western delta region until 1845 (Son 
Nam 1988, p. 9). One of the vestiges from the Siamese occupation, so locals claim, 
is a species of Cambodian coconut tree called thot not (Khmer th’not) that pro-
duces a fruit fermented into a kind of beer that is still popular in the Cambodian 
countryside.

Not long after the Siamese left, the French arrived with steam-powered, ironclad 
gunboats. Their first attacks in the delta commenced in 1860 with major naval 
battles in the eastern delta in 1862. By 1868, the western region around Vinh Te 
Canal had turned into a dangerous harbor for groups organizing raids on French 
outposts, some led by veterans of the Nguyen Army. As the admiral-governors 
consolidated their hold on the Mekong Delta in the 1870s, they commenced surveys 
to map out canals, roads, and even railroads. However, they left Vinh Te Canal 
alone. The canal’s course continued to deteriorate through the last decades of the 
nineteenth century, and the colonial regime focused more on building roads and 
railroads in Cambodia and Vietnam than fixing waterways that tended to be clogged 
with local traffic (Edwards 2006; Biggs 2011, 35–37). A naval hydrographer, 
Jacques Renaud, surveyed the canal in 1879 and made a strong case for re-dredging 
it to bring that region of the delta back economically to the regional trading center 
it had been in the late 1700s (Rénaud 1879). However, with Cambodia as a French 
protectorate in 1884, the colonial government had much less concern with sealing 
the border as had the Nguyen. Renaud argued unpersuasively for the government to 
“continue that work of civilization begun by the Vietnamese.” (Rénaud 1879) 
Rather than spend great sums to build a more permanent marker of the political 
border, the colonial government left its topographers to choose any available solid 
points – not always easy to find in a river delta – and draft invisible lines across the 
flooded plains to signify an intercolonial border with little immediate importance.

This problem of the delta’s border, however, returned violently in the postcolo-
nial era. Fighting from 1945 to 1954 produced many conflicts on the border as not 
only the Viet Minh and the French forces clashed, but also over a million followers 
of a millenarian Buddhist political-religious group, Hoa Hao, organized their 
zones of control in the border area. With Cambodian King Sihanouk’s determina-
tion of Cambodian neutrality in 1958, the Viet Minh found more sanctuaries on 
the Cambodian side of the border while groups loyal to the Republic of Vietnam 
(RVN) sought refuge inside Vietnamese territory. American advisors tried unsuc-
cessfully to prevent smuggling and movement of resistance fighters across the 
invisible border. Nicholas Sellers, an American army captain serving in Ha Tien 
in 1967–1968, notes in the introduction of his historical work the frustration he 
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found in patrolling this porous area (Sellers 1983). The Vinh Te Canal by 1968 had 
become another important crossing for land-based and water-based transport of 
goods through the port at Kampot or from the mountains north of Tay Ninh. After 
the 1968 Tet Offensive, the top American naval commander in Vietnam, Admiral 
Zumwalt, resolved to halt the traffic across the Cambodian frontier. Operation 
SEALORDS (Southeast Asia Lakes, Oceans, Rivers, Deltas Strategy) commenced 
with intensive aerial bombing of National Liberation Front bases as well as inter-
diction missions along the borders, including Vinh Te Canal. It was relatively 
short-lived on the border, and NLF traffic resumed shortly after the campaign 
ended (McQuilkin 1997).

After the American war ended in 1975, violent incidents soon erupted again on 
the Vinh Te Canal. The Khmer Rouge forces, in 1977, massacred over 3,000 ethnic 
Vietnamese villagers at Ba Chuc living several kilometers from the canal. This 
action, combined with attacks across the border in other locations prompted the 
Vietnamese to seize Phnom Penh and occupy Cambodia in 1978–1979. That occu-
pation lasted until 1989 with the Paris Agreements commencing in September and 
concluding in October 1991.

With sustained peace after 1989 and Vietnam’s economic resurgence after the 
doi moi reforms set in 1986, work re-dredging Vinh Te Canal commenced in 1998 
as part of the national government’s region-wide plan to improve irrigation, trans-
port, and agriculture in the delta (Socialist Republic of Vietnam 1996). I first trav-
eled along the banks of the Vinh Te Canal in 2000 and found the waterway and 
more so its embankments buzzing with activity. The old road that ran from Chau 
Doc to Tinh Bien Border Crossing was being elevated on a much higher levee as 
well as paved and widened to accept container trucks and tourist buses. Barges with 
diggers mounted on them proceeded to excavate the canal channel and repair the 
banks with the fill. Anyone traveling in the Mekong Delta today will likely confirm 
that these roadways have in most cases overtaken the canals as the prime conduits 
for passenger traffic and commerce in consumer goods. Meanwhile, waterways 
such as Vinh Te Canal still look much the same as they likely did in 1823 or 1879. 
Boat traffic is limited to shallow-bottom junks, fishing boats, and barges.

With the roadwork and renewed attention on the border in peacetime, the 
Southern Institute of Social Sciences and Humanities convened a conference on 
Vinh Te in 1999 that drew some press attention. Reports and news articles on this 
gathering of eminent national historians highlighted the canal’s important role in 
the nineteenth century for protecting the border. Old historical sites including the 
tomb of General Thoai and his wife Ms. Te were visited, and historical sources 
describing Vietnamese claims to the area were explained.

Thus the history of the Vinh Te Canal offers a good example of fixing not so 
much hydraulic problems in the landscape but claims to sovereignty. A series of 
high floods that struck the delta in 2000 and 2001 have likely filled in much of the 
re-dredged channel, but the roadway remains a vital link for international com-
merce. The historical conference and more intense investment in the border region 
since 2000 suggests that in the long run, solving hydrological problems here may 
be less important than in other, more agriculturally productive areas.
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3.2  Fixing Colonial Mistakes: Phung Hiep

Today, the seven-way canal intersection of Phung Hiep is a destination for  boatloads 
of tourists who come to see its floating market, a sprawling cluster of boats selling 
all manner of vegetables and fruits from their decks. Like many towns in the region 
south of the Hau Giang River, Phung Hiep sprang up in response to the colonial-era 
dredging campaigns that brought several million migrants into newly drained flood 
plains. One of the main canals leading here, Lai Hieu Canal, was started in 1906 
and allegedly followed along an “elephant road” (duong tuong) cut by migrating 
herds of elephants over the centuries. It was a transverse canal, meaning that it 
traversed a bowl-shaped floodplain and connected the strong-flowing Hau Giang 
River with the smaller Cai Lon River that drains into the Gulf of Siam rather than 
the South China Sea. Such canals aided the cutting of vast freshwater mangrove 
forests and the establishment of rice paddy, but they also complicated the tidal flux 
so essential for rice cultivation by connecting two different tidal influences coming 
from the South China Sea and the Gulf of Siam.

Several earlier projects further upstream on the Hau Giang River (Thot Not and 
Xa No Canals) had met with relatively little local resistance, but when colonial 
engineers connected the Lai Hieu Canal to an existing canal intersection at Phung 
Hiep they met a very different situation. Measurements of both the volume of water 
passing through this intersection and the relative heights of the different waterways 
were inaccurate. Instead of bringing water from the Hau Giang through the new 
lands and draining through the Cai Lon River, the new canal caused water to fill up 
the shallow bowl-like depression of lands that had already been cultivated. One of 
the largest landowners in this area, a Vietnamese woman who had inherited a plan-
tation when her French husband died, brought a massive lawsuit against the colony 
seeking damages. Her metis son Henri, educated in France and living in Saigon, 
sought the help of a Paris lawyer, and the case reached the high court in Hanoi 
(Vietnam National Archives #2 [VNA2] 1911). After a lengthy court case and much 
race-based criticism of the Vietnamese heiress and her mixed-race son, the courts 
eventually sided with the Department of Public Works (DPW). The chief engineer 
of the DPW argued that local authorities had not carried out additional works 
 correctly, thus causing the flooding (VNA2 1912).

In an attempt to open new areas to colonization and remedy the localized flood-
ing, the colonial government initiated one of the longest transverse canals running 
from Phung Hiep to Ca Mau, the Quan Lo – Phung Hiep Canal. This canal, com-
pleted in 1918, produced the seventh and final opening at Phung Hiep and did miti-
gate some of the flooding on other canals. However, it also shifted the flooding 
problem to new areas, especially the terminus in the Ca Mau Peninsula. Agricultural 
engineers, writing in 1942 about the colonial canal-building efforts, noted huge 
pools of stagnant water that formed around Ca Mau, perfect breeding grounds for 
mosquitoes and moths (VNA2 1949).

Much like other modern canalization schemes underway in the world at that 
time, engineers had a lot of sway in government and with business leaders, but they 
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often struggled to get the hydrology right. Recognition of problems in surveying 
altitude in the Mekong Delta led to a new survey in 1911. The military topographer 
assigned to the job noted in his introduction:

In Cochinchina, where there are immense areas without a single solid structure, without 
masonry, without any rock, it is not possible to produce benchmarks even close to the 
network of Europe (Régnier 1911, pp. 12–13).

In many areas, surveyors used the corners of stone tombs and the brick foundations 
of village communal houses for reference points, knowing full well that often the 
heavy structures could sink into the soft clay foundation below.

Perhaps the greatest evidence that public works engineers had miscalculated 
flows and heights in the Phung Hiep area came after the Great Depression and dur-
ing the Japanese Occupation (1941–1945) when the budgets for waterway mainte-
nance was severely limited. Many areas silted up and even prevented deeper draft 
French boats from passing. With the French War commencing in 1946 and a block-
ade placed on the Transbassac (Hau Giang) in 1950, substantial changes to these 
canals were impossible in some areas for another 30 years.

Rather than redesign the waterway system, the colonial government, starting the 
late 1930s, embarked upon a “Dutch dike strategy” for flood control that has had 
long-term consequences extending to the present day. Rather than figure out ways 
to drain water from agricultural areas, the government instead experimented with 
building encircling flood dikes or polders (casiers) that would at least protect lands 
inside. Doing this then require mechanical pumping equipment to insure adequate 
water levels. This strategy was especially popular in the western areas of Hau Giang 
near Long Xuyen (Service du Génie Rural 1943). Since the 1950s, this strategy has 
resulted in widespread adoption of both large-scale water pumping stations by pro-
vincial and state authorities as well as individually operated motor pumps owned 
by farmers. During the American War, big contracts went to Asian firms such as 
Nippon Koei to construct saltwater intrusion barriers and maintain these flood dikes 
(Nippon Koei 1966).

After 1975, the Socialist Republic of Vietnam, while free to improve the delta’s 
hydraulic infrastructure without the threat of war, has been limited in its options for 
straying from the “Dutch dike strategy” in areas such as Phung Hiep and Ca Mau. 
Electricity and diesel as well as pumping machinery are cheap enough to permit 
total reliance on mechanical means to maintain water levels in local sections of the 
water grid. Also, since the 1990s the central government in Hanoi has sought to 
divest itself of fiscal responsibility for maintaining many secondary and tertiary 
waterways by shifting the burden onto local municipalities and rural districts. Thus 
while there is steady talk about a master plan for developing the delta, there is little 
evidence that any significant concerted efforts at managing water regionally have 
succeeded (World Bank 1999).

Thus, the seven-way intersection (nga bay) at Phung Hiep, while largely a result 
of French engineering mistakes in the early twentieth century, shows little sign of 
disappearing today. Today, the crossroads is a thriving town (now called Nga Bay) 
and tourist site in the lower delta landscape. As with other urban or industrial sites, 
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it depends upon mechanical pumping to prevent floods, saltwater intrusion, and to 
keep water flowing during droughts. Fixing colonial-era mistakes since 1945 has 
involved not only bringing in large-scale technological solutions such as polders 
and pumping stations but also small-scale technology such as motorized pumps.

3.3  Fixing Forests: U Minh

Finally, a very different kind of hydraulic fix is involved for the remaining bits of 
peat swamp and mangrove forest located in the Ca Mau Peninsula at a site called 
U Minh. Since the 1930s, this dense, swampy forest was famous as a refuge for 
Vietnamese nationalists fleeing the French secret police. Such leaders as Vo Van 
Kiet (prime minister of Vietnam in the 1980s–1990s) helped establish Communist 
Party cells in the forest; and during the French War, the Viet Minh’s Ninth Military 
Region was headquartered here. Throughout most of the colonial era, the govern-
ment mainly considered plans to excavate the peat and clear the land of the twisted, 
gnarled trunks of cajeput (Malaleuca cajuputi). Cajeput had little value as furniture 
wood, but it provided the main source of charcoal used to stoke the boilers of 
steamboats, trains, and electric power plants. These “charcoal forests” also supplied 
delta inhabitants with cooking fuel long before gas stoves were available. (Even 
today, one can visit delta markets and find cajeput charcoal sold for use in cooking.) 
While the colonial forest service did mount concern about rapid deforestation of 
upland forests, it was mainly interested in cajeput forests for the lost taxes from 
unregistered cutting. The volume of cut wood from the delta averaged 2.5 million 
cubic meters per year from 1880 to 1904 with approximately 5,000 ha of forest land 
cleared each year (VNA2 1904). The distant forests of the Ca Mau Peninsula were 
the last remaining stands in the Mekong Delta, and by 1940 they had become base 
areas for Vietnamese nationalists.

Concern with preserving the mangrove forests only appeared in government 
reports in the 1940s as agricultural engineers (not civil engineers), seeing the havoc 
brought by canals and unregulated cutting, argued for preserving the forests to 
sustain freshwater levels and thus the nearby fields. The deep layers of peat acted 
as a sponge and held water during the dry season. However, it is difficult to separate 
the sudden colonial concern in the 1940s for preserving the forest with concerns 
emerging at the same time in Saigon about a growing Vietnamese resistance based 
there. After the end of the French War in 1954, the Republic of Vietnam (RVN) 
commenced projects to resettle thousands of army veterans around the forest to 
wrest control of the region from the Viet Minh who had controlled it since 1946. 
The RVN initiated plans to create forest preserves from the remaining freshwater 
and saltwater mangroves. A former colonial rural engineer, Jammé, visited the site 
as a consultant and wrote a report imploring the government to stop digging canals 
around the forest as they were causing deterioration of the peat soils and sure to 
lead to salt intrusion in the dry season (VNA2 1957).
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However, as the American War reached U Minh in late 1968, any concern for 
the ecological or hydrological stability of this forest was sacrificed to military 
operations. After the 1968 Tet Offensive, the U.S. Military Assistance Command 
ramped up its efforts to destroy sanctuaries for the National Liberation Front 
including the bases in U Minh. The SEALORDS strategy mentioned above 
included several amphibious invasions into the forest as well a series of bombing 
strikes from B52s. Defoliants such as Agent Orange were also dropped on select 
sites within the forest, and these chemicals did what repeat incendiary bombing 
could not by killing large tracts of the forest (McQuilkin 1997; Biggs 2005).

This dual political and environmental history of U Minh as a “cradle of the revolu-
tion” (noi cach mang) and the last vestige of a freshwater mangrove and peat swamp 
ecosystem (severely compromised by war) has presented many challenges to conser-
vationists in the postwar era. Immediately after the war, one of the base areas adjacent 
to the forest was converted into a prison while many adjacent parcels of land were 
distributed to revolutionary war veterans, many of whom had suffered through the 
terrible fighting and sought to establish new lives in Ca Mau after 1975 rather than 
return home. By 1990, the pressure of settlers cutting down remaining stands of trees 
and establishing farms or shrimp ponds led Prime Minister Vo Van Kiet, a veteran of 
the area, to decree the upper portion of U Minh as a forest reserve (BirdLife 1999,  
p. 3). The National Assembly elevated it to a National Park several years later. 
However, in the spring dry season of 2002, approximately 2,700 ha of the park burned 
down in a fire that ignited the peat soils and burned for several weeks. Several thou-
sand firefighters had to pump in salt water from the coast to finally douse the flames.

In the postmortem reports and news articles, the blame for the fires spread to 
almost every group. The first to receive it were the predominantly ethnic Khmer 
inhabitants who continued to hunt for honey, using low smoldering fires to smoke 
the hives. International NGOs tended to blame farmers whose use of motor pumps 
and ground wells had caused the water table to lower. While the water table in areas 
surrounding U Minh was certainly low, the park was protected by an encircling dike 
that maintained higher water levels inside – a twist on the polder scheme mentioned 
above. Its largely speculation what was the main cause for the peat to dry out. 
Perhaps park officials intentionally lowered the water for some reason? Perhaps 
water leached out naturally through the porous peat to lower levels outside? Most 
likely, some combination of these causes helped the fire to ignite then to spread 
(Center for International Disaster Information 2002).

State forestry agencies have managed to reforest large areas of the burned forest, 
but really “fixing” this ecosystem as a peat swamp, freshwater mangrove forest 
remains an elusive goal. Besides the economic pressures on the land and the com-
peting uses of it, one of the biggest problems remains that until perhaps the last few 
years popular views of cajeput remain focused on it as a common commodity, a 
rot-proof construction timber, and a source of charcoal for cooking fuel. Only since 
the mid-1990s has anyone suggested anything different. Furthermore, with over a 
century of colonial-era neglect and the wars that followed, there is no significant 
historical precedent for wetland forest conservation. More so than most wetlands, 
the forests in the Mekong Delta were subjected not only to burning and cutting but 
also bombing and chemical defoliation.
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3.4  Conclusion

Each of the three examples given above demonstrates one thing in common: 
Agencies responsible for repairing, upgrading, or conserving a given landscape 
rarely work only to maximize environmental gains. Instead, the motives that often 
prompt officials to act may have their roots in symbolic gestures (declaring sover-
eignty), constructive gestures (creating technologically enhanced, built environ-
ments), or commemorative gestures (recognizing the sacrifices of a war-torn past). 
This is not only the case in the Mekong River but in most wetland environments 
today from the Mississippi to the Red River (Vietnam) to the Colorado, the Yangtze, 
and the Nile. It is much more the norm that political or business concerns trump 
environmental or conservationist ones. However, the threat of rising sea levels, 
prolonged droughts, and major modifications to water flow in the rivers that drive 
the creation and sustenance of river deltas means that stakeholders may have to act 
differently in the future. Failure to respond to environmental challenges may mean 
disastrous flooding, as in the case of New Orleans, significantly higher costs to 
maintain infrastructure, and continued loss of biodiversity in protected areas. 
Taking the historical perspective into greater account and recognizing why certain 
interests top environmental ones is an important first step in the work of developing 
new ways to fix past problems in the Mekong Delta.
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Abstract The history of water management in the Red River Delta presents a stark 
contrast with the Mekong Delta. While the latter was an ancient site of contact 
between the Khmer, Siamese, Malay, Chinese, Chăm, and Vietnamese popula-
tions, its large-scale hydraulics planning are of relatively recent date, having been 
initiated during the seventeenth century under the Nguyễn lords. In the Red River 
Delta, the conquest and development of the territory is intimately related to the his-
tory of water management, as well as to the hydrographical network which shaped 
it through a long process of alluvial deposit. The basic need for self-protection 
against the river’s violent floods is a constant feature of the ancient past and the 
modern period in Vietnam’s history and largely contributed to the structuring of 
relations between the state and the peasantry.

This chapter’s aim is to present several important features of the history of 
hydraulics policy implemented in the northern delta during the nineteenth century 
by the Nguyễn dynasty, drawn from one principal documentary source, the impe-
rial annals. Indeed, it was in the nineteenth century that the most concerted efforts 
were made, to such an extent that on the eve of the colonial intervention, the con-
struction of the Red River Delta’s dike system was complete. This unprecedented 
investment should not mask, however, the instability and ambiguity of the hydrau-
lics policy implemented by this dynasty’s successive emperors; this was illustrated 
by discontinuity in the administration and management of the dikes and alternat-
ing periods of state involvement and withdrawal, whereby part of its prerogatives 
was abandoned to peasant communities. Looking beyond this contrasting conclu-
sion, we may consider that the Nguyễn dynasty played a key role in the area of 
water management, establishing the foundations for a modern and rational system 
in the delta.
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The history of development of the Red River Delta contrasts sharply with equivalent 
development in the Mekong Delta. Although the Southern Delta has long been a 
meeting place for the Khmer, Siamese, Malay, Chinese, Chăm, and Vietnamese 
people and was home to the former kingdom of Funan (site of Ốc Eo), famed for 
its skill in water management; the process of large-scale hydraulics development is 
relatively recent and was instigated in the seventeenth century under the leadership 
of the Nguyễn lords. With the establishment of the dynasty of the same name at the 
beginning of the nineteenth century, colonization intensified through the foundation 
of villages and citadels and the digging of canals for purposes of irrigation, trade, 
and defense, thus asserting the irrevocable status of the southern regions as part of 
the newly-reunified Vietnamese national territory. This continued until the coun-
try’s division into two independent entities (1954). In fact, the ultimate stage of the 
conquest of the Mekong basin was organized by the French colonizers. In counter-
point to the absolute priority given to building dykes in the North, land reclamation 
in the South depended upon draining and desalinating vast tracts of land by digging 
a dense network of canals drawing off water into the sea. It is therefore this lattice-
work of primary canals, linked directly to the rivers, that shapes the contours of the 
“hydraulic land subdivisions” (cashiers hydrauliques) into as many independent 
units, from the perspectives of irrigation and drainage. Finally, in the Mekong Delta 
human activity is entirely focused on the river or the canals, and historically 
evolved along the waterways, a distinctive feature of the regional culture that 
inspired the writer Sơn  Nam’s expression “river civilization” (văn minh sông nước) 
to describe this multiethnic society (Sơn Nam 1970).

In the Northern Delta, dyke-building was the response adopted since the beginning 
of the Christian era by the Viet people to protect themselves from violent river floods, 
particularly those from the Red River. This uninterrupted process of  building and 
strengthening a network of ever-more complex dykes had two main consequences. 
First, it determined how rural areas were organized. Villages grew up on the occa-
sional outcrops rising above the Delta, protected by dykes, in a closed system where 
almost the only people having direct dealings with the rivers were specialized guilds, 
in particular those of boatmen (river transport) and fishermen. Second, this process 
contributed greatly toward structuring the relationship between the state and the rural 
population, if only because in this almost exclusively rural country, agricultural pro-
duction represented the largest source of the imperial state’s revenue through the 
taxing of peasant farmers and land. For centuries, the state was therefore obliged to 
devote efforts toward protecting this source of income, one that was indispensable to 
its very existence. This occurred in a region noted for its chronic agricultural insecu-
rity, where the threat of drought hanging over crops harvested in the 5th month gave 
way to the risk of rapid rises in water levels and floods spelling the destruction of 
crops normally harvested in the 10th month. This accounts for a central characteristic 
of the Delta. It is a vast alluvial plain (14,700 km2), long paralyzed in its development 
by human intervention. The dyking up of the two main fluvial systems, the Thái Bình 
and Red River (Map 4.1), has for centuries immobilized irregularities in the topo-
graphical relief that were only temporary and that the natural spreading action of 
floodwaters would have progressively smoothed out if the rivers were not contained 
within a network of more than 2,000 km of dykes.
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The Thái Bình River, which flows into the northeast of the Delta, does so at a 
powerful but regular rate. The system it comprises with its tributaries and distribu-
taries typically experiences manageable changes in water level, easily contained by 
its network of dykes. The Red River system is quite the opposite. When it bursts its 
banks, swollen by the waters of its major confluents (Sông Đà and Sông Lô), it does 
so with unusual violence and causes devastating flooding. But the river has also 
been the principal architect of the Delta and its prime provider of fertility, thanks to 
the considerable mass of sediment deposited over the centuries. The depth of the 
accumulated layer reaches several tens of meters.1 Its rate of flow, which can rise 
to 28,000 m3/s in times of flooding, elevates the river’s water level enormously, 
leaving it literally perched up above the plain. In this configuration, the dykes that 
confine the river normally prevent the floodwaters from spreading beyond the ele-
vated riverbanks. In concrete terms, during the dry season in winter, the river’s 
average low-water level is about 2.50 m above sea level. As soon as the rainy season 
begins (June–October), the level rises rapidly and can reach 10 m in a few days. 
The elevation of the capital’s historic center is 5 m; Hanoi can therefore be at the 
river’s mercy for the entire rainy season. This seasonal threat is a reality for the 
majority of human settlements and land in the Delta, with the exception of the 
higher-standing area in the northwest.

1 The quantity of sediment carried by the Red River, estimated at 130 million metric tons per year, 
puts this river in eighth place worldwide in terms of solid matter carried, coupled with a rate of 
flow that does not make it a major river (Béthemont 2000).

Map 4.1 Two main fluvial systems: Red River and Thái Bình River (Source: Atlas Bac Hung 
Hai, GRET-INSA-UCL)
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Fig. 4.1 Flood in Hanoi, 1926 (Source: Photography Library EFEO, funds Vietnam, ref. VIE04098) 

It follows that in this exclusively rural country, one of the fundamental  obligations 
of the imperial power was to protect the population and the crops in order to guar-
antee and increase the volume of agricultural taxation. This requirement necessitated 
a ceaseless struggle against flooding. Between 1803 and 1861, the imperial annals 
recorded 27 major floods in the Red River Delta or almost one every 2 years, bearing 
in mind that every year breaches in dykes occurred locally, causing flooding of lesser 
importance. As an example, during the flood of 1830, the dykes protecting Thăng 
Long – Hanoi were breached over several hundreds of meters, letting the river flow 
so far into the town that it flooded the citadel. 1,000 soldiers were mobilized to try 
and hold back the waters.2 Although imperial  historiographical sources record crops 
being destroyed and famines brought about by these floods, they do not offer any 
statistical evaluation. Records kept during the colonial period make it possible to 
measure their scale a posteriori. During the floods of 1913, about 30 local breaches 
caused damage to about 100,000 ha of paddy fields where the crop was completely 
ruined, a loss of at least 150,000 metric tons of paddy (Brénier 1914). The severe 
flooding of 1915 caused 48 breaches in dykes alone. Half of the waters flowing 
down the Red River poured out onto the plain, flooding 365,000 ha or a quarter of 
the Delta’s total area (Figs. 4.1 and 4.2).

2  Đại Nam Thực Lục, t. III, q. 70 (2007: 112–113).
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In this context, the aim of this chapter is to examine the hydraulic policy 
 implemented in the Red River Delta by successive emperors of the Nguyễn dynasty 
(1802–1945) until 1882, the beginning of French colonization in Tonkin. Despite 
doubts raised by the continuation of costly dyking efforts that did not even 
 guarantee satisfactory protection against floods and the changes of direction that 
were a characteristic feature of imperial policy, we will attempt to demonstrate that 
the emperors of this dynasty were in certain aspects precursors in the domain of 
water management and established the basis for the integrated development of the 
Red River Delta.

4.1  The Nguyễn Dynasty: Working Toward a Fully-Dyked  
Red River Delta

In Vietnam, as in China, building and maintaining dykes was one of the Emperor’s 
exclusive privileges. The celestial mandate that bestowed “supreme authority,” that 
is to say, the legitimacy to command his fellows, called in return for the benevolent 
protection by the sovereign of his subjects. This political and symbolic dimension 
was reasserted during the Nam Giao sacrifice, a ceremony for worshipping the 
heavens, where “The Emperor seems to have made himself the representative and 
the messenger of his people: in the name of all, he prostrates himself, presents 
offerings, gives thanks, makes requests” (Cadière 1992, 85). As one who can 

Fig. 4.2 Flood in Bắc Ninh province, 1923 (Source: Photography Library EFEO, funds Vietnam, 
ref. VIE04108)
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 intercede between the earthly and the celestial worlds, he could therefore be held 
responsible for a breach in a dyke causing serious flooding, the people seeing in it 
a sign of Heaven’s disapproval regarding some of the sovereign’s actions. In paral-
lel with this request for divine assistance, realized every year during the “furrow-
opening ceremony” (lễ tịch điền or lễ hạ điền) that inaugurated the season of work 
in the fields, the need to protect the people and their crops also obliged the imperial 
power to get directly involved in hydraulic systems in an attempt to shield the 
 countryside from the river’s wrath.

Before the Nguyễn dynasty came to power, considerable efforts at hydraulic 
development of the Delta had already been made by the preceding dynasties, in 
particular the Trần  and the Lê.3 The Red River had thus been completely dyked 
from its entry into the Delta to its mouth since the thirteenth century. Every year, 
however, breached dykes and flooding affected entire provinces, frustrating the 
constant efforts of the rural population to ensure its subsistence. As for the other 
component of water management, irrigation, it must be acknowledged that initia-
tives taken since the fifteenth century by the imperial power had not brought about 
any notable improvements. No irrigation works drawing directly from the rivers 
were carried out before the nineteenth century.

Although the capital of the newly reunified country had been transferred to Huế 
in 1802, the first emperors of the Nguyễn dynasty proceeded to lavish special atten-
tion upon the socioeconomic recovery of the North of the country, on its knees after 
several decades of war and devastation. In order to demonstrate their power, they 
set themselves up as the instigators of major construction works, building roads, 
bridges and ports, as well as powerful citadels with Vauban-style fortifications in 
order to contain peasant revolts (Le Thanh Khoi 1992, 348–349). This was an ironic 
consequence of Nguyễn dynasty hegemony in the first half of the nineteenth 
 century: While the establishment of an absolute monarchy enabled the moderniza-
tion of infrastructure in the Red River Delta, the increased control exerted over the 
population by a widely-corrupt bureaucratic and mandarin administration bred 
growing discontent in the rural population that led, on several occasions, to 
rebellion.

In the field of hydraulics, the first Emperor Gia Long (1802–1819), then 
Emperors Minh Mạng (1820–1840), Thiệu Trị (1841–1847), and Tự Dức (1848–
1883) ordered major works aimed principally at managing the rises in the Red 
River’s water levels.

3 The first mention of dyke-building work following the long period of Chinese domination dates 
from the end of the eleventh century and is inscribed in A complete history of the Việt. In the 2nd 
month of 1108, King Nhân Tông of the Lý dynasty had a dyke built on the river bank at Cơ Xá 
Village near where Long Biên Bridge now stands (Việt Sử Cương mục Tiết Yếu 2000: 118). This 
first explicit reference does not necessarily mean that dykes had not been built in still more ancient 
times. Protective earthworks were present in the former provinces of Sơn Tây and Hưng Hóa since 
the beginning of the Christian era and were apparently the result of technology borrowed from 
China (Gourou 1936, 84).



514 Outline of the Process of Red River Hydraulics Development

According to the figures of the inspection carried out in 1829 by the chief 
 mandarin responsible for dykes (Đê chính), Lê Đại Cương; the total length of prin-
cipal dykes in the Red River Delta (counted in 739 communes (xã) belonging to 38 
subprefectures (huyện) of 5 provinces (tỉnh)) was 952 km (238,660 trượng), of 
which 144.5 km (36,127 trượng) were built in 26 years by the first two emperors 
of the dynasty.4 The efforts expended were such that P. Gourou judged that on the 
eve of colonization, the Red River Delta was completely enclosed, meaning that the 
network of dykes was almost as dense as that which he could observe at the begin-
ning of the 1930s (1936, 85). It stretched to nearly 2,000 km of principal dykes and 
2,000 km of secondary dykes (Map 4.2).

In spite of this impressive overall appraisal, the Nguyễn’s hydraulic policy 
involved several U-turns and discontinuities that highlighted the weight of unilat-
eral decisions taken by each of the emperors and the severe dysfunctions of the 
mandarin administration. Two aspects worthy of mention were at once causes and 
consequences of this situation.

4.1.1  First Aspect: Instability of the Administration of Dykes

In 1809, Emperor Gia Long reformed the administration of dykes and created a 
specialized central department placed under the authority of a mandarin of the 
Court, quan Đê chính ở Bắc Thành.5 Simultaneously, he enacted regulations 
structured into eight articles that dealt with the execution of works and their inspection, 
with the protection of constructions, and with the planning of future works associ-
ated with an assessment of their costs.6 Finally, just as with the code of the Lê 
emperors, Gia Long’s code made provisions for sentences up to and including the 
death penalty for any person guilty of “secretly breaching river dykes” – (Art. 395) 
and of “not acting in a timely manner and not repairing dykes” – (Art. 396),7 this last 
article echoing the main elements laid out in the code of the Lê emperors.

4 Đại Nam Thực Lục, t. II, q. 61 (2007, 892–893).
5 The Imperial City of Thăng Long was renamed Bắc Thành (City of the North) by Nguyễn Huệ 
(Quang Trung), first sovereign of the short-lived Tây Sơn dynasty (1788–1802); the city then took 
the name Hà Nội in 1831 within the context of the great nationwide administrative reform imple-
mented by Minh Mạng.
6 “Regulations on dykes for Bắc Thành are decreed. The King, placing great importance in the 
prevention of river floodwaters, requests city dignitaries to take counsel from previous experiences 
and Court dignitaries to consider the matter again and decides to decree regulations [articles 
 follow]” Đại Nam Thực Lục, t. I, q. 39 (2007, 764–765).
7 Art. 395: “Those who secretly breach river dykes (built by the state), will be punished with one 
hundred strokes of the trương [rattan cane]; those who secretly breach pond dykes or levees 
(belonging to individuals), will be punished with eighty strokes of the trương […].” Art. 396: “On 
any occasion where river dykes have not been (built up and) repaired (before damage occurs), or 
if (although repaired) they have not been restored in a timely manner, the officials and employees 
responsible for managing this service will be punished with fifty strokes of the trương […].” 
(Philastre 1876, 742–745).
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Despite this set of measures aimed at rationalizing the technical and human 
management of the dyke network, breaches and flooding continued apace under the 
reigns of Gia Long and Minh Mạng, with their share of deadly floods, famine, and 
peasant revolts. Every year or almost, from the sixth month onward, the Đại Nam 
Thực Lục made a grim inventory of more or less extreme calamities brought about 
by the violence of flooding or by drought, with the emperor granting emergency aid 
in the form of rice and money to the victims, along with total or partial exemptions 
from income tax. This was why, after the catastrophic floods of 1827, the Emperor 
gave orders as follows:

Bắc Thành [the North of the country] has experienced serious flooding, the dykes have 
given way in Sơn Tây, Sơn Nam, and Nam Định Provinces; houses and paddy fields are 

Map 4.2 Map of dykes in Red River delta, 1905 (Source: Gauthier, 1930:172)
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under water, and many people have drowned. The city dignitaries have sent people out all 
over the countryside to distribute aid to those affected and have reported back to me. […] 
I have read these reports of the deplorable situation of the flood victims; the assistance they 
have received is insufficient. I therefore command provincial mandarins to distribute fur-
ther aid. For every fatality, man, woman, child, or elderly person, there will be granted 3 
strings of sapeques (small denomination coins: quan tiền) to his or her family; if the person 
is very poor, he will be granted 2 strings of sapeques and 1 bushel of rice (phương gạo); if 
the person is poor, he will be granted 1 string of sapeques and 1 bushel of rice.8

Following these catastrophic floods, Minh Mạng issued, in the 8th year of his 
reign (1828), an order that removed responsibility for construction and upkeep of 
dykes from provincial mandarins accused of negligence and incompetence, bestow-
ing these tasks upon a specialized body of public servants. This text specified with 
precision the dimensions of the various categories of dykes, which had to be built 
up compared to the standard heights under Gia Long and indicated where they must 
pass; it also ordered that bamboos be planted at their bases and that each year 
before the floods, provision be made of baskets and bamboo in order to facilitate 
repairs; finally, it made provision for the construction at the confluence of the Red 
River with the Claire River (Sông Lô) of a temple to the water spirit. The following 
year, the Bắc Thành Dykes Service was founded, headed by a military mandarin, 
the Commander of provincial regiments, and a civil mandarin, the former Governor 
of Nam Định Province.9

But all this was to no avail. So Minh Mạng decided once again in 1833 to 
 completely reform the administration of dykes. He disbanded the specialized depart-
ment that he had created 6 years earlier and returned the administration of dykes 
to provincial mandarins who henceforth were responsible for the portion of river 
that crossed their respective territories.

Provinces are henceforth placed under the responsibility of a governor and mandarins of the 
prefecture charged with serving the interests of the people. Order is given to entrust public 
and private dykes to their competence […]. Since management of dykes is carried out by 
local mandarins, the abolition of the Dykes Service is under consideration. The Sovereign 
has consulted the Court authorities on this subject. The latter being unanimously in favor of 
abolition, the Emperor has therefore decided that this ruling should be applied.10

This complete reversal of policy was motivated by the following analysis. 
Evaluation showed that the specialized mandarins concentrated solely on construc-
tion of and repairs to the works, without concern for agricultural activities and, in 
particular, for the possibilities of setting up drainage or irrigation ditches.11

8 Đại Nam Thực Lục, t. II, q. 47 (2007, 648).
9 Đại Nam Thực Lục, t. II, q. 57 (2007, 812).
10 Đại Nam Thực Lục, t. III, q. 92 (2007, 536–537).
11 Extract from the text: “Abolition of the Bắc Kỳ dykes administration […] Building of dykes is 
aimed above all at protecting agricultural activities. For a long time, during the steep autumnal 
rises in water levels, the mandarins responsible for dykes concentrate solely on building and 
repairing earthworks without concern for agricultural activities […]. Despite this, local mandarins 
take the liberty of not reporting directly; a delay is therefore inevitable. Normally bad weather is 
enough to lead to material damage.” Đại Nam Thực Lục, t III, q. 92 (2007, 536).



54 O. Tessier

The floods of 1856 and 1857, which totally swamped 6 of the 11 Red River 
Delta provinces, called for a reaction from the Sovereign. In 1857 Emperor Tự Đức 
restored the dykes but without any noticeable improvement to the upkeep of unten-
ded hydraulic infrastructures. At the beginning of the second half of the nineteenth 
century, the country was in a permanent state of war, caused by an influx of thou-
sands of Chinese mercenaries and pirates (the famous Black Flag, Red Flag, and 
Yellow Flag) making incursions as far as the center of the Delta and by numerous 
rebellious movements rising up against imperial authority. The North of Vietnam 
was plunged into chaos, and its starving inhabitants deserted the countryside, as Tự 
Đức noted bitterly in a royal decree in 1859:

Our country has only indifferently fertile land. Only Hà Tĩnh, Nghệ An, Thanh Hóa and 
Ninh Bình Provinces can be considered relatively affluent. As for the people of the North, 
their loyalty leaves much to be desired. Sơn Tây, Bắc Ninth, Thái Nguyên, Lạng Sơn, Hưng 
Hóa, and Tuyên Quang Provinces, continually harassed by bandits and pirates, constantly 
echo to the clash of weapons... Our resources are now finished, the people are exhausted, 
finances are lacking, and the state treasury is empty.

From 1858 onward, the situation deteriorated still further with the French colo-
nial intervention, first in the center, then in the south of the country, which occupied 
all the attention of the Court in Huế. Consequently, the imperial annals barely make 
any more references to the question of hydraulic management in the North. All we 
know is that dyke servicing was once again dissolved in 1862 due to budgetary con-
straints. The position of “Special Envoy to the Emperor for the Inspection of Dykes” 
was created in 1876, but the position was eliminated two years later.

4.1.2  Second Aspect: Debate Over the Usefulness of Maintaining 
and Strengthening Dykes

This administrative and technical reorganization must be placed within the  context 
of a fundamental debate, whose terms were laid out as early as 1803 by Emperor Gia 
Long. He ordered the mandarins and inhabitants to discuss the usefulness of keeping 
the dykes or of leveling them off.12 As the network of dykes and  counter-dykes 
became ever denser, farmers and mandarins began to realize the hindrance that could 

12 Second year in the reign of Gia Long [1803], Autumn, 8th month: “The King orders mandarins 
and inhabitants of Bắc Thành to discuss the usefulness of earthworks. His orders are these: favor-
ing beneficial actions and abandoning harmful ones is the politician’s primary vocation. Previous 
and current experiences must be taken into judicious consideration. Districts located along the 
rivers in your locality have built dykes to ward off flooding. Yet the dykes are breached every time 
the water level rises; the paddy fields are swamped and human and animal losses occur. You, who 
were born or who work in these places, you understand the land and its people well. You are 
therefore called upon to express your opinion as to the usefulness of maintaining the dykes or of 
leveling them off. Any practicable initiative may be rewarded.” Đại Nam Thực Lục, t. I, q. 22 
(2007, 572–573).
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be caused to the irrigation and drainage of Delta paddy fields.13 They witnessed the 
distressing sight of the Red River flowing in full spate while the rice wilted away in 
the paddy fields. So it was that The Descriptive Geography of the Emperor Đồng 
Khánh (1888–1889) related, concerning Sơn Tây Province:

The earth and waters of low-lying districts are healthier, similar to those of the southeastern 
provinces. Heavy rains coming from the high ground in neighboring Hưng Hóa and Tuyên 
Quang Provinces arrive during the few weeks between summer and autumn; the rivers 
begin to flow very rapidly; the water level can reach 18 or 19 feet, while the crops, planted 
out on the other side of the dyke, are hit by drought.14

People began to wonder if it would not be wiser to simply remove these costly 
and dangerous constructions to let the waters of the major rivers spread out freely 
during the summer months over the whole Delta, like a slow and progressive flood 
and not a cataclysm. This would result in a high level of moisture that should solve 
the irrigation problem while increasing the fertility of the soil with alluvium depos-
its. In other words, the question was to determine whether the dykes were not a cure 
worse than the sickness they were supposed to treat.

It was certainly the case that after each major flood, the inhabitants of the 
 inundated regions demanded the removal of the dykes, for example, in 1804, 1825, 
1833, 1835, 1847, 1872, and 1879. The main reason motivating such demands was 
that when floodwaters breached an upriver stretch of dykes, the downriver sections 
remained intact and prevented the waters from receding when the river water level 
went down, thus eliminating any hope of a harvest (Pouyanne 1931, 20). Although 
no emperor of the Nguyễn dynasty ever decided to order a Delta-wide destruction 
of dykes, this insistent debate between supporters and opponents of dyke destruc-
tion persisted throughout the nineteenth century and gave rise to alternative solu-
tions aimed at lessening the impact of imperfections in the dyke system.15

This explains why, when he reformed the dykes administration in 1833, Minh 
Mạng called for the mandarins of the capital and the Delta provinces to make propo-
sitions to improve water management and flood control. Some of these officials, 
drawing upon the opinions of local authorities and notables, considered it pointless 
and costly to seek perpetually to strengthen the dykes. They believed that a better 
course of action would be to widen the fresh arroyos opened up by the river’s current, 
where dykes had been breached, in order to improve runoff. Although sympathetic  

13 Widespread dyke building compartmentalizes the Delta into hydraulic units called casiers 
(hydraulic land subdivisions), independent from each other, and used on the one hand to supply 
irrigation water from the river and on the other, to drain excess rainwater back toward the river. 
Today the Delta is split up into 30 primary casiers of sizes varying between 5,000 and 180,000 ha, 
a series of separate and unconnected hydraulic systems that must be drained throughout the rainy 
season.
14 Đồng Khánh địa dư chí (2004, 1650).
15 For an overview of the question and, in particular, of the evolution of the arguments developed 
by the supporters and opponents of a total or partial abolition of dykes in the nineteenth century, 
an evolution that shows that the various positions of those involved were not fixed but rather 
informed by past experiences, see the article by E. Poisson (2009) listed in the bibliography.
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to this argument, the Emperor worried about the consequences of a solution 
that would inevitably cause flooding of low-lying areas and basins located below 
elevated riverbanks. For the famous mandarin and man of letters Nguyễn Công 
Trứ, the alternative solution to an imperfect dyke system was to dredge the Red 
River’s natural distributaries and to dig artificial ones, in order to lower the water 
level of the river by increasing drainage capacity in its outlets. Although Minh 
Mang initially prioritized the deepening of the Sông Đuống River; in 1833, on the 
advice of two special mandarins, he decided to dig and clear out the Cửu An River, 
which had to serve both as a distributary to the Red River at Hưng Yên and as an 
irrigation canal.

From 1835 to 1836, 20 km were dug in order to make the link between the Red 
River and the Cửu An River, of which the mean bed was also dredged and widened 
over more than 40 km (Đỗ Đức Hùng 1998, 44). In tandem with this excavation 
work, the dykes of the low-lying areas of Hưng Yên Province were either greatly 
lowered or simply flattened down to ground level.

The impact of this major construction project was the complete opposite of what 
was hoped for. Four months after the completion of work, the channel from the Cửu 
An River into the Red River was swept away in three places, Hưng Yên and Hải 
Dương provinces were submerged under 2 m of water, and the town of Hửng Yên 
was completely flooded. It was the most disastrous flooding ever experienced in 
these two provinces (Đỗ Đức Hùng 1998, 45). It earned Nguyễn Công Trứ virulent 
criticism from the Emperor, who named him responsible for the situation and 
ordered him to repair the damage. Early in 1837, large-scale reinforcement work 
began on the Cửu An River. In response to the pleadings of the inhabitants, the 
upriver channel of the Cửu An River was completely sealed off, and its only remain-
ing function was as a  drainage canal to evacuate water from low-lying areas in Hưng 
Yên Province toward the downstream part of the Sông Luộc – Bamboo Canal 
(Pouyanne 1931, 21). There was no other option but to rebuild and strengthen the 
dykes in Hưng Yên, Hải Dương, and Nam Định provinces, a task to which Emperor 
Thiệu Trị set himself during the 6 years of his reign (1841–1847). The latter not only 
had the dykes rebuilt in Hưng Yên Province on the left bank of the Cửu An River, 
but he also had new ones built on the right bank during the winter of 1841–1842.

Yet despite this disastrous experiment, the debate was rekindled in 1847,16 then 
in 1852 by Emperor Tự Đức who made no secret of his misgivings over the 

16 The governor of Hà Ninh Province, Nguyễn Đăng Giai, one of those in favor of destroying the 
dykes, wrote one of the most thorough reports on the question in 1847. He offers no less than 11 
separate arguments to support his position. He dwelt on the exorbitant costs entailed by dyke 
building, maintenance and inspection; he recalled the human and economic disasters regularly 
brought about by breached dykes; he highlighted the unfairness generated by the construction of 
these large-scale earthworks that ate up agricultural land and caused conflicts between people 
living within and without the dykes, etc. Although the Emperor was in agreement with Nguyễn 
Đăng Giai on one point, that the construction of dykes under the Trần dynasty had been a mistake, 
he considered it too late to go back and that there was no alternative solution available exclusive 
of dyke building, since dredging the Red River tributaries alone could not guarantee a satisfactory 
evacuation of floodwaters (Poisson 2009, 88–90).
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 continued dyking up of the Delta, as witnessed by an annotation written in his own 
hand in the margin to a passage of Đại việt sử ký concerning the construction of 
the Đỉnh Nhĩ Dyke: “That was a poorly conceived undertaking responsible for 
countless disasters.”17 Nevertheless, after 5 years of procrastination, it was finally 
those in favor of maintaining and strengthening the dyke system who carried the 
day; most dignitaries at Court recognizing that attempts at abandoning certain 
dykes had led over the previous decade to flooding with a frequency and on a scale 
never seen before.

Once the matter had been decided, the dykes department was reestablished in 
1857. The new mandarin in charge of the department (Đê chính) made a series of 
ten specific propositions consisting of as many priorities in terms of hydraulic and 
regulatory projects to control rises in water levels (Đỗ Đức Hùng 1979, 52). On this 
basis and in tandem with new dykes and counter-dykes built along the Red River 
to keep it within its banks, dredging work was undertaken with the use of “har-
rows” (submerged booms) pulled by ships to deepen the river’s mouth and thus 
enable a more rapid runoff of its tumultuous waters. Efforts were also made to 
divert part of its flow toward the Thái Bình River in order to lower the water level 
of the river and thus limit the violence of its spates. This was how, in 1858, Tự Đức 
came to dig a new entry to the Sông Đuống, downstream from the former one, now 
completely blocked by alluvial deposits (Chassigneux 1914, 101). But in 1862, 
before the work on the Sông Đuống could be completed, the dykes department was 
once again  dissolved and the policy of major hydraulic-development work placed 
on hold. The Emperor justified this decision by citing financial problems and espe-
cially the serious disruption occasioned by French colonizing incursions into the 
North and the South of the country.

Finally, in 1871, the debate was once again activated by a petition from a 
 mandarin, Nguyễn Thành, who argued in favor of the removal of all dykes from 
Bắc Kỳ. The results of the survey conducted in 1872 by the Emperor among the 
various provincial governors showed a real diversity of understanding of the prob-
lem that actually reflected quite faithfully the diversity of hydrographical and 
 geomorphologic situations in each of the Delta’s provinces. A pragmatic approach, 
personified by Phạm Thận Duật, seems to have gained the upper hand. In 19 peti-
tions addressed to the Emperor between 1876 and 1878, he defended a logic of 
dyke consolidation, combined with dredging of the Red River’s distributaries. This 
was because the problem of runoff waters in the Upper and Middle Delta could not 
be solely attributed to the dyke system, as it also derived from the  topographical 
configuration (Poisson 2009, 94).

17 Chronique du Bulletin de l’École française d’Extrême-Orient (July–December 1905, 482–483). 
The (anonymous) author explains that on the occasion of the meeting of the Dykes Commission 
held after the 1905 floods, he had looked up “the oldest mentions made in indigenous texts of 
dyke-building work on the Red River.”
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4.2  Public Dykes, Private Dykes

The coexistence of two categories of dykes (public and private) is an historical real-
ity intrinsic to the very process of dyke building in the Red River Delta. In 1665, 
the Cương mục established when dykes should be repaired and set out the different 
kinds of work necessary depending on their importance:

In the tenth month of every year, the administration service (thửa ty) of each province (xứ) 
should order the authorities of each sub-prefecture (huyện) under their command to make 
a survey of the places on the dykes needing repair work. Minor work should be carried out 
by the people of the communes (xã) endangered by the strength of the current, under the 
surveillance of the prefectoral authorities; as for major works, a mandarin will be ordered 
to direct them.

(Quoted by Langlet 1970, 119)

However, for the first time during the Nguyễn dynasty, these two categories 
were explicitly dissociated. In his survey carried out in 1829 in five Delta prov-
inces, the chief mandarin in charge of dykes (Đê chính) Lê Đại Cương, counted 
698 km of private secondary dykes and 16 sluice gates in the same category.18 
The proportion of private dykes therefore represented at this period more than 
40% of the total 1,650 km dykes surveyed. On what criteria was this typology 
based?

Public dykes were built by order of the imperial state under the direction of 
either the provincial or specialized mandarin administration, depending on the 
period. They were considered strategic in the sense that they guaranteed the 
protection of large geographical and human units, since their breaching could 
cause flooding which affected district administrative centers, provincial capitals, 
and whole provinces. These were the most significant earthworks that lined 
either side of the Red River’s flood plain and the banks of its most unruly tribu-
taries and whose construction and upkeep had scrupulously to follow the stan-
dard norms defined by the state in terms of size and compactness. In order to 
periodically mobilize the large workforce needed to carry out such infrastructure 
projects, the state had two possible forms of recourse at its disposal. The first 
was the mobilization of villagers through the corvée system (set by the Gia Long 
code at 60 days per year, per person enrolled). For major construction projects, 
thousands or even tens of thousands of rural inhabitants were mobilized in this 
way, often assisted by soldiers (Fig. 4.3). In 1835 (10th month), in his report to 
the Emperor concerning the dredging of the sông Cửu An, Nguyễn Công Trứ 
gave some impressive figures:

Dredging rivers and building dykes are hard work. The hiring of 20,000 coolies is requested 
(6,000 coolies from Nam Định, 4,000 from Hải Dương, 3,000 from Hưng Yên, and 3,500 
from each of the provinces surrounding Hà Nội and Bắc Ninh). Work will begin in the 1st 
month of next year.19

18 Đại Nam Thực Lục, t. II, q. 61 (2007, 648).
19 Đại Nam Thực Lục, t. IV, q. 160 (2007, 784).
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Repairing sections of dykes that had been damaged or carried away by 
 floodwaters also consumed large quantities of workers, as shown by the report of 
the governor (Tổng đốc) of Hà Nội – Ninh Bình Province, Đoàn Văn Trường, pre-
sented to the Emperor in the 10th month of 1833: “4,000 coolies have been mobi-
lized to repair broken stretches of dyke in Chương Đức, Hoài An, and Thanh Liêm 
Districts of the Province.”20

The second recourse was to moblize a paid workforce (money and rice) in the 
form of piecework. This paid workforce was made indispensable by the consider-
able number of men and women needed during the few months of the dry season 
that separated the 10th-month harvest from the first spring floods.

It is easy to appreciate that the combination of these two possible methods of 
mobilizing a workforce represented a source of tension between the financial 
means that the state was ready to invest in building and repairing dykes and their 
effective use in the field. While some reports presented to the Emperor made 
explicit mention of the reticence of rural subjects to participate in the works, it also 
appeared that local notables embezzled money allocated by the state for paying 
workers by imposing upon inhabitants a financial contribution or a share of the 
work through the corvée system. In 1809, for the construction of new dykes in the 

Fig. 4.3 Reconstruction of Gia Lâm’s dyke, 1926 (Source: Photography Library EFEO, funds 
Vietnam, ref. VIE06801)

20 Đại Nam Thực Lục, t. III, q. 110 (2007, 858).
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North (Bắc Thành), the mandarins Đặng Trần Thường and Nguyễn Khắc Thiệu 
asked permission from Emperor Gia Long:

The dykes in Sơn Tây, Kinh Bắc, and Sơn Nam Provinces have collapsed. We plan to have 
three fresh sections built and two existing stretches strengthened by using a paid work-
force [piecework]. To rebuild other damaged stretches of dyke where the current [of the 
river] is not too strong, the local workforce will be mobilized. The King has given his 
consent.21

Although the financial efforts made in the nineteenth century varied greatly from 
one emperor to the next and from one policy on major hydraulic works to another, 
investment in this field was never questioned, in spite of the continual destruction 
of constructions that fed the debate concerning their usefulness. In the Annals of 
the reign of Minh Mạng, the Emperor recalls the importance of the state’s financial 
contribution and, using this as a starting point, levels bitter reproaches at mandarins 
of Sơn Tây, Sơn Nam, and Nam Định provinces following a series of breached 
dykes and serious floods:

The dykes are of great importance to the inhabitants of your provinces. You are well aware 
that We are far from miserly, since every year We place at your disposal a credit of 100,000 
ligatures (strings of coins), with payments in kind to watch over the proper maintenance of 
the dykes. […] Why did you not take the necessary precautions in advance to avoid such 
catastrophes? Why did you not, when the violence of the waters increased, take fresh pre-
cautions? […] This proves your negligence.

(quoted by Chassigneux 1914, 100)

Although some reports presented to the Emperor explicitly state the reticence of 
farmers to take part in the work, it also appears that local dignitaries embezzled the 
money allocated by the state to pay workers. They did this by imposing upon inhab-
itants a financial contribution or forced-work participation by means of the corvée 
system. In 1838, the Emperor called the Service of Public Works to order:

Preferring leisure to hard work is something common to all. But only arduous labor gives 
the people a prosperous and peaceful life. With the constant concern to prevent flooding 
and encourage agricultural activities to feed the people, we spare neither our efforts nor our 
means. […] For dyke-building work, we have renounced the former practice consisting of 
making use of outside labor in the form of piecework and prefer to mobilize local inhabit-
ants to strengthen dykes. […] But the common people have a bad habit of lazily hiring 
others to do their work. In addition, dishonest local dignitaries make up stories through 
which they profit by forcing ordinary people to give them money. This situation not only 
occasions unnecessary losses for the state treasury but also causes the people distress, a 
state of affairs we deem unacceptable.22

By default, the private dykes were considered to be secondary and less stra-
tegic because they were built along portions of watercourses that were more 
stable and regular and because potential rises in water level and overflow only 
affected human settlements and restricted territories. The state therefore made an 

21 Đại Nam Thực Lục, t. I, q. 37 (2007, 744).
22 Đại Nam Thực Lục, t. XX, q. 189 (1968, 47–48).
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empirical distinction between public and private domains, namely a sharing of 
tasks and responsibilities governed by its financial capacities at any one time,  
its political priorities for the governance of the kingdom in general, and for 
hydraulics management in particular. Private works projects were carried out at 
the initiative of peasant-farmer communities and self-financed by them after 
they had secured, and this was a crucial point, the Emperor’s agreement.23 Such 
agreement was necessary since, according to the land laws, the state was the sole 
legitimate and permanent landowner; peasant farmers being only franchise-
holders whose rights to land use were conditional upon employing it to good 
effect and upon payment of taxes.

Work carried out locally could be on a minor scale and only involve the 
 inhabitants of a single isolated village or commune, as recorded on some village 
stelae. The stela of Hồ Khẩu phường preserved in Chúc Thánh Pagoda and dated 
1858 explains that repairs following a breached dyke required large sums of money 
and that an appeal had to be made for contributions from private donors.

The stretch of dyke located in the Quảng Bố neighborhood gave way, water flooded the Hồ 
Khẩu neighborhood, and its inhabitants had to repair it. As this work was very costly, it was 
necessary to appeal to the people’s generosity. Mrs. Nguyễn Thị Vạn gave 30 quan tiền 
[strings of sapeques] and asked that the anniversary of her death be celebrated in Chúc 
Thánh Pagoda. The local people put up a stela to pay homage to her and instigated the 
tradition of celebrating the anniversary of her death.24

But structures built at the initiative of villages were sometimes on such a scale 
that their completion undeniably required public involvement. Their existence 
exposed the state’s shortcomings and its struggle to manage Delta-wide hydraulic 
planning and, by the same token, the people’s ability to organize themselves locally 
to carry out public works in the common interest. This state of affairs was prevalent 
at the very beginning of the Nguyễn dynasty, as illustrated by the case of construc-
tion in the Mĩ Lương – Yên Sơn region (today Chương Mỹ and Quốc Ai Districts, 
Hà Tây tỉnh) of the Thập Cửu Dyke. The construction had a total length of about 
50 km (3.1 m wide at the base and 2.3 m high), in order to protect 8,000 mẫu 
(2,890 ha) of paddy fields. Remarkably, it was built from 1808 to 1812 solely by 
the inhabitants of a group of 19 communes, and it gave rise to an extremely detailed 
village agreement (bản khoán ước) that clearly laid out the responsibilities incum-
bent on each commune in terms of monitoring, protection, upkeep of the earth-
works (buffalo grazing, bamboo plantations, etc.), financial contributions, and 
penalties in case of breach of contract and intentional damage. Given its scale, once 
work was completed, the installation was placed under state responsibility by royal 
decree; thus integrating it into the public domain without the outlay of a single 
sapeque! (Huy Vu 1978).

23 Article n°389 (Item I) of the Gia Long Code entitled “Building without permission,” states that 
works can only be undertaken after approval by the higher authority that sets the rate of pay due 
those required to fulfill the corvée, op. cit.
24 Thư mục thác bản văn khắc Hán Nôm Việt Nam, t. 1 (2007, 94).
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It must however be emphasized that the passivity and self-interested caution 
displayed by the central power in this instance of building the Thập Cửu Dyke was 
not always the rule, as witnessed by the numerous requests for construction of 
earthworks recorded in the annals and whose approval was accompanied by state 
financial support:

A new dyke has been built in Mai Xá commune, Nam Định Province, more than 200 trượng 
in length. […] The commune’s inhabitants all proved themselves willing. The provincial 
authorities reported this to the King who made known his pleasure and gave his permission 
[to build]. When work was completed, a reward of 5,000 strings of sapeques (quan tiền) 
was made to the inhabitants.25

In other words, even during these periods of disengagement, in order to encourage 
local initiatives, the Emperor could grant total or partial exemptions from taxes for 
up to 3 years, mobilize the army to assist the people, bestow rewards and honorary 
decorations to deserving dignitaries and commoners, and compensate those whose 
paddy fields were covered over by earthworks.

The relative significance of public intervention compared to local initiatives fol-
lowed the changes in the allocation of responsibility for dykes. This reflected quite 
closely the fickleness of the relationship that successive emperors of the Nguyễn 
dynasty maintained with the dyke-building system for the main Delta rivers. For 
instance, the dissolution of the dykes department in 1833 and the search for alterna-
tive solutions to dyke building, particularly through efforts to discharge the Red 
River into the Cửu An River, coincided with a clear disengagement by the state with 
regards to its sovereign prerogatives in matters of hydraulic management that it 
temporarily entrusted to peasant-farmer communities.

4.3  Foreshore Reclamation and Irrigation: the First Planned 
Development

Although successive emperors of the Nguyễn dynasty concerned themselves above 
all with works to protect against flooding from the Red River, they also brought 
about technical innovations in the field of agricultural hydraulics.

The first involved the reclamation of foreshores (the foreshore being that part of 
the shore between the high- and low-water marks) and of offshore bars. Strictly 
speaking, this is not a nineteenth-century innovation, since historical sources testify 
to foreshore reclamation since the thirteenth century, a development that may even 
have been the reason behind the first embankment works being built in the Delta. 
The novelty derives more from the  rationalization of foreshore reclamation through 
dyking up land temporarily exposed by the sea, thus making large-scale land 
 recovery possible.

25 Đại Nam Thực Lục, t. XVIII, q. 176 (1967, 360).
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The first and largest undertaking of this kind was begun in 1828 and involved 
the foreshore of Thái Bình and Ninh Bình provinces. The works carried out under 
the leadership of Nguyễn Công Trú enabled the creation in 1829 of two fresh 
coastal districts, Tiền Hải and Kim Sơn:

Kim Sơn District is created and attached to Yên Khánh District, Ninh Bình. Nguyễn Công 
Trứ is nominated Dinh điền sứ [mandarin in charge of putting fallow land to good use]. 
Outside Hồng Lĩnh Dyke, the area of fallow land is judged to be 14,620 mẫu (5,280 hect-
ares) that are allocated to more than 1,260 needy inhabitants. In this area there are 3 vil-
lages, 22 estates (ấp), 24 farms (trại), and 4 hamlet subdivisions (giáp), divided into 
5 cantons (tổng). Permission has been requested to create a district there to be called Kim 
Sơn.26

At the turn of the twentieth century, these two districts totaled 20,000 ha of 
arable land and fed 120,000 inhabitants.

Once again, in conjunction with the involvement of the central power, fresh-land 
reclamation projects were also the result of local initiatives. For example, a stela 
dated the 10th day of the 6th month of the 32nd year of Tự Đức’s reign (1880), tells 
us that Hải Yên Commune (today in Quảng Ninh Province) sealed off 50 mẫu of 
new land reclaimed from the sea; thanks to a network of dykes and mini-dams that 
preserved this land from salty waters.

But the most significant innovation concerned irrigation. The possibility of 
obtaining a second annual rice harvest on low-lying and mid-altitude Delta land, 
namely two-third of the total arable area, depended exclusively on climatic condi-
tions during the winter, in particular sufficient rains. Recorded episodes of 
drought along with food shortage and famine are a constant of national history in 
the imperial annals. For example, it is noted for the year 1343: “this year no rains, 
famine, many peasants became thieves - especially servants-slaves in noble fami-
lies.”27 Or again, for 1835 (5th month), “The paddy fields of all the districts in Sơn 
Tây Province have dried up, the price of rice has spiraled. Given the absence of 
a crop from this year and the lack of rice from last year [also due to drought], I 
[Governor of the Province] request a reduction by half of taxes payable by the 
people.”28

Not until the beginning of the nineteenth century did a technique exist for draw-
ing water from the river. Until this period, it seemed inconceivable that one might 
technically control an opening in a dyke without it degenerating into a full-scale 
breach synonymous with flooding. The principle consisted of procuring the water 
directly from the river by using underground conduits set solidly within the dykes 
and easy-to-close pipes or sluice gates. This system, aimed at improving upon the 
only palliative to drought available until this time, namely stored water. It was 
designed, using only gravity, to solve problems linked to irrigation of paddy fields 
and drainage of excess water accumulated accidentally, following a breach in a 

26 Đại Nam Thực Lục, t. II, q. 58 (2007, 843).
27 Đại Việt sử ký toàn thư, bản kỷ toàn thư, quyển VII, kỷ nhà Trần, fo 12a, (1993, t. II, 128).
28 Đại Nam Thực Lục, t. III, q. 152 (2007, 13).
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dyke, or normally in low-lying areas of hydraulic land subdivisions (casiers 
hydrauliques) after heavy rains.

The first written records alluding to work carried out directly within the structure 
of dykes date it back to the first years of Gia Long’s reign. The first constructions 
were of a rudimentary design, made from hollowed tree trunks that sometimes 
compromised the watertightness of dykes. Later, much more sophisticated installa-
tions, such as vaulted aqueducts, were built of bricks using a very strong, sticky, 
and durable mortar. The Descriptive Geography of the Emperor Đồng Khánh 
(1888–1889) mentions the existence of many of these mechanisms:

The Kim Ngưu River [Bắc Ninh Province], which flows in Văn Giang District, formerly called 
Tế Giang, is a distributary of the Red River. In this province, it flows out of Sơn Hô Châu 
Commune, passes through the Phụng Công and Công Luận sluice gates – now very narrow, 
like the river itself –, loops round Từ Hồ Commune then enters Hưng Yên Province.29

In 1829, the inventory of hydrological installations lists 50 main sluice gates and 
16 private sluice gates that all served the dual purposes of drainage and irrigation. 
Note, too, that the report made to Emperor Minh Mạng in 1833 by the three man-
darins who initiated the reform of the dykes administration encouraged the wider 
use of such devices:

[…] Concerning stretches of dykes that run alongside rivers, if the installation of sluice 
gates promotes agricultural activities, this must be rapidly noted in order to request permis-
sion to build them. The sluice gates will be opened in the event of drought or flooding, 
while the crops of the fifth or tenth lunar months are growing, to ease irrigation or drainage. 
They will be closed during sharp rises in water levels. For tributaries located within the 
dyke, particularly for shallow and dried-up sections, dredging work will occur to help 
water drain away. Along the stretches where sluice gates are installed, piles of earth and 
equipment used for protecting dykes must be provided. All decisions about dredging or 
dyking must be taken only after a field inspection by local mandarins, as the common 
people should not be made responsible for undertaking the entire task. […]30

How effective were these sluice gates? They gave satisfactory results in the 
areas near the sea where the insecurity of some crops was due much more to 
floodwaters from the Red River than to the excess of rainwater. On the other 
hand, as soon as one moved away from these coastal areas, it must be admitted 
that they brought fewer improvements than expected. The first reason for this was 
of a technical nature. Their insufficient dimensions when initially designed, 
aggravated by silting phenomena when water levels rose, did not allow these 
offtakes to let pass a sufficient volume of water. But above all, during the high-
water season, in the higher and intermediary areas of the Delta, the level of the 
dyked rivers in spate was much higher than the level in low-lying areas of the 
hydraulic land subdivisions (casiers hydrauliques), thus preventing the evacua-
tion through the sluice gates of excess waters that continued to form vast lakes. 
As for the question of irrigation, the fall in the rivers’ water levels left most of the 
pipes out of the water for the winter season. In short, although the emperors of 

29 Đồng Khánh địa dư chí (2004, 1612).
30 Đại Nam Thực Lục, t. III, q. 92 (2007, 536–537).
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the Nguyễn dynasty understood very well that the Delta’s rivers represented an 
inexhaustible reserve of water that agriculture must use, the topography of the 
Delta itself did not allow for irrigation by simple gravitational force. The absence 
of mechanical means of pumping prevented them from overcoming this difficulty 
(Chassigneux 1912, 96).

For this reason, irrigation using arroyos and ponds filled by the natural flow of 
the rivers remained the norm until the construction of gravity-driven networks. In 
this system, each peasant farmer was responsible for the supply of water to his plots 
of land and bailed from a specific place located on the side of an arroyo or a pond, 
called a bailing station. These stations being private, the owner had priority over any 
other villager wishing to irrigate his paddy fields. The bailed water was then either 
directly poured into the field or went into a canal that led to the farmer’s land.31

All the emperors enacted incentive measures to increase water reserves available 
for the 5th-month rice crop, whether they consisted of clearing arroyos, digging 
irrigation canals, or raising the height of talwegs (mini-dyke-dams). But even more 
than the construction of dykes, the fluctuations in investment granted by the impe-
rial state and a certain powerlessness to propose efficient solutions for irrigation 
were two factors that impelled peasant-farmer communities to design and make 
their own installations, as evidenced by this stela of Đắc Sở Commune (Đan 
Phượng District, Hà Đông Province), engraved in 1854:

Hydraulic systems are at the service of agricultural activities. Some mandarins, venerable 
village elders, gave money to finance the installation of a stone sluice gate in the commune 
with the aim of improving irrigation and drainage. On the stela are written the names of 
those having made their contribution such as Nguyễn Văn Uyên, deputy head of the canton, 
Nguyễn Kim Nguyên, deputy head of the village….32

Although it appears impossible to establish a quantitative assessment of these local 
initiatives, to obtain a general idea let us note that at the end of the nineteenth century, 
combined public and private installations for irrigation and/or drainage enabled a 
double annual rice crop on one-third of the total surface of the Red River Delta.

Helpless when confronted with the droughts that regularly afflicted the country, 
the Nguyễn dynasty emperors, like previous dynasties, sought divine intervention 
to hasten the long-awaited rains. In several passages of the annals devoted to the 
quest for such divine assistance, the Emperor ponders the reasons that may have 
brought about such celestial wrath and what action should be taken to assuage it. 
Such action was of two kinds.

First, the Sovereign made endless gestures of propitiatory piety in order to 
 counterbalance any lapses and excessive harshness attributable to his government, 
these being deemed to be the causes of natural disasters. In practice, he granted 
amnesties to large numbers of prisoners and imposed upon the Court and upon 
himself a simple and austere lifestyle, similar to that of the people, outlawing feasts, 

31 Bailing itself was mainly accomplished using one of two cheap and simple tools, chosen depend-
ing on the height of the water being bailed, which are still in use to this day: the tripod bailer (cái 
gầu sòng) and the roped basket (cái gầu giai).
32 Thư mục  thác bản văn khắc Hán Nôm Việt Nam, t. I (2007, 802–803).
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music, and other pleasures pertaining to his rank. In the 3rd month of 1824, the 
Sovereign’s birthday, “having noted that many areas are suffering from drought, the 
Emperor cancels all the usual customs associated with this feast day, such as dis-
plays of singing and music, as well as fireworks and torchlight dances.”33

Similar measures were taken in the event of flooding, as illustrated by this order 
from 1833:

The North (Bắc Kỳ) is suffering from flooding, the inhabitants there are enduring dismal 
times. I am their father, how can I live in joy and peace! From today onwards, the dishes 
prepared for the Court must be reduced by half. Displays of singing and dancing must be 
cancelled. All the birds in the Royal Garden must be freed. All those whose place is in the 
Inner Palace (nội cung) must dress according to their rank and in a sober manner; the royal 
servant women are forbidden from excessive use of fabrics and foodstuffs.34

Second, he addressed prayers and presented offerings to mountain and river gods 
in order to restore harmony between heaven and earth. He also ordered that reli-
gious ceremonies be celebrated in the temples and communal houses located in the 
regions affected by the drought, even if he sometimes voiced doubts as to the effi-
cacy of such methods. This passage from 1826 documents the Sovereign’s 
incredulity:

[…] For some weeks, as it has not rained, the weather is so hot that a man feels it burning 
in his stomach, and the plants in the paddy fields are wilting away. In the palace, not a 
single night have I slept peacefully. Yesterday evening, seated at Court, my eyes lifted to 
the heavens. I saw a great black cloud appear, but it was quickly scattered by the southeast-
erly wind, a sign that rains will not fall easily here. The Emperor turned to Phan Huy Thực 
and said to him: I wish to call upon the local deities. If someone can make the rains come, 
he will be rewarded; otherwise, we will suspend our prayers. But rain and wind are the 
product of nature; the gods can do nothing to change them. […]35

Finally, lacking an efficient technical mastery of the irrigation process, the King 
granted partial or total tax exemptions and had rice from the royal granaries distrib-
uted to somewhat alleviate the hardships suffered by the people. In 1825, the 
drought having damaged the 5th-month rice crop in five districts of Hải Dương and 
Nam Định Provinces in the North (Bắc Thành), the Emperor ordered:

[…] In all the districts struck down by this blight and who have lost their crops for the year, 
the people cannot escape famine. For this reason, the regions that could not plant rice are 
exempted from taxes; for those who have lost 4/10th of their crops, taxes are reduced by 
2/10th, for 5/10th of losses the reduction is 3/10th, for 6/10th the reduction is 4/10th, for 7/10th 
the reduction is 5/10th, and for 8/10th of losses the exemption is total. Repayment is waived 
on loans of rice granted last year by the state [royal granaries].36

The Nguyễn dynasty allocated a massive financial investment to the domain of 
hydraulics that made it possible to dyke up the whole Delta. This occurred despite 

33 Đại Nam Thực Lục, t. II, q. 26 (2007, 347).
34 Đại Nam Thực Lục, t. III, q. 100 (2007, 665–666).
35 Đại Nam Thực Lục, t. II, q. 40 (2007, 524–525).
36 Đại Nam Thực Lục, t. II, q. 34 (2007, 438–439).
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the fact that the country’s capital was transferred to Huế, after centuries of being 
embedded in the heart of the Red River Delta. This unprecedented effort should not 
however mask the instability and ambiguity of the hydraulic  policy pursued by suc-
cessive emperors. Examples of these problems include: Discontinuity in the admin-
istration and management of dykes alternately entrusted to a specialized department 
or relegated to the responsibility of provincial mandarins; bureaucratic unwieldi-
ness linked in part to the distance from the center of power and to failures of the 
mandarin administration; alternate periods of involvement followed by disengage-
ment by the state giving up part of its prerogatives to peasant-farmer communities, 
the latter finding themselves obliged to take sole responsibility for the construction 
and upkeep of a growing number of installations.

The inability of the emperors to fulfill the terms of the “celestial contract” that 
assigned to them the responsibility of protecting their subjects from the natural ele-
ments and in particular from flooding, contributed without any doubt to the popular 
discontent evidenced by the frequency of successive peasant revolts in the nine-
teenth century: 4 revolts a year under Gia Long; 11 revolts a year under Minh 
Mạng; 8 revolts a year under Thiệu Trị; 3 revolts a year under Tự Đức; in total, 
more than 400 rebellions in about 60 years.

But over and above this checkered record, it can still be said that the Nguyễn 
dynasty played a key part in the domain of hydraulics by creating the foundations 
for modern and planned development of the Red River Delta. In addition to wide-
spread dyke building, Emperors Gia Long and Ming Mạng were the first to have 
tried to resolve the crucial problem of irrigation by tapping directly into the 
resource constituted by the practically inexhaustible reserves of water supplied by 
the rivers. Admittedly, the results obtained were mediocre; in a deltaic region such 
as this one, the installation of hydraulic networks can only be carried out on a large 
scale in order to enable not only irrigation but also drainage of excess water during 
the monsoon. Such efforts call for significant mechanical means for pumping water 
and for the digging of robust drainage and irrigation canals. For these precursors, 
limits were above all of a technical nature, whatever the opinion of Western observers. 
Indeed, it was not until the 1920s that the colonial engineers and experts come up 
with effective and realistic irrigation projects for the middle and lower Delta, thanks 
to an increased reliance on thermal, then electrical-pumping stations. Despite this 
admission of powerlessness, the emperors of this dynasty nevertheless had an overall 
vision of the complexity of the hydraulic workings of the Delta and the sometimes 
harmful consequences of its development, as proved by the debate initiated as far 
back as 1803 by Gia Long about the possibility of either strengthening or leveling 
of the existing network of dykes.
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In a 1972 book review of Harvest of Death, a collection of essays examining 
 chemical warfare in South Vietnam, plant biologist Arthur Galston compared the 
US herbicide campaign to the “willful destruction of an entire people and its cul-
ture” that had happened during World War II and had been condemned at the 
Nuremberg trials (Galston 1972). Developing his analogy further, Galston noted 
that a crime of such magnitude against humanity was labeled genocide. In the case 
where “the willful and permanent destruction of an environment in which a people 
can live in a manner of their own choosing ought,” according to Galston, “to be 
designated by the term ecocide.” Harvest of Death, then, became “a document of a 
kind of Mylai perpetrated against the Indochinese countryside.” Galston repre-
sented one side of a sometimes bitterly divided group of American scientists as they 
sought to assess the damage done to the South Vietnamese countryside, most 
 particularly the coastal mangrove forests of the Mekong Delta.

As the employment and scale of chemical herbicides increased during the 
Vietnam conflict, American scientists began questioning the effects the massive 
defoliation campaign might be having on the Vietnam countryside. As early as 1967, 
biologists and plant scientists challenged US government claims that the herbicides 
being used, which included a 50/50 mixture of (2,4-dichlorophenoxy) acetic acid 
and (2,4,5-trichlorophenoxy) acetic acid (hereafter 2,4-D and 2,4,5-T), better known 
as Agent Orange, were safe for humans and animals. As spraying operations continued, 
some members of the American Association for the Advancement of Science 
(AAAS) fought to get the association involved in evaluating the potential ecological 
damage being done by the massive amounts of chemical herbicides being sprayed 
over the South Vietnamese countryside. This effort succeeded, and a study was com-
missioned. This study, produced by the AAAS Herbicide Assessment Commission 
(HAC), sent American scientists to the South Vietnamese jungle in 1970 to assess 
the ecological effects of herbicide spraying. Four years later, the National Academy 
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of Sciences (NAS) released its own massive report on ecological conditions, The 
Effects of Herbicides in South Vietnam. Taken together, these two studies have 
become the standard by which the damage done by herbicides in the Mekong Delta 
in particular, and South Vietnam more broadly, is measured (Tran Triet et al. 2004; 
Young 2009). That this is the case is somewhat ironic because the scientists involved 
fell on both sides of the debate regarding the lasting harm done to the Vietnamese 
ecosystem. Contemporary scientists’ unquestioned acceptance of the 1970 and 1974 
studies may be even more ironic, given the controversy that surrounded both reports 
at the time they were done. The dwindling area sustaining South Vietnam’s man-
grove forests suggests that history and science may need to be read differently to 
stop the disappearance of a vanishing ecosystem.

This chapter examines the report produced by the AAAS’ Herbicide Assessment 
Commission in 1970 and the NAS report in 1974, as each tried to assess the ecologi-
cal harm caused by the herbicide campaign in South Vietnam. It considers the 
broader history of the mangrove forests in South Vietnam, the research and produc-
tion of the reports themselves, the subsequent controversies, and the reports’ lega-
cies. These two reports represent the official involvement of two prestigious bodies 
of American scientists; they also demonstrate the contested nature of scientific 
knowledge, objectivity, and opinions about the ecological damage being done in 
South Vietnam. The US herbicide campaign in South Vietnam plays an important, 
if unfortunate, part in the history of environmental change in the Delta. The 
American scientists involved in these reports, acting not only in their roles as scien-
tists but also as human beings concerned about the natural environment and people 
of Vietnam, tried to address the harm they thought was being done. At the same time, 
cultural, economic, and political factors all played important roles not only in the 
production of scientific knowledge in the 1970s, but also in the ecological fate of the 
mangrove forests of the Mekong Delta, right down to the present day.

In contextualizing the effects of wartime herbicide sprayings, the French 
 colonial period represents a good starting point when considering the ways this 
natural environment had been understood and used. French scientists helped colo-
nial administrators evaluate and intervene in the forests of Vietnam, and the man-
grove forests in particular in South Vietnam. Many saw the mangrove swamps as 
impediments to progress, untamed wilderness that as late as 1930 had been the sole 
preserve of wild elephants. Engineers offered technical expertise that promised to 
make such unused and wasted land more productive. While the French were not the 
first to settle, or even try and improve this region, their efforts marked the advent 
of the particularly colonial enterprises of “modernization” and “progress” (Biggs 
2003; Käkönen 2008). Entrusted to the Public Works Department, French engineers 
embarked on an improvement campaign centered on canal construction, an enter-
prise which ultimately resulted in 165 million cubic meters of earth moved over a 
50-year period, from 1880 to 1930, and changed the natural environment of the 
Delta. French attention to the various canal projects waxed and waned, and seem-
ingly achieved a sense of a partially domesticated wilderness (Käkönen 2008). But 
short-term success in improvements in transportation or rice production had hidden, 
and often more negative effects, on the overall ecology of the “mangrove swamps” 
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(Biggs 2003). Along with the Public Works Department’s canal-building moder-
nization projects, the French colonial government also sold the land at cheap prices 
to wealthy landlords, who then rented the property to thousands of poor migrants 
(Biggs 2005). During the 1940s and 1950s, French scientists continued their efforts 
to manage the natural landscape and resources of Vietnam. Paul Maurand, a French 
forester, completed one of the early vegetative maps of Indochina in 1943, while 
Claude Moquillon reported specifically on the mangrove forests of Ca Mau in 
1950. These studies showed 400,000 total hectares of mangrove forests, with 
200,000 ha in the Ca Mau peninsula (Hong, San 1993). They also set a baseline 
for forest growth in the area for later scientific investigations. Foreign attempts to 
modernize and control the mangrove forests of the Mekong Delta continued after 
World War II, although a new set of actors entered the picture.

As part of a wave of global anticolonial revolts following the end of World War 
II, the French Indochina War (later known as the First Indochina War) saw the 
incursion of American engineers and technology into the swamps of South 
Vietnam. Following international irrigation programs in India and China, the 
United States Bureau of Reclamation attempted to duplicate in Vietnam the mod-
ernizing success of the Franklin D. Roosevelt administration’s Tennessee Valley 
Authority engineering projects. Intrinsically tied to Cold War politics, the Bureau 
initially sponsored training programs for foreign diplomats and engineers, but by 
1952 sent scientific advisors (Biggs 2006). Within a decade they would be followed 
by experts of another sort, ones focused on using American technology to support 
military operations. These activities sought to destroy the unruly and resistant 
Mekong Delta mangrove swamps that resisted other forms of enlightened colonial 
scientific and military control.

Even as French and American engineers tried to tame the swampy lands of the 
Mekong Delta, Vietnamese rebels used the undesirable spaces in their efforts to 
resist first French colonial rule, and eventually American troops. Filled with land-
less migrants, the Mekong Delta became the site of various rebellions against 
colonial rule and wealthy landowners. By 1940, Ho Chi Minh’s Viet Minh used 
Mekong Delta forests as bases of operations that offered not only refuge, but also 
cells that produced weapons and propaganda. At the end of World War II, disaf-
fected youth flocked to the U Minh as one of the two centers of the liberation move-
ment. Rebels appeared out of the forest to conduct guerilla warfare against French 
colonial troops. In the process of defying French colonial authorities, the National 
Liberation Front rebels (NLF) redistributed the swamp wasteland to over 30,000 of 
their supporters, formerly landless migrants. Eventually the NLF “liberated” the 
entire region, giving more than 500,000 families slightly more than 564,000 ha of 
land (Biggs 2005).

For many scientists in the 1960s, the production of scientific knowledge 
demanded well-defined research agendas, valid research methods and reproducible 
results, and a stance of neutrality and rationality. While American scientists showed 
a long history of engagement in political causes, for both progressive and less than 
exemplary motives and results, scientists in the postwar period were confronted 
with an especially vexing problem: How to reconcile the relationship between 
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knowledge of the natural world and related activities, state sponsorship of such 
endeavors, and scientists’ societal obligations (Moore 2008). In the postwar period, 
the majority of scientific funding came from the Department of Defense, under-
standable considering Cold War priorities. However, this reliance on government 
funding of individual and university research agendas, along with Cold War politi-
cal repression, put scientists in difficult positions when it came to speaking out 
against programs they thought harmful or immoral. In the postwar period, these 
tensions increased as scientists began questioning their professional roles in the 
production of knowledge and societal obligations with respect to what knowledge 
was produced, and the ways such knowledge would be used. American involvement 
in Vietnam and the use of chemical and biological warfare presented an especially 
daunting problem for scientists, as some individuals pondered the role scientists 
should play in evaluating and advocating not just for human beings, but human and 
natural environments.

Little research has been done on postwar scientific activism, much less scien-
tists’ involvement in protesting the Vietnam War. Domestic Cold War concerns 
had led to political repression generally among scientists, as individuals were 
“disciplined” for poor support, much less outright protest, of government scientific 
programs, as the case of Robert Oppenheimer demonstrated (Wang 2002; Thorpe 
2002). Scientists persisted, however, in questioning what their role and obligations 
within society should be, first with respect to atomic energy and nuclear weapons, 
and then regarding what kinds of research should be receiving state priority: 
military weapons or humane endeavors, such as disease and hunger relief. Postwar 
social movements like civil rights, or especially the student democracy movement 
and its critique of the American university system, intensified the pressure on 
scientists to engage the social issues around them. These same progressive move-
ments led to greater awareness of environmental concerns, helped by the 1962 
publication of Rachel Carson’s Silent Spring. Most historical examinations have 
focused on scientific activism with respect to atomic energy and nuclear weapons 
(Wang 1999). As part of a larger project examining the development, use, and 
protests against Agent Orange, this chapter focuses on the role scientists played in 
challenging the use of chemical herbicides to defoliate the jungles of South 
Vietnam. Scientists represent an important, and mostly overlooked, group that 
opposed the use of chemical and biological weapons, an opposition that led many 
to oppose the war itself. While many other factors brought about the end of the 
war, scientific concerns, investigations, and protests put both the Johnson and 
Nixon administrations on the defensive, and such activities were the major factors 
in the Nixon administration’s ending of defoliation operations in 1970. Scientific 
expertise led these individuals to question Agent Orange, and these questions 
eventually led these same scientists to protest the use of Agent Orange in 
Vietnam.

Ironically, the chemical war on Vietnam, which started just shortly before the 
 publication of Silent Spring in 1962, prompted scientists in particular, but Americans 
generally, to examine the safety of chemical compounds and their use in the natural 
world. While Carson’s famous investigation focused on DDT, an insecticide, Silent 
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Spring ignited a firestorm over the use of chemicals in agriculture and drew vocifer-
ous, often personal, attacks from the chemical industry. Just a year before its pub-
lication, the United States had begun a spraying program in South Vietnam 
designed to destroy the heavy jungle vegetative growth in hopes at once of exposing 
Viet Cong enemy movement, supply lines and caches, and of increasing the effec-
tiveness of air attacks (Buckingham 1982). The herbicides, a mix of two phenoxy 
compounds that inhibited plant growth, were developed at the end of World War II. 
After the war, private industry began production of the herbicides for agricultural 
use, which saw rapid growth from 1950 to 1970, as farmers increased their pur-
chases of pesticides from 25 cents per 0.4 ha to $3.65 for the same area (Galston 
1971). When efforts to use fires to clear jungle growth in South Vietnam failed, the 
phenoxy herbicides once again drew military interest. What would eventually be 
called Operation Ranch Hand gained Secretary of Defense Robert McNamara’s 
support in 1960, and defoliation operations began in January 1961.

As American defoliation operations intensified, so did scientific concern. Best 
known for its slogan, “Only We Can Stop Forests,” Operation Ranch Hand used 
millions of liters of herbicides in less than a decade, spraying thousands of acres of 
the Vietnamese countryside. Defoliation operations began slowly, with 250,000 gal 
sprayed between 1962 and 1964, with activities peaking in 1967. By 1965, 
400,000 gal had been ordered. Over 1.6 million acres were sprayed with approxi-
mately 3 gal per acre. Some of these spraying operations were intended to destroy 
crops by employing cacodylic acid and picloram, Agents Blue and White. 
Anticipated military demands of 5.6 million gallons in 1967 and 11.9 million gal-
lons in 1968 strained the ability of the industry to produce enough herbicides. 
Spraying operations required specially equipped planes and helicopters staffed with 
a pilot, copilot, and technical specialist. When making a spraying run, these aircraft 
flew as close as possible to foliage at low speeds. Wind, temperature, and other 
weather conditions affected how the herbicide spray settled over the plant growth, 
which meant the best conditions for spraying were in the early morning when there 
is little air turbulence. Eighty percent of the herbicide spray settled on the top levels 
of the forest canopy, with as little as 6% reaching the ground-level vegetation. 
Parallel to the intensification of spraying operations, the defoliation campaign in 
Vietnam increasingly attracted the attention of biological scientists concerned 
about the use of chemical and biological weapons in the war. Almost from the 
beginning, the operation attracted censure. Critics charged that spraying herbicides 
represented an act of chemical warfare and violated the 1925 Geneva Convention 
banning the use of such agents. Military scientists responded that Agent Orange 
posed no harm to animals or humans. Other critics spoke out harshly against the 
use of Agents Blue and White, which were deliberately used to destroy crops with 
the hope that such destruction would pressure Vietcong forces. While biological 
scientists did not put aside their concerns for animal or human safety, they increas-
ingly voiced concerns regarding the potential ecological damage defoliation might 
be causing to the Vietnamese ecosystem. As America increased its involvement 
with South Vietnam over the 1960s, accompanied by an intensification of its 
 defoliation campaign, scientists began speaking out.
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The AAAS investigation into the use of herbicides in Vietnam came about 
through the efforts of several scientists, but the efforts of E.W., or “Bert” Pfeiffer, 
stand out in particular. A wildlife biologist, Pfeiffer worked at the University of 
Montana, and had previous experience with the potential harm caused by the military 
in the form of nuclear fallout from atomic bomb tests. When Pfeiffer became aware 
of Operation Ranch Hand, he brought the matter of herbicide sprayings before the 
AAAS executive council, framing the matter as one of concern over the possible 
harm being done to the South Vietnamese ecosystem (Zwierler 2008). In the same 
year, Arthur Galston, the plant physiologist whose book review began this chapter, 
first attempted to address the potential harm of herbicide chemicals when he tried to 
put the issue on the American Association of Plant Physiology meeting agenda in 
the form of a letter to President Lyndon B. Johnson. While his efforts were thwarted, 
another letter sent in 1966 and signed by 22 scientists called upon President Johnson 
to stop the use of chemical anticrop chemical agents in Vietnam. This petition had 
received the support of the Council of the Federation of American Scientists, and 
included “some of the most distinguished chemists, biochemists, bacteriologists, 
physicists, biologists, and men of medical science in the American scientific com-
munity.”1 The letter made no comment on the war itself, and came about because of 
informal discussions held by Harvard chemists, biochemists, and bacteriologists. 
Less than 5 months later, a petition signed by over 5,000 scientists was sent to the 
White House protesting chemical warfare, and showed the dramatic increase in con-
cern among scientists. Among the signers of both petitions was another scientist who 
would become closely associated with scientific protests against chemical warfare: 
Matthew S. Meselson, a geneticist from Harvard University. Meselson’s involvement 
with military research and arms control dated back to 1963, when he worked as a 
consultant to the U.S. Arms Control and Disarmament Agency, and eventually asked 
to be assigned to review the government’s chemical and biological warfare pro-
grams. Meselson had spent the subsequent years involved in changing government 
policy on chemical and germ warfare. Along with Pfeiffer and Arthur Westing, a 
former graduate student of Galston’s, Meselson and Galston represented some of the 
most outspoken and active scientific critics of American defoliation activities.

After several revisions, Pfeiffer’s resolution was passed by the AAAS in 1966. The 
resolution read in part: “modern science and technology [had] now given man unprec-
edented power to alter his environment and affect the ecological balance of this planet 
…” It went on to express the AAAS’ concern over the long-range consequences of 
biological and chemical agents which modified the environment and recommended the 
establishment of a committee to study the potential effects of such chemical and bio-
logical warfare agents. Finally, the AAAS would work in cooperation with other public 
agencies and the government in “the task of ascertaining scientifically and objectively 
the full implications of major programs and activities which modify the environment 
and affect the ecological balance on a large scale” (Wolfle 1967). Adoption of the reso-
lution resulted in the formation of an ad hoc committee at the 1967 March meeting.

1 “22 Scientists Bid Johnson Bar Chemical Weapons in Vietnam,” New York Times, September 
20, 1966, 1.
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Rene Dubos, a later skeptic of the benefits of modern scientific medicine, chaired 
the committee. It recommended that the AAAS establish a permanent, continuing 
committee dedicated to examining “environmental alteration.” Eventually, the 
AAAS created a permanent committee to investigate environmental alteration and 
a specific inquiry into chemical and biological warfare in Vietnam. Over the next 
several months, the AAAS worked with the Department of Defense in trying to 
identify an appropriate means to gather the information needed to evaluate the 
potential harmful effects of chemical and biological warfare. At the same time 
these discussions were going on between the AAAS and the Department of 
Defense, arrangements had been made to gather information from the war zone in 
Vietnam through a contract with the Midwest Research Institute in Kansas City, 
Missouri. The MRI report was reviewed by the National Academy of Sciences, 
which noted the continuing difficulty of assessing the ecological consequences of 
herbicide use.

By the time of the 1969 Dallas meeting of the AAAS, it had become clear that 
the military’s assessment of its herbicide operations would not be enough, although 
the issue remained a difficult problem for the AAAS to address. By 1969, the 
AAAS recommended that it undertake its own investigation of the ecological 
effects of the US herbicide campaign, in part because “Department of Defense 
officials do not have scientific assurance that herbicides cause no seriously adverse 
ecological consequences in Vietnam” (Nelson 1969). Although it was clear that not 
all members opposed the war in Vietnam, or even the US herbicide campaign, 
“most scientists find it difficult to oppose a purely scientific study.” The action was 
viewed by some members as the “quickening conscience of the American scientific 
community.” Margaret Mead expressed the opinion that other issues of environ-
mental alteration through technology, such as the Aswan Dam in Africa, dwarfed 
the use of herbicides in Vietnam. She suggested that “The issue here [was] warfare, 
not defoliation.” A panel presentation on the use of herbicides in Vietnam had gen-
erated some heated exchanges between Boysie E. Day of the University of 
California, Riverside, and Galston and Barry Commoner, as they argued over the 
findings of the MRI report. Day questioned the usefulness of a report “prepared in 
60 days by people who do not understand herbicides,” while Commoner pointed 
out that Day had been a consultant to the MRI Report.

At the same panel presentation, Fred Tschirley of the U.S. Agricultural Research 
Service presented a paper on a 1-month study of defoliation in South Vietnam. 
Tschirley reported that herbicide spraying had affected the ecology of the mangrove 
forests, although he expressed the belief that such changes were not irreversible. He 
recommended intensive study, after the war, of the Vietnamese ecology, the need 
for further assessment of ongoing herbicide operations as they affected forests and 
waterways, and changes in patterns of defoliation that might cause less long-term 
harm to the ecosystem. Tschirley’s experience in gathering information captured 
the attention of AAAS members as well, as his three forays to defoliated forest 
areas had required him “to carry a carbine and a revolver for protection.” As noted 
by in the press report, “obviously, it is much easier to authorize a study of the use 
of herbicides in Vietnam than it will be to carry it out in the near future.”
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American scientists concerned about the harm caused by Agent Orange in 
Vietnam succeeded in gaining professional support for investigations of the eco-
logical conditions in South Vietnam, and these scientific investigations and the 
resulting reports represented another avenue by which they used their professional 
expertise to protest Agent Orange. The AAAS appointed the Herbicide Assessment 
Commission in December of 1969 with Meselson serving as the Commission 
leader. Meselson’s appointment reflected his previous involvement with chemical 
and biological weapons and political activities rather than any environmental bio-
logical or chemical expertise. It would be his personal political skills that ensured 
the success of the committee and the study (Zierler 2008). Operating with a budget 
of $80,000, the team “reviewed the pertinent literature, consulted with numerous 
experts, and made a 5-week inspection tour of South Vietnam …” (Boffey 1971). 
The Commission presented its finding at the 1970 AAAS general meeting. The 
Commission issued a statement that said in part that US defoliation operations had 
resulted in “extremely serious harm.” This judgment was supported by a number of 
assertions, among them that up to one-fifth to one-half of the South Vietnamese 
mangrove forests had been destroyed; that hardwood mangrove forests near Saigon 
had been killed and the area was being invaded by bamboo growth that would pre-
vent reforestation by the hardwoods; that the Army’s crop-destruction program had 
destroyed civilian food supplies rather than denying food to enemy soldiers; and 
that while there was no definitive evidence of adverse human health effects, further 
study was warranted. The AAAS study ignited a firestorm as various scientific and 
government agencies began questioning its findings.

The HAC examined several areas that defoliation operations might have affected. 
The commission also assessed the Army’s crop-destruction program (primarily 
Agent White). With over 2,000 acres sprayed, the commission estimated the crops 
destroyed were sufficient to feed over 600,000 people a year. Along with its nega-
tive judgment of the crop-destruction program, the AAAS team undertook an 
assessment of the food chain itself, taking biological samples from fauna, flora, and 
human beings to try and evaluate whether or not toxic chemicals had entered the 
food chain. Coastal mangrove forests proved to be especially sensitive environ-
ment, with a single spraying of herbicides effectively defoliating and killing the 
forests. Equally problematic, the devastated landscape seemed resistant to the 
regrowth of new plants. As noted in the Science report of the HAC trip: “The only 
sign of new life was a few worthless ferns and shrubs … This lack of new plant life 
was deemed one of the most significant findings of the AAAS study …” Team 
member Arthur Westing expressed concern over the state of the mangrove forests 
as they served as the home for thousands of people, provided firewood and char-
coal, and were an integral part of the coastal ecosystem, considered to be one of the 
most diverse in the world. Westing estimated the damage to the tropical forests as 
severe, with 35% of South Vietnam’s 14 million acres sprayed, and a timber loss of 
$500 million. The forests might take decades to recover (Boffey 1971).

The popular press, for the most part, accepted the AAAS team’s findings. In 
December 1970, the New York Times ran an article entitled, “Sprays in Vietnam 
Said to Level Fifth of Mangrove Area.” The damage done by defoliation was 
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described as catastrophic. The Times article linked the AAAS report with the Nixon 
administration’s decision to cease herbicide sprayings (Sullivan 1970). A Washington 
Star news release quoted Arthur Westing’s opinion that it might take a generation 
of growth to restore coastal mangrove swamps (Randal 1970). A piece in Newsweek 
focused on the issue of crop destruction, but still noted the destruction of mangrove 
trees in the Mekong Delta (Blight 1971). If nothing else, the press coverage 
reflected the changing popular view of government attitudes toward the usefulness 
of herbicide spraying in South Vietnam. The next scientific study of herbicide 
effects in Vietnam would receive very different reactions.

The National Academy of Sciences (NAS) became involved in Vietnam due to 
a 1970 Congressional order for an independent study of herbicide-spraying opera-
tions and their effects in South Vietnam. While the military had produced some 
assessments, government officials recognized that these reports were not being 
considered objective assessments of conditions. The Department of Defense (DOD) 
contracted the scientific investigation out to the NAS. The NAS sought to avoid 
controversy in this investigation by omitting scientists opposed to defoliation, even 
if some of them had previous experience on the AAAS Herbicide Assessment 
Commission or scientific training that gave them necessary expertise. Its efforts 
were not successful. The NAS proposal still attracted controversy when anthropolo-
gists from the American Anthropological Association refused to participate in the 
study because of DOD funding. The NAS negotiated this position by using other 
funds for the anthropological portion of the study. The NAS scientists were focused 
on producing verifiable scientific results, which meant that investigators limited 
themselves to a narrow range of issues (Phuong-Lan). As NAS President Philip 
Handler acknowledged in his preface to the final report, a variety of factors limited 
the team’s abilities to fully assess herbicide effects, including the uncontrolled 
nature of the war itself, which affected accurate records, the ability to find or inter-
view qualified observers, separate the effects of herbicide sprayings from other 
aspects of the war, or the dangers of trying to assess conditions during the wartime 
conditions and dangers in the very areas being assessed (Handler 1974).

The extent of the damage to the inland forests represented the most contested 
part of the study, even as it acknowledged the sensitivity of the mangrove forests to 
herbicide sprayings. In fact, the NAS study reaffirmed the earlier assessment 
expressed by the HAC’s Westing when it reported that it might take up to a century 
for the mangrove forests to recover. Despite this judgment, the NAS study 
concluded that no herbicides remained in South Vietnamese soils, and scientists 
appeared to disregard the disruption of the South Vietnamese economic and social 
ways of life tied to the mangrove ecosystem. Although the NAS study was limited 
because of the lack of control areas with which gathered data could be compared, 
the report acknowledged that defoliation in the coastal mangrove forests resulted in 
increased mosquito and rat infestations. This in turn meant greater chances for 
malaria, which already had a long and unfortunate history in Southeast Asia 
(Handler 1974). Upon the NAS study’s release, a former NAS chair publicly 
questioned the NAS study’s conclusion regarding the effects of herbicides. At least 
three scientists – British biologist Paul W. Richards, South Vietnamese botanist Pham 
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Hoang Ho, and Harvard public health specialist Alexander Leighton – refused to 
endorse the final report (Morgan 1974). The New York Times’ initial coverage of 
the NAS report emphasized the time needed for the South Vietnamese ecosystem 
to recover (Finney 1974) and discussed the controversy that the report’s findings 
were generating. Accuracy in Media (AIM) immediately challenged the Times 
coverage in an article entitled “New York Times Readers Deceived on Defoliation 
Report.” The AIM piece characterized the Times article as “rushed” and one that 
“grossly misrepresented the findings of the scientific study” (Accuracy in Media 
1974). In his review of the NAS study, Don Willarejo singled out the damage done 
to the coastal mangrove forests as representative of the damage done more broadly 
throughout South Vietnam (Willarejo 1975). The NAS report attracted more con-
troversy when team members protested the inclusion of Matthew Meselson on the 
scientific review board convened to evaluate the study’s findings. Some recently 
uncovered evidence from the data gathered by NAS scientific investigators shows 
that the South Vietnamese people and countryside were exposed to almost seven 
million liters more of dioxin-laden herbicides than original numbers showed 
(Phuong-Lan 2003). It is important to note that neither the 1970 AAAS report nor 
the 1974 NAS study adequately addressed the possible harmful human health 
effects that the spraying of herbicides might have caused. Each study made 
attempts, but neither could gather verifiable scientific evidence of harm in the midst 
of war.

Even as some American scientists raised concerns about herbicide spraying in 
Vietnam, or participated in studies to assess potential harm, others staunchly 
defended the safety of herbicides and questioned their colleagues’ motives. In his 
1968 presidential address to the newly named Weed Science Society of America 
(WSSA), president Richard Behrens noted one cause for concern. Behrens worried 
that recent publicity over herbicide use in Vietnam came from scientists not trained 
in weed science. “I am deeply concerned that the AAAS Committee [to investigate 
herbicide use in Vietnam] will consist entirely of men not knowledgeable in weed 
science, men … who appear to be attacking herbicidal usage in Vietnam as a means 
of expressing their disapproval of American action in Vietnam” (Behrens 1968). A 
paper by an unknown author published in the 1973 Montana State Weed Conference 
proceedings directly addressed this dilemma. The paper began by noting the exten-
sive media investigations and scientific studies examining the herbicide operations 
in Vietnam. Farmers paid little attention at first, but grew increasingly concerned 
about the negative coverage. “After all, it is the military and it is in a land on the 
other side of the world…” (Montana Weed Association 1973). Or sometimes, 
American scientists just did not care about the effects of herbicide sprayings in 
Vietnam. In another WSSA presidential address, E.G. Rodgers challenged the ban 
on 2,4,5-T based on findings taken from Vietnam. “A proposal was made in 1973 
that 2,4,5-T be completely banned because of its alleged toxic effect on the food 
chain. The basis of that proposal apparently was an identification of toxic residues 
in fish in the Mekong Delta of South Vietnam after application of very high rates 
of this herbicide in military operations” (Rodgers 1974). Rodgers dismissed such 
concerns because the amounts sprayed in the United States were much lower, and 
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actually risk was much lower in the United States. In 1975, the Council for 
Agricultural Science and Technology, composed of chemical industry organiza-
tions, devoted an entire report to the question of herbicide effects in Vietnam “and 
their relation to herbicide use in the United States,” concluding that the “atypical” 
use of herbicides in Vietnam showed no connection with peacetime use. This 
“atypical” use of herbicides significantly destroyed the forests, and worse, damaged 
the ecosystem (Council for Agricultural Science and Technology, 1975). The war 
also intensified the status of the Delta’s mangrove swamps as rebellious and resis-
tant space, this time in regards to efforts to rehabilitate the environment.

Concerns over the health of the coastal mangrove forests in the Mekong Delta 
have continued to this day. Worldwide, mangrove deforestation rates are twice that 
of the rain forests, and mangrove forests in Southeast Asia show the highest rate of 
deforestation. Most scientists identify the Second Indochina War as one of the major 
factors in the escalating devastation of the southern mangrove forests, and current 
scientific studies of the mangrove forests rely on the scientific reports produced by 
the AAAS and NAS (Hong 1993; Stellman et al. 2003; Mayaux et al. 2005). 
Contextualizing these reports within the history of the region suggests a major 
consideration that eluded American scientists’ conclusions about the ecocide hap-
pening in Vietnam and continues to be obscured in current-day studies of the area: 
The resistant nature of human beings embodied within a rebellious landscape, a 
stubborn defiance that risks losing the very space that formed and nurtures them. 
Contemporary scientists note the problems of aquatic farming, but fail to realize the 
ways the mangrove swamps’ role as a base for armed resistance and liberated land 
have contributed to the problem. Former NLF army members settled in the Mekong 
Delta after the end of war with the United States. Many veterans continued to farm 
shrimp and refuse to stop even today, and scientists and conservationists have 
excused such behavior as either economic (food, wood, land), or try to use forestry 
models used elsewhere in resolving the problem (Biggs 2005). Ignoring the cultural 
history of resistance and pioneer ethos of the region, as both the AAAS and NAS 
studies did, prevents current scientists from identifying effective strategies of 
intervention.

Given the difficulties of assessing the human and ecological effects of herbicide 
sprayings in Vietnam, the one clear theme that emerges is the uncertainty of the 
scientific studies done in Vietnam during the early 1970s, an uncertainty that has 
continued until today. Wartime conditions made it extremely difficult to properly 
gather data and assess conditions in South Vietnam. Plant botanists clashed with 
chemists as scientists struggled with how to conduct a proper scientific investiga-
tion of ecological conditions in South Vietnam. Yet despite the confusion, contro-
versy, and questions about scientific validity, American scientists examining South 
Vietnam agreed that some measure of harm had been done to the countryside, even 
if it lay beyond scientific efforts to evaluate harm done to the health of individuals. 
Concerned scientists pressured the American Association for the Advancement of 
Science to involve itself in the massive use of chemical herbicides in Vietnam. The 
Herbicide Assessment Commission produced results that supported concerns about 
the environmental harm being done by herbicide-spraying operations, even if those 
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results remained unclear in forecasting the long-term consequences of herbicide 
use. While the National Academy of Science may have produced a more conserva-
tive assessment of harm, its scientists too agreed that the forests of South Vietnam 
had been harmed. Both reports identified the fragility of mangrove forests in the 
Mekong Delta to herbicide spraying, and both failed to fully assess the human dam-
age that resulted from the ecological harm done.

Arthur Galston’s imagery of ecocide, the willful destruction of an ecosystem akin 
to the willful destruction of a people, appeared to be a dramatic but not incorrect 
characterization of what the American military herbicide-spraying operations had 
wrought in the South Vietnamese countryside. Unlike the military atrocity of MyLai, 
which eventually attracted the attention and condemnation of the American people, 
the ecocide of South Vietnam remained mostly unresolved by American scientists. 
Some historians have argued that the advocacy of American scientists was in part the 
reason for the Nixon administration’s decision to quit aerial-spraying operations in 
1970 (Zierler 2008). Cultural considerations relating both to the swamp as refuge 
and American scientific clashes appear to be clear, however. Human action continues 
to harm the forests, and until science better incorporates the cultural factors along 
with the ecological, the mangrove forests will continue to disappear.
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Abstract Despite the scientific consensus on global warming, many people in the 
USA,—both ordinary citizens and elected leaders alike—remain skeptical of the 
need to act, and in fact remain skeptical of the idea that humans are contributing to 
global warming at all. Thus, environmental justice arguments based on United States 
carbon emissions and the disproportionate impact of rising temperatures and rising 
sea levels on tropical developing nations such as Vietnam frequently fall on deaf 
ears. This chapter explores the political and cultural construction of this deafness, 
seeking a better understanding of how and why so many Americans refuse to act 
to address global warming. The two main sources of this deafness that this chapter 
address are (1) the politics of carbon-intensive energy producers such as the coal and 
oil industries, demonstrating the ways in which those industries have distorted the 
debate over global warming, have found eager allies in political candidates willing 
to accept large campaign contributions, and—with the help of other industries such 
as automobile manufacturing and home construction—have encouraged the second 
main source of denial: (2) a culture of aggrandized individualism that places greater 
value on personal identity construction than on the national and global common 
good. Once these sources are established, the chapter recommends strategies for 
using narrative to overcome cultural and political resistance to climate change miti-
gation that may be effective not only in the United States, but in Vietnam as well.

Keywords Climate change • Culture • Individualism • Narrative

Since the election of Barack Obama in the United States, much has been made by 
the American news media of the new green economy, with the president himself 
calling for an investment in renewable energy and climate change mitigation 
 strategies that he believes will have the twofold effect of resuscitating the American 
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economy and preparing the nation for a hotter world. But so far, the overall impact 
of many of these strategies has fallen short of their goals. For example, one plan, 
the Consumer Assistance to Recycle and Save Act of 2009 (better known by its 
nickname “Cash for Clunkers”), sought to reduce carbon emissions and to revitalize 
automobile sales by encouraging owners of inefficient and highly polluting vehicles 
to trade them in for newer, more efficient, and less polluting models. The govern-
ment subsidized the program by supplying the money to buy the old vehicles in 
order to ensure they would be taken off the road and destroyed. Americans traded 
in nearly 680,000 cars and trucks for more efficient replacements, saving an annual 
average of $32,947,886 in fuel, and preventing an estimated 379,000 metric tons of 
CO

2
 from being released annually (US Department of Transportation 2009). While 

any reduction of CO
2
 emissions is a good thing, at just 0.15% of the United States’ 

annual carbon emissions, such results fail to be inspiring, and in fact, raise the ques-
tion of why more people did not take advantage of the program. After all, 680,000 
may initially seem like a lot of cars, but it represents just 0.27% of the total number 
of registered vehicles in the United States, or the participation of just 0.22% of the 
US population.

Setting aside the economic reasons for not participating, from figures such as the 
United States’ total annual carbon emissions as reported by the United Nations’ 
Millennium Development Goals Indicators, we know that the United States is the 
second largest CO

2
 emitter in the world, and for a long time was the number one 

emitter. As individuals, Americans live a more carbon-intensive lifestyle than all 
but a few nationalities (UN Statistics 2010). Why did not more of them take advan-
tage of a program that would not only benefit themselves, but also help reduce this 
enormous carbon footprint?

The full response to that question has many complicated parts, and this chapter 
addresses several of them, but the short answer is that many people in the United 
States—both ordinary citizens and elected leaders alike—remain skeptical of core 
climate change assumptions. Some look at their local weather and refuse to believe 
the Earth is warming in any significantly different way than in other decades-long 
trends, and some, when they finally do confront the overwhelming data that the 
Earth is indeed growing warmer, quickly attribute that warming to the Earth’s natu-
ral long-term cycles of warming and cooling, and in effect deny that human activity 
has anything to do with it. In both scenarios, these skeptics implicitly claim that 
nothing humans can do will make any difference. But if humans want to continue 
to enjoy an earth that still resembles the earth that we all know now, and if we wish 
to avert the catastrophic loss of life, society and capital that unchecked greenhouse 
gas emissions will cause, we must find a way to break through enough skepticism 
to make a difference. This chapter first analyzes American climate change skepti-
cism to find its political and cultural origins, and then suggest ways to reframe or 
repurpose those origins to inspire people to act.

It might be easier to understand US climate change skepticism if seen through 
an example. In 2010 in the state where I live, Utah, the conservative state legislature 
responded to the US Environmental Protection Agency’s “carbon  reduction poli-
cies” by passing House Joint Resolution 12, which “urges the United States 
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Environmental Protection Agency to immediately halt its carbon dioxide reduction 
policies and programs and withdraw its ‘Endangerment Finding’ and related regu-
lations until a full and independent investigation of the climate data conspiracy and 
global warming science can be substantiated” (Utah 2010). It follows with a litany 
of unsubstantiated reasons why climate change science is flawed or otherwise can-
not be trusted, how climate change action will cost governments and tax payers 
billions of dollars that will simply line the pockets of climate change researchers, 
prevent the use of millions of acres of agricultural land, starve the people now eating 
food produced on that land, and “ultimately lock billions of human beings into 
long-term poverty” (Utah 2010). The paranoid hyperbole the bill expresses arises 
in part as a response to recent revelations that climate scientists altered findings to 
create a sense of urgency in the public, but it is also representative of the way many 
Utahns (though not all, obviously!) and many Americans feel about climate change. 
Letters to the editor published in my local newspaper often “debate” climate 
change, with typical entries often sounding like this one: “[Climate change science] 
is purely unadulterated ‘horse puckey.’ These clowns are in it for the money at 
yours and my tax money expense [sic]….With the recent revealing reports of false 
documents of global warming, Al Gore and his pals should be ‘cut off’ from our 
taxpayers’ funding….Climate change is a scam at our expense. Believe it. You far-
out loons are crazy” (Larsen 2010).

Neither the writer of this letter nor the sponsor of House Joint Resolution 12 is 
a scientist, nor are they apparently consumers of information from leading schol-
arly or even popular science journals or even mainstream media. So where do they 
get such strong feelings about climate change, and why would they believe climate 
change mitigation strategies are just some farfetched and elaborate conspiracy to 
steal their money?

One part of the answer is political: As early as 1998, the biggest energy producers 
in the United States, corporations such as Exxon, Shell, and BP, along with organi-
zations that they support such as the American Petroleum Institute and the Cato 
Institute, began a systematic campaign designed precisely to create public skepti-
cism on global warming. Taking the offensive on what they believed would be a 
downturn in demand for their products, or a tax on the carbon their products 
released, they began to funnel huge sums of money to organizations and scientists 
who would provide research to support the contentions that global warming did not 
exist and that human activity could not be definitively linked to climate change. 
Exxon alone ultimately paid more than $16 million between 1998 and 2004 to 40 
different groups, who in turn paid researchers to produce reports to support their 
claims. Perhaps the most cynical part is that the oil corporations never had any 
intention of ever proving the validity of their paid scientists’ work. In a memo 
leaked to the New York Times, the American Petroleum Institute declared that their 
campaign would be successful just by creating the appearance of doubt about cli-
mate change science. They knew as long as the media presented the issue of climate 
change as a debate, at least some of the public would believe the science was incon-
clusive and there would be no real motivation to limit fossil fuel exploitation or use. 
Since then, Exxon has claimed to “soften its stance” on global warming, and yet 
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they have continued to support climate denial institutes with millions of dollars 
every year since making that claim (Union of Concerned Scientists 2007).1

The energy corporations have also made large donations to political campaigns, 
giving candidates sympathetic to energy exploration and development vast sums to 
spend during elections. Since 1990, oil and gas companies have contributed more 
than $238.7 million to federal level campaigns, with 75% going to Republicans 
(Center for Responsive Politics 2010a, b). Candidates claim campaign donations do 
not necessarily mean they do whatever the donors tell them to. But in practice, it 
seems this is often the case.2 For example, in January 2010, the Alton Coal 
Development company made a $10,000 contribution to the reelection campaign of 
the energy sector-friendly governor of Utah, Gary Herbert. That same day, at the 
governor’s request, Alton’s application to open a mine in an environmentally sensi-
tive area was fast-tracked for approval. When pressed, the governor claimed the two 
incidents were unrelated, and as long as no record exists of his asking for the money 
or the coal company asking for his help with the approval process, corruption like 
this goes unpunished (Foy 2010).

In the case of the George W. Bush administration, scores of energy sector per-
sonnel moved into the government itself. Both President Bush and Vice President 
Cheney had been energy corporation executives, and as they filled positions within 
their administration, they relied heavily on former industry lobbyists, lawyers, 
managers, and board members. For example, the chief of staff for the White House 
Council on Environmental Quality from 2001 to 2005 was Philip Cooney, who had 
spent the previous decade as a lawyer for the American Petroleum Institute. As 
CEQ Chief of Staff, Cooney was able to act as a filter for all environmental infor-
mation distributed by the federal government, at times changing or deleting parts of 
reports that contained data or predictions contrary to industry opinion. When US 
government scientists in the Climate Change Science Program submitted their 2002 
Strategic Plan, Cooney made 650 changes, removing estimations of threats such as 
reductions in glacial ice and available melt water, and adding qualifying words to 
projected outcomes and impacts to make them seem less likely. Another tactic used 
by the Bush administration to thwart the dissemination of science contrary to their 
energy-intensive political goals included requiring scientists nominated for  advisory 
boards to pass interviews that tested them not for their expertise but for their 
 political allegiance (Shulman 2006, pp. 117–123).

1 The climate change denial actions of ExxonMobil and the institutes it supports are well docu-
mented. For example, see Cushman (1998) and Harkinson (2009).
2 A prominent example at the federal level comes from James Inhofe, Republican Senator from 
Oklahoma and the most vocal skeptic of global warming in the Senate, who received $432,950 
between 2005 and 2010 in campaign contributions from the oil and gas industry, $206,654 from 
electric utility political action committees, and $176,983 from lobbyists. It is hard not to imagine 
that he is not saying what the energy industries want him to say. Figures from Open Secrets.org, 
the Web site of the Center for Responsive Politics. Retrieved from http://www.opensecrets.org/
politicians/summary.php?cid=N00005582&cycle=Career

http://www.opensecrets.org/politicians/summary.php?cid=N00005582&cycle=Career
http://www.opensecrets.org/politicians/summary.php?cid=N00005582&cycle=Career
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And while the Bush administration is an extreme case of oil industry influence 
over US policy and opinions, that influence did not appear over night. Rather, as 
Naomi Oreskes and Erik Conway have convincingly shown (2010), it is the culmi-
nation of a long, concerted effort by conservatives to shift policy discussions away 
from scientific facts and the common, global good toward short-term economic 
interests. Following the lead of economists such as Thomas Schelling and William 
Nordhaus, whose reports on climate change in the early 1980s discounted the sci-
ence and leading scientists’ predictions of environmental disaster in favor of eco-
nomic uncertainty and a “wait-and-see” attitude, groups such as the Marshall 
Institute have been churning out “information” about global warming that has never 
withstood scientific scrutiny and whose purpose is simply to cloud the issues and 
to encourage more delay and inaction (Oreskes and Conway 2010, pp. 177–180). 
One such Marshall Institute report, Global Warming: What Does the Science Tell 
Us? (Jastrow et al. 1989), employed tactics such as presenting only the data that 
supported their conclusions and misrepresenting peer-reviewed research to make 
the report look like a credible refutation of climate change science. Because the 
report came from a policy think tank, it had never been peer reviewed, but because 
it appeared to use real scientific data (albeit in an incorrect way), many policy 
makers were duped. Similarly, releasing such reports to the public through conser-
vative media outlets such as the Wall Street Journal has allowed climate change 
deniers to distribute their ideas widely, but when leading scientists have written 
letters to the editor of the Journal to refute the science, the newspaper has either 
refused to print the rebuttals or edited them heavily to reduce their impact. Journals 
such as Science and Nature have eventually published full rebuttals, but to much 
smaller readerships and with the damage already done (Oreskes and Conway 
2010, pp. 209–213).

What the Marshall Institute and the energy industries they serve have always 
realized is that what they write are policy suggestions, and that their audience is 
composed of policy makers. They are not scientists and they are not writing scien-
tific articles that aim to have their science compete in the realm of science with 
other scientific claims. Instead, they have exploited the less rigorous standards of 
mainstream publishing to make their claims and have provided policy arguments 
and supporting materials to like-minded policy makers that say that the science is 
not the main thing to consider when it comes to climate change. And their story 
appeals to so many people in part because it preserves the status quo—no one has 
to do anything different in their version of the future—but in even larger measure 
because they often package these policy suggestions to take advantage of powerful 
elements in American culture.

Given such an overwhelming effort to mislead the public, it is no wonder that 
ordinary citizens such as my letter writing neighbor are convinced that global 
warming is not what the scientists say it is. In fact, the effort to deceive Americans 
about climate change has been so monumental; it would be easy simply to blame 
the politicians and the corporations for the denial of climate science and the per-
petuation of a carbon-intensive way of life. But the situation is more complicated 
than that; in fact, it goes to the very core of American cultural identity. After all, 
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what those corrupt corporations and politicians are really defending is the 
 uninhibited freedom for individuals to emit as much carbon as they can personally 
afford, to buy as many things and to use as much energy as they can pay for. (It is 
no coincidence that several of the climate change denial groups funded by Exxon 
have names like the Frontiers of Freedom Institute and the Free Enterprise 
Institute). And as selfish as that sounds, it is a privilege that resonates with vast 
numbers of Americans. Of course, the corporations are still intimately involved, 
since they are selling what the American people are buying, but a deep complicity 
runs between the average American citizen and the corporations that sell them the 
things they want.

A good way to see this complicity comes from the automobile industry, which 
by nature involves both a carbon-intensive production process and product. Since 
the establishment of fuel efficiency standards in the United States in 1975, the 
American automobile industry has argued consistently for the more lenient stan-
dards that have allowed them to cater to base consumer demands: more passenger 
and cargo space, more powerful engines, and more luxurious interiors. At the same 
time, these more lenient standards have allowed them to focus less on efficiency, and 
more on the idea that a car is not just a car, but an extension of the owner’s personal-
ity. A recent BMW commercial aired in the United States demonstrates this idea 
quite clearly. The commercial depicts beautiful cars being driven by people with big 
smiles on their faces, and the narrator says, “We realized a long time ago, that what 
you make people feel is just as important as what you make, and at BMW, we make 
joy” (BMW 2010). In the United States, big trucks are sold on the idea they make 
the owner tougher, more rugged. Minivans are sold by suggesting that parents are 
better parents if they buy the van that keeps their children safer, or now, better enter-
tained. The car’s efficiency is usually treated as an afterthought, even in ads for the 
most efficient cars. For example, commercials for the popular brand of hybrid elec-
tric and gas car, the Toyota Prius, mainly pitch a certain kind of way of being in the 
world, a personality that makes the world a happier place to live in.

In their “Harmony” TV commercial, Prius promises the buyer “more power and 
more space,” two of the things many Americans want in their car, and that “the 
world gets fewer smog forming emissions.” But the pitch for the environment is 
understated in comparison to the ad’s music and visual effects. The song in the 
background is Loretta Lynn’s, “Let Your Love Flow,” and as we watch the Prius 
drive along a highway, the landscape is transformed from a bland white to a vibrant 
green and blue made up of smiling children in blossoming plant costumes. 
Presumably because in the United States so many people are still in denial about 
global warming, the ad does not even mention the reduction in carbon emissions, 
suggesting instead the reduction in smog (Toyota 2010). Apparently, the important 
thing to take away from the ad is, as BMW put it, how it makes you feel. But this 
sort of identity construction at least is relatively benign in comparison to what hap-
pens in Ford’s “Built Ford Tough” commercials. In hundreds of different ads, vari-
ous aspects of their trucks’ designs are touted as being tougher than their 
competition, with the implication always being, as one ad asks the viewer directly 
at the end, “Are you tough enough?” (Ford 2007). In other words, the overdesign of 
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the truck, adding weight and losing efficiency, is justified by a consumer who also 
wants to be seen as stronger and more capable of physical work than anyone else.

One way to explain this emphasis on individual identity construction, as well as 
the toughness message from Ford, comes from the United States’ frontier history, 
whose mythology has been perpetuated by popular culture since the late eighteenth 
century. In brief, these stories feature individuals who go out into the wilderness 
with just the right tools and supplies and turn that wilderness into civilization. 
These are the stories of early explorers like Daniel Boone and Davy Crockett, but 
also of western cowboys like Wyatt Earp and Wild Bill Hickok who are portrayed 
as individuals who struggled heroically to tame the frontier. Of course the legends 
around these historical figures have exaggerated their accomplishments, and like all 
myths, some things are emphasized over others. It does not matter that Earp had 
brothers and friends, or that Crockett had a wife and children and neighbors helping 
him, the myth reinforces that these men as self-reliant individuals played an enor-
mous role in making the United States what it is today.

American studies scholars have rigorously debated the origins and mythic 
 quality of this rugged American individualism, and not all of that scholarship can 
be revisited here, but one common explanation suggests that, despite the truly inter-
dependent nature of early American life, “throughout the Revolutionary period and 
beyond, most Americans made their livings in agriculturally-based hamlets, or in 
free-standing farmer’s homesteads of one or a few families. These material circum-
stances seem likely to have encouraged a clear sense of economic self-reliance or 
independence in much of the population, which, in turn, may have eventually pro-
moted a generally more individualistic outlook among many settlers” (Grabb et al. 
1999, p. 527). This emphasis on economic self-reliance runs through a great deal 
of American thought, even through the writing of the United States’ greatest cham-
pions of the environment such as Ralph Waldo Emerson, Henry David Thoreau, 
and Wendell Berry, though they each in their own way also accompanied their cele-
bration of independence with warnings not to become “the tools of their tools” 
(Thoreau 1854, p.132). A second explanation for American individualism comes 
from what political scientist Barry Shain calls a conflation of “local communal 
hostility toward the provincial or the imperial (later national) center…with a com-
mon 20th century hostility toward all authority” (Shain, 1994, p. 86).3 Combining 
these two explanations gives us a competent portrait of the consumer that Ford 
truck commercials are trying to reach: Someone who earns his living by himself, 
with his hands, and who does not like being told what to do by anyone, and if not 
that person, someone who fantasizes about being him. In short, my letter writing 
neighbor.

3 Such feelings are not exclusively American; many cultures and peoples feel similarly, even in 
Vietnam, where the saying goes, Phép vua thua lệ làng (the emperor’s law yields to village cus-
tom). But unlike in Vietnam, where there is also a saying, Biết thì thưa thốt, không biết thì dựa 
cột mà nghe (if you know, speak up, if not lean against a pillar and listen), America’s infatuation 
with individualism has led many to believe that all opinions have equal value.
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The values this myth and these advertisements perpetuate are precisely the ones 
he expressed in his letter to my local paper quoted above. The value of rugged 
economic self-reliance and distrust of outside authority combine to express the 
fear that government agencies, scientists, and representatives are using climate 
change as a way to tell him what to do and to take his money. The nexus of cor-
porations, politicians, and conservative media make the situation worse by pre-
senting irrational opinions about individual rights and misleading pseudoscientific 
information as rational counterarguments to the scientific certainty of global 
warming, but to an extent, they are successful because they play on a distrust of 
authority that has been enshrined in a culture and history that many Americans 
believe began with the Declaration of Independence. At the same time, Americans 
are inundated with corporate messages to indulge their sense of individual impor-
tance, to enjoy what they think they have earned, and ignore requests made for the 
common, global good.

Because the only information some Americans get is what they hear on 
 politically motivated radio and television programs, these citizens never fully con-
front the legitimacy of climate change science. But even if these Americans did 
engage with clearly articulated, sound scientific proof of climate change, their feel-
ings of skepticism and distrust, and ultimately the fear of losing their privileged 
access to an overabundance of material goods would most likely prevent them from 
being convinced to do anything. Climate scholar Mike Hulme has applied planning 
theorist Horst Rittel’s term “wicked problem” to these entrenched rejections of 
climate change science because they so intractably defy reasonable problem-solving 
strategies. But Hulme refuses to give up on the idea that it will take everyone in the 
world, especially climate change skeptics, to change our world for the better. 
Coincidentally, his answer to this “wicked problem” employs the exact same 
 methods of myth-making, identity construction, and even a distrust of authoritative 
solutions that helped make the problem so intractable to begin with.

Hulme’s book, Why We Disagree About Climate Change (2009), explores the 
many ways that people around the world perceive climate change, explaining how 
different values, beliefs, and forms of government combine to make “solving” 
 climate change as a problem impossible. Because “solving” climate change involves 
“uncertainty; inconsistent and ill-defined needs, preferences and values; unclear 
understanding of the means, consequences or cumulative impacts of collective 
actions; and fluid participation in which multiple, partisan participants vary in the 
amount of resources they invest” (Carley and Christie 2001, p. 156), no authoritative, 
top-down solution will ever satisfy everyone, even if one could be devised. Instead, 
Hulme argues, “we need to approach climate change as an imaginative idea, an idea 
that we develop and employ to fulfill a variety of tasks for us” (p. 329).

Treating climate change as a source of inspiration frees us to go more directly to 
the forms of identity construction that will allow us to find common ground and 
take action that will help us all. As the Alliance of Religions and Conservation sug-
gests, “Without…[narrative, myth, and metaphor], policies will have very few real 
roots…. Without narrative, few people are ever moved to change or adapt” (Alliance 
2007), and Hulme agrees: “In a world where the globalizing powers of capital, trade 
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and consumption separate us from the local stories that give meaning not just to 
climate, but also frequently to our lives, this [strategy] also offers a way of recon-
necting ourselves with climate through the telling of stories” (p. 356). In other 
words, to mobilize the world to act on climate change, we have to “inspire,” not to 
“convince.” We have to construct stories about ourselves and climate that allow us 
to better examine who we are, who we want to be, and what we want from life.

Such a strategy seems especially well suited to American climate change 
 skepticism. It allows us to build from our mythic past when we struggled to make 
a better life out of an unpredictable wilderness. It allows us to turn that distrust of 
authoritative, top-down decision-making into individualistic, everyday solutions 
that still allow for a high quality of life. And it allows us to construct narratives 
that connect the values of the past with the choices we must make in the present. 
As Hulme suggests, “We can use the idea of global climate change to tell ourselves 
new stories about … the consequences of our collective behaviours. We can use 
the idea of climate change to move beyond the separated categories of the physical 
and the cultural, beyond the framing of climate change that uses the language of 
problem and solution” (p. 357). Thus, we must express the idea of climate change 
in stories that can inspire the world, one individual at a time, to create a new way 
of understanding the choices we make and how they affect people who live far 
away from us.

Based on his analysis of the arguments that have obstructed climate change 
 mitigation strategies in the past, Hulme proposes a taxonomy of four myths that 
represent four human impulses or emotions as a way of understanding how stories 
we tell about climate change might motivate us: (1) Eden, which arises out of our 
sense of nostalgia, (2) Apocalypse, which arises from our fears for the future, (3) 
Babel, which expresses our pride for our sense of mastery and control over the envi-
ronment and other human beings, and (4) Jubilee, which engages with our sense of 
justice, of doing the right thing by others affected more dramatically by climate 
change (p. 358). But in order to know what will motivate a particular group best—as 
scholars of rhetoric and narrative from Aristotle to Kenneth Burke, Wayne Booth 
and others have shown—we first have to know something about the audience.  
A story can only do the work Hulme suggests when you know which story to tell.

For example, the climate story an individual American might tell another indi-
vidual American, over the phone, between father and son or sisters or close friends, 
will be different from the story told by director Roland Emmerich to the American 
mainstream public in the climate change thriller The Day After Tomorrow. The 
story I would tell to my Vietnamese colleagues while working in Vietnam might not 
be the same story I would tell my neighbor when chatting about our gardens and 
the weather. And even within the larger community of climate change skeptics, the 
story I might tell to inspire the writer of the letter to my local newspaper would not 
necessarily be the story I would tell to Jeff Kueter, president of the Marshall 
Institute.

So what would it take to inspire a skeptic like my letter writing neighbor? As 
Shain and Grabb have suggested above, and as the American Tea Party movement 
has confirmed, the idea of America that comes from its revolutionary period is very 
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much alive in the contemporary mainstream United States. The sense of 
 individualism, of disliking being told what to do by some far off distant ruler, of 
this irascibility somehow defining a quintessential American spirit are all common 
features not only of Ford truck commercials but also of contemporary conservative 
discourse. An extreme variant, the Appleseed movement, goes one step further by 
connecting those same characteristics to the type of marksmanship conjured up by 
recollections of minute men militia. When pressed to explain why every American 
should own an AR-15 rifle and know how to shoot it, Appleseed founder Jack 
Dailey expressed the sentiment common to all these groups: “Because they 
[unspecified antecedent, suggesting anyone] want to tell us what to do. And we 
don’t want them to tell us what to do” (Schwartz 2010, p. 41). Here, Hulme’s use 
of four myths can really help make clear what is going on. Fear for the future, 
combined with pride for the mastery over nature and other human beings and a 
sense of justice, have all been wrapped together with nostalgia for a time when 
problems could be solved by shooting at them. But it is the nostalgia that is the most 
important part. When a Tea Partier reaches for that tricorne hat, or an Appleseeder 
reaches for a gun, he or she is reaching for the past.

T. Boone Pickens, the oil tycoon turned wind farm proponent, does the same in 
his attempts to convince conservatives of the need to turn away from imported oil. 
Consider the rhetoric from his Web site for the Pickens Plan: “Lend your voice to 
the call for American energy independence….We are organizing the New Energy 
Army in every Congressional District” (Pickens 2010). This is not about reducing 
our carbon footprint—it is a revolutionary call to arms!

But there is more from the American Revolution than just guns and indepen-
dence that will resonate with Americans today. Stories of imperial imposition were 
commonplace in late eighteenth century colonial America, stories that told of unfair 
taxes yes, but also local stories of being taken advantage of by someone far away, 
stories of the inherent injustice in a colonial system that featured a distant king tell-
ing people what to do with the land they lived on. These stories involved real people 
who were forced to quarter soldiers in their homes, real people whose access to 
their local forests and its resources was limited by the Broad Arrow policy, real 
people whose potential was limited by the Royal Proclamation of 1763 barring 
them from westward migration.4 The Revolution was the means through which they 
expressed their independent spirits, refused to be hobbled any longer, sacrificed 
their time and revenue, and rose to their full potential.

Stories that equate corporate greed, excess, and callousness with imperial rule 
can be marshaled in the same way, and have been already, perhaps most notably in 
the case of BP’s former American CEO Tony Hayward’s yachting vacation during 
the massive 2010 oil spill in the Gulf of Mexico. The same could be said for the 
public outcry in 2008 when gasoline prices went through the roof while the oil 
companies posted record profits and their CEOs raked in outrageous salaries and 
benefits.

4 For examples of these stories, see Roberts (2010) and Calloway (2006).
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But even these have not been enough to inspire my letter writing neighbors to 
give up their big trucks, ATVs, and snowmobiles. What else can be done? 
According to Hulme, it is “the local stories that give meaning not just to climate, 
but also frequently to our lives” (p. 358) that need to be told, so perhaps the stories 
my neighbors need to hear are the ones from local scientists predicting what cli-
mate change will mean for folks right here in my little mountain valley. Will cli-
mate change mean less snowfall? Will less snowfall mean fewer opportunities for 
skiing and snowmobiling? Will less meltwater mean the end of agriculture in our 
valley? Will droughts leave our forests more susceptible to mountain pine beetles 
and eventually wipe them out? Stories like these—intertwined with stories of fam-
ily outings, camping and fishing and hunting stories, stories of local adventure—
may finally touch the things my neighbors care about, help them imagine how 
their own lives will change in a warmer world, and make them nostalgic for the 
important role climate plays in the places and activities they hold dear. Motivating 
them to do something might then rely on appeals to the injustice of corporate indif-
ference to climate, to their own frontier spirit, or to doing something locally before 
the federal government imposes a solution from outside. But the rub will always 
be to get their attention first with something that already interests them, and the 
more local the origin of the story, the science, the activities, and the impacts, so 
much the better.

Of course, this is not how new science tends to be disseminated. Instead, the 
bigger the news, the more important the national journal it comes out in. And most 
scientists probably do not want to spend all their time writing different versions of 
their work for different audiences. In these cases, perhaps collaboration with writers 
from various locations likely to be impacted by what the scientists have found 
would help get the job of adapting their work to local audiences done. Greater 
partnerships between scientists doing cutting-edge climate research and local writ-
ers who can publish in the types of newspapers, magazines, and Web sites that 
skeptics already read stand a much better chance of inspiring the presently unin-
spired than even the best-written article in top journals like Science and Nature.

But not everyone in the United States who still remains somewhat skeptical of 
climate change science need so much frontier, Daniel Boone-type inspiration. 
Many others, still less than literate in science, still unsure what to make of the 
 conflicting claims, but with good hearts can be inspired by stories arousing their 
compassion and sense of justice. Moderately conservative “soccer moms” and dads 
around the country have already shown how issues that concern the health of their 
children can bring them to support environmental legislation and more climate 
friendly local and organic agriculture. Stories about their children’s relationship 
with climate in the future could be effective, but so too could stories about the suf-
fering of others. As writers such as Donald Brown have argued, ethical arguments 
about climate change need to be made more prominently in the United States 
(Brown 2010), and this group in particular seems likely to be a receptive audience 
to stories about the unequal distribution of negative effects of climate change and 
how children in other places around the world will have to bear a much greater 
burden than their own.
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The clarity of this injustice will not be lost on such an audience. The biggest 
carbon emitters have well-developed economies and mainly occupy temperate 
zones with greater elevations that will allow them to better weather negative 
impacts. Meanwhile, developing countries like Vietnam that have small carbon 
footprints, tropical climates, and low-lying coastal geography are predicted by the 
World Bank to suffer the worst of the consequences (Dasgupta et al. 2007). Put 
succinctly, Vietnam and countries like it are being forced to pay the true cost of the 
United States’ culture of consumption. With a compassionate audience, a story 
about the loss of ancestral lands, cultural customs, or displacement can resonate and 
make a difference, as long as it is centered around people and life experience, not 
just a vehicle for the science of sea level rise. This is the type of audience who can 
hear arguments about the injustice of the United States’ carbon culture and how the 
overconsumption of goods and energy in the United States causes devastation in 
other parts of the world and be inspired to act. But because these stories have to 
some extent already begun to be told, perhaps the problem is less of content and 
audience but of distribution, and the solution may again lie with the need for help 
from more local writers, with more of these stories in local publications linking the 
rest of the world to even the smallest communities in the United States.

And while the focus of this chapter so far has been on the political and cultural 
origins of US climate change skepticism and the kinds of narratives that might 
inspire those skeptics into action, it is important to recognize that this process of 
adapting global science to local audiences must occur everywhere in the world, 
using narrative to link each and every locality to the political, cultural, and indi-
vidual choices that impact and will be impacted by climate change, because the 
story of the injustice of climate change does not simply end with lifestyles in rich 
nations causing a disproportionate amount of climate affects in developing nations. 
In fact, it has a historical dimension and a contemporary quality of life dimension 
that makes the story even more complicated. The culture of consumption5 and 
aggrandized individualism that has made the United States the leading carbon pro-
ducer for decades has now become a global phenomenon, and the carbon emissions 
for developing nations have begun to rise, most dramatically in China, whose recent 
exponential growth in manufacturing and electricity production and consumption 
has brought it to the top of the list of yearly emissions, but also in Vietnam, whose 
carbon emissions increased by more than 300% between 1995 and 2005 (CAIT 
2010). China’s climate change ambassador Yu Qingtai has made strong arguments 
for considering the historical record of CO

2
 emissions as the basis for future emis-

sions reductions, arguments that attempt to reconcile the injustice of the West’s 
carbon-intensive colonial period with the victims of that period’s need to emit car-
bon to catch up with the West’s infrastructure and standard of living (Vaughan 
2009). But while this makes perfect sense historically and in terms of righting a 
wrong from the imperial past, to say that developing nations should emit as much 

5For an historical analysis of how Americans came to associate the accumulation of material 
things with status and personal identity, see, for example, Cohen (2003).



956 The Politics and Culture of Climate Change: US Actors and Global Implications

carbon as have the developed nations does not make a lot of sense for the planet. 
What is needed is green development, development that gets the same social and 
economic results but without emitting the same amount of greenhouse gases.

Unfortunately, recent changes in Vietnam’s Mekong Delta do not appear to be 
the kind of development that ultimately will be sustainable. The Intergovernmental 
Panel on Climate Change has predicted a 1–3 m rise in sea levels over this next 
century, which means that a significant portion of Vietnam’s arable land will be 
submerged. With just a 1 m rise, 5% of Vietnam will be under water, and with the 
IPCC’s worst-case scenario, a 5 m rise, 16% of Vietnam disappears beneath the 
waves. In all cases, the areas hit first and worst are the fertile river deltas where 
much of the nation’s crops are grown, and where most of the people live. In the 5 m 
scenario, nearly 40% of the population—over 34 million people—will be displaced 
(Cruz et al. 2007). This is why the World Bank has predicted that Vietnam will be 
one of the five countries most impacted by climate change, with the world’s worst 
impacts in lost GDP, population displacement, and urban areas destroyed (Dasgupta 
et al. 2007). And yet, despite these dire warnings, many Vietnamese are rushing 
headlong toward a far greater carbon-intensive way of life.

One of the ways Vietnam has traditionally managed to keep a low carbon profile 
is local, sustainable production of food. For millennia, crops were grown for local 
consumption, rice paddy was rotated with mung beans and other fallow crops for 
nitrogen fixing, and grazed by buffalo and ducks for fertilizer. But now most of the 
rice grown in Vietnam is done so for export with the aid of chemical fertilizers, and 
the rice preferred by the Vietnamese to eat comes from Thailand (Vietnam News 
2010). Many farmers in the Mekong Delta have given up traditional farming alto-
gether, and have turned to raising shrimp because it is perceived to be the only way 
to get ahead financially. But whether such entrepreneurs can actually get ahead is 
uncertain, and converting a farm from traditional, sustainable agriculture to shrimp 
aquaculture suddenly turns formerly carbon neutral land into one of the many cogs 
in a global greenhouse gas making machine.

Mr. Bich, a shrimp farmer in the Mekong Delta’s Vinh Chau District, explained 
his experience making this transition. An international shrimp food producer gave 
him the loans to have his paddy excavated for shrimp ponds and to buy his initial 
stock of fry, the necessary equipment such as feeders and water agitators, and 
shrimp food. The food, which he had to sign a long-term contract for, comes from 
“trash fish” harvested from fisheries off the Pacific coast of South America. Since 
Mr. Bich converted all his land to shrimp production, the earnings he makes from 
the shrimp now have to provide enough to pay back the loan and continue to buy 
the contract’s worth of shrimp food, plus all his other costs of living including the 
food he and his family eat, which may now come from as far away as Thailand, 
China, or even the United States. The land has been stripped of vegetation to 
increase the temperature of the ponds, which is good for producing shrimp, but not 
so good for keeping the house cool, preventing erosion, or growing fruits or vege-
tables for family consumption. Maybe if Mr. Bich were the only one who has done 
this, the impact would be minimal, but of course he is not alone. With the encour-
agement of both the provincial as well as the national government, many Vietnamese 
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farmers have converted their farms completely to aquaculture—up to 98% of all 
farmers in some Mekong Delta districts (Ngo 2010).

When asked why he decided to switch to aquaculture, unsurprisingly Mr. Bich 
answered that he had heard a story about someone else in his district who had made 
a fortune that way. Here too narratives are playing an important role. But what other 
narratives, what “local stories that give meaning not just to climate, but also fre-
quently to our lives” might be told in the Mekong Delta to raise awareness of 
impending climate changes and consequences?

Of course, the Vietnamese will know the best answers to this question. As an 
outside observer of Vietnamese culture, though, some possibilities come to mind. 
Ho Chi Minh’s famous remark, “Không có gì quý hơn độc lập, tự do,” (Nothing is 
more precious than independence and freedom) can be found on posters in public 
spaces throughout Vietnam. Stories that highlight sustainable agriculture could 
certainly draw on this sentiment, especially in contrast to the situation of having to 
follow the dictates of contracts with foreign companies to which one is perpetually 
in debt.

More generally, care for the environment can frequently be found in Vietnamese 
folk literature. Stories from folk tradition can do the same kind of work that myths 
of origination do to tap into deeply held and often unquestioned beliefs, feelings, 
and motivations. For example, most Vietnamese will already know the story of 
Chu Cuoi, the boy in the moon. In brief, the story involves a boy who finds a magic 
tree whose leaves heal all wounds and illnesses. He knows he must care for the 
tree diligently, and that as long as he does so, it will provide for him, but when he 
finally does allow it to be mistreated or neglected, the tree pulls up its roots and 
begins to rise into the sky. The boy quickly latches on, trying to weigh it down. 
But the tree continues upward, stranding the boy in the moon, where he sits to this 
day, playing his flute and pining for his terrestrial home. Different versions of the 
story change some of the details, but the essence of the story is always the same: 
the boy has an obligation to the tree and there are sad consequences when that 
obligation is not met.

To better highlight positive, proactive behavior, one might harness the story of 
Mr. Thirty, a tiger who takes care of an old woman after killing her son. In her grief, 
the woman roams the forest until she finds the tiger and then scolds him for pre-
venting her son from caring for her in old age, shaming him deeply. The tiger 
begins to make up for her loss by delivering wild game to her door, and supports 
her for the rest of her life. Even after her death, the tiger continues to bring an offer-
ing of food to her grave on the thirtieth day of each lunar month. The story reminds 
us of the dangers the environment holds, as well as its ability to care for us when 
we act dutifully and with respect. It is also a story about obligations and the need 
to think about the larger ramifications of our actions.

But as before, every audience will be different, and so these stories may or may 
not resonate. For young, urban Vietnamese, perhaps the stories they most need to 
hear are ones that take what they may already know—climate change is real and 
will have huge negative impacts on Vietnam—with what they may not put 
together—that the endless pursuit and accumulation of material things such as the 
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latest, most fashionable motorbike, car, or cell phone, when multiplied around the 
globe makes climate change’s worst-case scenarios all the more likely. Vietnamese 
youth are also great candidates for telling stories of their own, for connecting with 
the rest of the world and making people in the industrial West understand how their 
lifestyles affect one another.

Telling stories about climate change that intertwine the deepest roots of our 
cultures with real people making real decisions in the world today can help us 
achieve what Hulme suggests:

We should use climate change both as a magnifying glass and as a mirror. As a magnifier, 
climate change allows us to conduct examinations—both more forensic and more honest than 
we have been used to—of each of our human projects: whether they be of projects of personal 
well-being, self-determination, liberated or localized trade, poverty reduction, community 
building, demographic management, or social and psychological health. Climate change 
demands that we focus on the long-term implications of short-term choices, that we recognize 
the global reach of our actions, and that we are alert both to material realities and to cultural 
values. And as a mirror, climate change teaches us to attend more closely to what we really 
want to achieve for ourselves and for humanity. (pp. 362–363)

Stories can connect us with our past and inspire us to make good decisions for the 
future, all while providing a better understanding of the global dimensions of our 
actions in the present. Whether inspiring climate skeptics in the United States to act 
for the greater good, or helping farmers in Vietnam to imagine other ways to lift 
themselves out of poverty, scientists must become storytellers too, or enlist the help 
of local storytellers to adapt facts and predictions to plots and narrative, to give the 
science flesh and bone and heart.

Neither Hulme nor I mean to suggest that narrative alone can help us address 
global climate change. Only through science can we begin to know the full range 
of physical effects a warmer world will create. But as the interdisciplinary nature 
of this volume demonstrates, it will take approaching climate change from every 
conceivable intellectual direction to know what climate change will mean, and it 
will take stories that reflect each of our own cultures’ values and aspirations to 
inspire the world, one individual at a time, to act.
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Abstract In recent decades, the concept “precarious work” has gained great 
 currency in the literature of the social sciences. Generally speaking, “precarious 
work” is defined as work that is uncertain, unstable, and insecure, wherein the 
preponderance of risks is borne by workers rather than by employers or govern-
ment. Up until now, the concept has almost always been used with reference to 
wageworkers employed, whether formally or informally, in the manufacturing or 
service sectors. In this chapter, we broaden this valuable concept by extending it to 
the agricultural sector and by including various types of “insecure” agriculturalists –  
whether wage laborers, tenants, or owner operators – in its embrace. More spe-
cifically, we apply the concept to farmers and farming in the Mekong Delta. Rice 
farming in the Mekong Delta has never been easy, seldom been secure, and never 
been risk-free. Year-to-year fluctuations in weather conditions alone are enough to 
render farm life in the region so. Over the past two decades, though, uncertainty, 
instability, and insecurity have risen for many Delta farmers as a result of market 
reforms in Vietnam beginning in 1986, the vagaries of world commodity prices, 
changes in health care, disability, and pension schemes in the country, a variety of 
environmental changes associated with the modernization of rice agriculture and 
the increase of poorly monitored industry, and now, the threat of significant, if not 
drastic climate change, which has the potential to increase uncertainty, instability, 
and insecurity exponentially. We have used a variety of sources, including field 
investigations, to demonstrate the relevance of the “precarious work” concept to the 
Mekong Delta’s rice cultivators.
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In the heat of mid-day, I plough my field
My sweat falls drop by drop like rain on the ploughed earth
Oh, you who hold a rice-bowl in your hands
Remember how much burning bitterness there is
In each tender and fragrant grain in your mouth

–traditional Vietnamese song

In recent decades, the concept “precarious work” has gained great currency both in 
policy circles and in the literature of the social sciences. Generally speaking, “pre-
carious work” is defined as work that is uncertain, unstable, and insecure, wherein 
the preponderance of risks is borne by workers rather than by employers or govern-
ment (Kalleberg 2009; Ross 2009). Up until now, the concept has almost always 
been used with reference to wageworkers employed, whether formally or infor-
mally, in the manufacturing or service sectors. Here we propose to broaden this 
valuable concept by extending it to the agricultural sector and by including various 
types of “insecure” agriculturalists – whether wage laborers, tenants, or owner 
operators – in its embrace. More specifically, we shall apply the concept to farmers 
and farming in the Mekong Delta, and, in so doing, utilize written records and 
interviews as well as our own fieldwork conducted in 2009.

Farming in general – and rice farming in the densely populated Mekong Delta in 
particular – has rarely been easy, seldom been secure, and never been risk-free. Deltas 
in general are fluid and dynamic environments that are both rich in ecological energy 
and highly unstable. The conditions that make the Mekong Delta and other deltas 
richly productive areas for agriculture also make for instability and precariousness. 
Floods that deposit upstream topsoil sediments can also sweep away efforts to culti-
vate them. The tidal currents that create dynamic swirls of energy at river mouths can 
also create conditions too saline for most agricultural crops. The hugely productive 
agricultural zone (about 40,000–45,000 km2) of the Mekong Delta – the rice basket 
of Vietnam – is also a region of often unpredictable environmental change.

Year-to-year fluctuations in growing conditions are alone sufficient to render 
farm life precarious in the Delta today, and the effects of historical power asym-
metries of various kinds – exploitative landlord–tenant relations, most notably – 
have left much of the population of the Delta without many safeguards against one 
or another possible calamity (Robequain 1939, 201–270; Sansom 1970, 18–52; 
Brocheux 1995; Biggs 2003; Cooke and Tana 2004; Biggs 2008; Biggs et al. 2010). 
Before going any further, let us be clear, though: Precariousness is not new to the 
area’s inhabitants, and current problems in some ways seem less imposing in com-
parison to those caused in the past by heavy flood years, famines, and decades of 
war. It is, however, probably unproductive in any case to spend too much time 
assessing whether life is more precarious for the Delta’s population today than 
was the case in earlier periods.1 Reworking Tolstoy for our own purposes, it seems 

1 On the history of rice-growing in the Delta, see, for example, Xuan and Matsui, eds. (1998) and 
Biggs and Cronon (2011).
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fair to say that life has always been precarious, if not unhappy in the Delta, but 
 precarious in its own way. And over the past two decades, uncertainty, instability, 
and insecurity have taken new forms in the region, due in part to the changing 
political economy of Vietnam, but also to the changing environment, and to 
upstream engineering projects on the Mekong River itself.

In most explanations of the precarity of work in the Delta today, the 1986 market 
reforms in Vietnam – and the concomitants of such reforms for agriculture – figure 
prominently. In this regard, experts point in particular to the transformation of land 
tenure patterns since 1986; to increased competitive pressures; to the growing vul-
nerability of many agriculturalists to powerful “middlemen” and to the vagaries of 
world commodity prices; to increased rural inequality; and to the dismantling of the 
socialist welfare network, which led beginning in 1989 to steps toward privatization 
and to an attendant reduction in access for many in the countryside both to adequate 
health care and to tolerable disability/pension schemes. Some experts point as well 
to the declining status of Delta farmers, particularly rice growers, as the agricultural 
sector becomes more diversified, and Vietnam as a whole moves into higher value-
added economic activities of one sort or another, and to the continued déclassé 
status of many minority Khmer and Cham farmers in the region. Although the 
market reforms have obviously brought numerous benefits to the Delta as well – 
Vietnam is now consistently number two behind Thailand as a rice exporter and, 
largely as a result, mean household income in rural parts of the Delta has risen 
significantly – such benefits have not been distributed evenly among the region’s 
vast rural population (Kerkvliet et al. 1995; Ladinsky et al. 2000; Mekong Delta 
Poverty Analysis 2004; Taylor 2004; Adams 2005; Rama 2007; Varis 2008).

None of this is to suggest, however, that the increased precariousness of rice 
 farming in the Delta is due solely to the market forces unleashed in 1986.2 Delta 
rice farmers, like fellow agriculturalists in many parts of the developing world, 
also face an array of “legacy” problems resulting from history, as it were. The 
“path” taken by the Delta – a path marked by colonialism and exploitation, wars, 
and inefficient and often inept state economic policies – resulted inexorably in 
deficiencies in and/or malfunctioning of key infrastructural supports and institutional 
arrangements necessary for equable and sustained growth. In the rice sector – still the 
most important sector by far in the Delta – any short list of such problems would 
include the dearth of modern transportation and communications systems; milling, 
grading, and inspection capabilities of uneven quality; inadequate crop-storage 
facilities; insufficient (and often expensive) mechanisms of agricultural finance; 
the absence of “income-smoothing” tools such as crop insurance and futures 
contracts; inefficient, nontransparent land markets characterized by high transac-
tions costs; rudimentary provisions for rural education; underfunded agricultural-
research infrastructure, the capacity of which – despite some very creative 

2 Much of the material in this section is derived from the following interviews with experts on rice 
production in the Mekong Delta: Interview, Vo Tong Xuan, February 3, 2009, Ho Chi Minh City, 
Vietnam; Interview, Senior Staff, Mekong Delta Development Research Institute (MDI), February 
4, 2009, Can Tho, Vietnam; Interview with Nguyen Xuan Lai and Luu Hong Man, Cuulong Delta 
Rice Research Institute, February 5, 2009, Thoi Thanh, Vietnam.
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initiatives designed to reach practicing farmers – is uneven at best; and oligopolistic 
agricultural middlemen and intermediaries. Some critics also point to corruption 
in the private sector and public sector alike (Brocheux 1995; Minh and Kawaguchi 
2002; Smith et al. 2007).

Exacerbating – and in some cases growing out of – the concerns mentioned 
above are another set of problems related to rice cultivation regimens and practices 
in the Delta. Holdings are generally tiny in the delta (generally about a hectare or 
two per farm household), which inhibits mechanization. When mechanized equip-
ment is employed in rice production in the region – and more is being used each 
year – such equipment is all too often still rudimentary and of questionable quality, 
and yields a relatively high postharvest loss. For the most part, agriculture in the 
delta, as in the rest of Vietnam, is still labor intensive – almost 56% of the country’s 
labor force is still engaged in agriculture – but labor productivity is low. Indeed, 
despite the fact that more than half of the country’s labor force remains in the agri-
cultural sector, that sector constitutes only about 21.4% of GDP. By way of con-
trast, in the US agriculture accounts for about 0.5% of the labor force and 1.2% of 
GDP. Moreover, though many agriculturalists are largely idle in the Delta for long 
periods during the year, during the busy harvest season labor shortages invariably 
arise in various parts of the region (Kerkvliet et al. 1995; Ladinsky et al. 2000; 
Mekong Delta Poverty Analysis 2004; Taylor 2004; Adams 2005; Rama 2007; 
Varis 2008; VietNamNet Bridge (2010); CIA World Factbook 2010).

Clearly, then, the list of problems plaguing the agricultural sector of the Mekong 
Delta is a long one. It should be noted – indeed, stressed – though, that the region’s 
farmers have proved themselves at once resilient and in many ways utterly ingenious 
in the way that they have adapted over time to make ends meet in this fertile, but 
difficult and constantly changing agricultural environment. It should be noted, too, 
that in recent years they have been getting some important institutional help, which 
help is certainly welcome, even if it offers no panacea for the region’s myriad agri-
cultural ills. For example, several research centers in the South have been collabo-
rating with Delta farmers in the creation of a range of new seed varieties. Expensive 
hybrids are not yet in wide use, but the new seed strains are nonetheless expensive 
relative to other costs, and, truth be told, decisions regarding variety and seed 
choice are often akin to risky games of chance where farmers with very incomplete 
information are compelled to bet on what market demand will be like during harvest 
time. The problems faced by farmers and traders in 2008 illustrate this point. In that 
year, Delta farmers bet big on a high-yielding but low-grade new variety, IR50404, 
and then found that there was little demand for it among exporters, who instead 
wanted so-called fragrant rice. Farmers had trouble selling IR 50404 in the domestic 
market as well – and ultimately often found themselves selling their crops at 
makeshift stalls in Can Tho and HCMC markets and, at very low prices, at roadside 
stands on the outskirts of HCMC.3

3 See the interviews cited in note 2. Also see “Scramble to Get Rid of Rice at Low Prices,” Thanh 
Nien, November 15, 2008, http://www.thanhniennews.com/features/?catid=10&newsid=43758.

http://www.thanhniennews.com/features/?catid=10&newsid=43758
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Delta farmers are getting institutional help from outside the area as well. 
Agronomists and soil scientists in other parts of Vietnam – and from research 
centers such as the International Rice Research Institute (IRRI) in Los Baños, 
The Philippines – are also doing important work on rice-varietal improvement, 
more sustainable practices, and soil reclamation in the Delta. Here, too, the 
results have thus far been rather mixed. Important research findings often fail 
to reach Delta farmers, are viewed with skepticism by them, or in fact are irrel-
evant to the highly textured environmental conditions of different locales in the 
rice-growing areas of the Mekong Delta. Consequently, so-called soil-mining 
practices are unfortunately still all too common, accompanied by the wide-
spread use of fertilizers – sometimes commercial, but generally bio-fertilizers 
of one sort or another – and the widespread and indiscriminant use of dangerous 
pesticides and herbicides. On the other hand, it should also be pointed out that 
a growing cadre of progressive farmers in the Delta have experimented with 
different crop mixes and rotations, with older varieties of rice which yield less 
but have greater resistance to mono-crop problems, with more responsible use 
of agricultural chemicals, and with Integrated Pest Management at least to 
some degree.

What is the upshot of such crosscutting developments on rice yields and quality? 
In general, rice yields in the Delta, though rising, remain far lower than in leading 
producing and exporting regions, including nearby Thailand, the world’s leading 
exporter. And the quality of Vietnamese rice remains open to question, too, at least 
in the minds of most consumers in wealthier markets, forcing Vietnam to sell most 
of its rice cheaply, mainly in poorer developing countries in Asia, Africa, and other 
parts of the world.4

And what about the broader effects on risiculture in the Delta and on the 
region’s rice farmers themselves? For decades now, development experts, agricul-
tural policymakers, and research scientists in the Delta have been pushing hard to 
get the region’s farmers to modernize, to consolidate plots into bigger holdings 
and to move, at the margin, out of rice and into higher value-added mixed farm-
ing/aquaculture systems, if not out of agriculture altogether. Regarding this last 
point: Many experts have assumed that the principal problems impeding the 
Delta’s development grow out of the fact that far too high a proportion of the 
region’s labor force is still lodged in the relatively inefficient agricultural sector 
of the economy. Many farmers have, explicitly or implicitly, acted on this 
assumption, quitting agriculture or scaling back to part-time agricultural status 
– often setting back agricultural reform efforts, in so doing – in order to join the 
swelling ranks of laborers in urban industrial zones within or outside the Delta. 
Whether or not the experts’ assumptions about exiting agriculture are in fact valid 
is debatable, however, for without a sufficient quantity of viable and sustainable 
off-farm employment opportunities, life can become even more precarious for 
erstwhile farmers.

4 See interviews cited in note 2.
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Despite some small successes, it is fair to say that reformers have much more 
work to do before the Delta’s agricultural sector “takes off” and begins to reach 
its formidable potential. Small farmers in the region, particularly poorer, less 
educated ones in more isolated parts of the Delta continue to struggle the most in 
terms of integrating their agricultural schemes and marketing arrangements into 
larger economic systems of one sort or another. Further complicating agricultural 
reform at all levels in the Delta are demographic concerns – not only absolute 
numbers, but density, and population growth rates – and far-reaching environ-
mental issues. The legacy of environmental despoliation in the past is a signifi-
cant problem, obviously, but one that arguably pales in comparison to the 
potentially dire threats posed by climate change and by dam-building initiatives 
(mainly Chinese) on the upper Mekong, which will complicate and likely render 
even more precarious the lives not just of farmers but of everyone who calls the 
Mekong Delta home (Kerkvliet et al. 1995; Ladinsky et al. 2000; Mekong Delta 
Poverty Analysis 2004; Taylor 2004; Adams 2005; Rama 2007; Varis 2008; 
Sajise et al. 2010).

Not surprisingly, over time attempts to stabilize and structure the fluid balance 
of water and soils in the Delta so that rice can be cultivated intensively – two and 
sometimes three crops a year – have in turn made this cultivation unsustainable in 
some locations. Soil fertility is declining in parts of the Delta, for example, espe-
cially in those areas where diking and dams have thwarted annual silt-laden inun-
dations. In other places (such as the Plain of Reeds), the release of acids by the 
digging of new canals or by attempts to cultivate soils that are already acidic have 
compounded the problem that is a perpetual one for irrigated agriculture: Soils that 
become too acidic for crop cultivation, in this case, the cultivation of rice. In some 
locales adjacent to major branches of the Mekong, changes in water dynamics and 
in shorelines because of massive excavations of sand for sale to developers in 
places such as Singapore have also caused problems. Moreover, wetlands and for-
ests that are important buffers to rice lands have shrunk as rice cultivation has 
expanded, and biodiversity in general has suffered the same fate in the Delta as it 
has everywhere that monocultures have expanded.5

Pollution of several kinds compromises the quality of Mekong environments 
as well. Facilities for water and waste treatment are minimal in the Delta, and 
problems arising from pesticide flush have become serious in some places in the 
Delta. Similarly, as manufacturing production increases in the Delta, the indus-
trial pollution of air and water has become a recognizable problem and one that 
has been poorly regulated. Each of these problems is amplified by neglect; the 
government, lacking both capacity and capability, has not yet developed compre-
hensive land-use plans for the Delta, nor in spite of a couple of highly publicized 
cases demonstrated much vigor in attempting to eradicate the sources of environ-
mental degradation (Kerkvliet et al. 1995; Ladinsky et al. 2000; Mekong Delta 

5 One study of the Mekong Delta concludes that about 42,000 hectares of forestland were lost to 
rice and shrimp culture expansion between 2001 and 2005. See Nguyen (2008).
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Poverty Analysis 2004; Taylor 2004; Adams 2005; Rama 2007; Varis 2008; 
Sajise et al. 2010).

All of the above problems are increased by changes in the very foundation of 
Delta agriculture, that is, in the environmental conditions that make it possible. 
The threat to the current configuration of people and environments in the Delta by 
 climate change is especially striking. Climate, as one scientist tagged it, is a “cha-
otic beast,” and scientific efforts to make predictions about where climate change 
will take us are therefore not precise. There is still much uncertainty about the most 
likely climate-change scenario for the Delta. That said, given the ecological fragil-
ity of this low-lying region and its vulnerability to sea level rise, saline intrusions 
and changes in flooding patterns, it is no wonder that the effects of climate change, 
both the effects already experienced and those projected for the future, are sources 
of considerable anxiety in the Delta today.

With most of the region just a few meters above sea level, even small increases 
in sea level due to climate change – in this case global warming – can have pro-
foundly dislocating and disruptive effects. A rise in sea level of just 1 m could dis-
place multitudes and, in so doing, cause untold harm to millions of agriculturalists 
in the Delta, while perhaps providing smaller numbers with new economic opportu-
nities. For example, with such an increase, salt water would intrude further upon the 
Delta, increasing soil salinity to levels that would make considerable swaths of the 
Delta unsuitable for rice production. The global warming trend we have seen over 
past decades is already endangering rice cultivation in the Delta, as increasing night 
temperatures cause increased plant stress and thence lower yields. If rising sea levels 
and increased salt-water intrusion in lower reaches of the Mekong might help some 
inhabitants in the region – people employed in aquaculture, for example – such 
benefits would hardly compensate for the millions of rice cultivators adversely 
affected by climate change (Kerkvliet et al. 1995; Ladinsky et al. 2000; Taylor 2004; 
Adams 2005; Rama 2007; Varis 2008; Sajise et al. 2010).6

Further complicating the environmental difficulties posed by rising sea levels 
and climate change are the myriad problems posed by the building of upriver dams. 
Although dam-building initiatives by the Chinese have quite rightfully received 
most of the attention, dams built by the Thais, Laotians, and Cambodians on 
tributaries of the Mekong have created problems as well. Since the first Chinese 
dam on the Mekong (at Manwan) began operating in 1993, the flow of water into 
the Delta from the north has been considerably reduced. Moreover, levels of sedi-
ment discharge and seasonal water flows into the Delta have been profoundly 
affected. As more Chinese dams are built on the river – two others are now in opera-
tion, another is scheduled for completion in 2012, and plans are being made for as 
many as eight or nine more – problems will only concatenate. According to a recent 

6 At least one study, of rice production and climate change in China, has explained that rising CO2 
levels would extend the rice-growing season, reduce low-temperature injury, and allow some 
northern expansion of rice-growing, although the authors also acknowledge that any gains might 
be reduced through increased plant diseases and pest injury and a concomitant increase in the use 
of pesticides, as well as a decrease in water resources available. See Yao et al. (2009).
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report by the Mekong River Commission (MRC), water levels in the Mekong River 
are today at record low levels, endangering the livelihoods, if not the lives of scores 
of millions in a number of different countries in Southeast Asia. While low levels 
of rainfall across the region in recent years have contributed to the problem, many 
experts place the burden of the blame on China’s aggressive dam-building  campaign 
over the past two decades, a campaign some have seen as an attempt by the Chinese 
at “hydro hegemony” over its downriver neighbors in Southeast Asia (Straits Times 
[Singapore] 2010; Osborne 2006, 223–278; Osborne 2007; Zeitoun 2007; Pomeranz 
2009; The Economist 2010).

Delta farmers, dependent not only on water for irrigation but also on soil- 
enriching sediments from the river, obviously stand to lose, as do fishermen and 
women. The Mekong basin is the most important inland fishing zone in the world, 
and dam-induced changes in the flow – velocity, displacement, turbidity, and 
 temperature – can have, indeed, are already having major impacts on the fisheries 
of the Mekong. Fish yields are falling; certain species (great freshwater catfish and 
freshwater dolphins in particular) are becoming increasingly endangered; and the 
complex seasonal rhythms of the Tonlé Sap, Cambodia’s Great Lake – the fish 
from which are responsible for some 60% of the protein intake of the Cambodian 
population – is being disrupted. Thus, with problems arising from rising sea levels 
and salt-water intrusion, on the one hand, and, on the other, from upstream 
changes in the Mekong due to dam-building (as well as deforestation and the 
release into the Mekong of various and sundry toxins in rapidly industrializing 
southwest China), life for farmers, fishing populations, and everyone else in the 
Delta is in an environmental sense increasingly precarious (Straits Times 
[Singapore] 2010; Osborne 2006, 223–278; Osborne 2007, 2009; Zeitoun and 
Warner 2006; Zeitoun 2007; Pomeranz 2009; The Economist 2010).

In order to underscore both the complexities of rice production in the Mekong 
Delta and the precariousness of the venture even in the best of circumstances, let 
us look briefly at a few specific cases – based on farmer informants – from different 
parts of the region. In summarizing what might be called their business plans or, 
more properly perhaps, livelihood strategies, we hope also to demonstrate just how 
difficult it is to make sweeping generalizations regarding agriculture in such a var-
iegated, fluid, and dynamic environment.7

Case I: The proprietors of a rice farm in Tan Thanh District in Long An Province (on 
the Plain of Reeds) that is less than two hectares in size and has been recently cleared 
from melaleuca forest and planted with seed from the district agricultural office, 
grow glutinous rice for market – which is sold to rice buyers by an oral contract 
while the crop is still in the field. The buyers coordinate the harvest for a percentage 
of the crop and pay in cash. A nearby road makes it easier for these growers to connect 
with buyers and for buyers to bring mechanical threshers and other equipment to 

7 All three field visits and interviews, along with supplementary interviews of seed-sellers, a rice 
miller, a tool and implements maker, and several rice traders, were conducted over a 4-day period 
(February 3–6, 2009), in Long An, Dong Thap, and An Giang provinces.
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harvest the crop. These farmers also raise ducks and chickens and fish in the field 
for market and household consumption – one informant on the farm said he raised 
enough fish in the fields and irrigation canals to “feed his family.”

Case II: Another farm family near Canal #12, also in Long An Province. This 
family, which carved its farm out of maleleuca forests, has been able to gain a 
competitive advantage through a variety of means: By working a larger (four 
hectare) rice plot; by storing rice in its house and then bargaining with the stream 
of buyers plying the adjacent canal until the patriarch procures a good price; by 
using hired labor and machines – a Japanese hand-held tractor for tilling, a hand-
pulled seeder, a small thresher – and by operating without loans. This farm was 
also very much a family operation. The hard-working head of the family, who had 
no education, was clearly the backbone of the farm’s success. But he had been 
able to support the education of both of his daughters, who then were able to 
contribute additional skills as well as labor to what appeared to be a very successful 
family strategy for operating a market-oriented family farm. An additional note: 
High soil acidity has been a problem in the past in modern rice-growing opera-
tions on the Plain of Reeds, but the canal for the time being provided fresh water 
that allowed farmers such as this one to adequately flush the fields. Another 
survival strategy, though not one that provided immediate returns, was to return 
rice fields to melaleuca forests – with a crop in 5–10 years. Melaleuca provides 
firewood and has traditionally been used in construction to frame homes in 
Vietnam, so it retains a market value at the same time that it can tolerate acid 
soils, flooding, and just about everything else.8

Case III: This farm, a 0.5 hectare parcel in the Lap Vo District of Dong Thap 
Province, was part of a larger complex of adjacent fields. The farmers of this and 
adjacent parcels lived elsewhere, and grew two and sometimes three crops of rice – 
or, alternatively, a third crop, during the dry season, of cucumbers, soybeans, 
peppers, sugarcane, or corn. The land was temporarily inundated during the wet 
season, and ditched to be irrigated during the dry season. These farmers sold to 
buyers who traveled a nearby road (close enough that rice could be effectively 
transported from the field along the dikes in bags by motorbikes). The farmer we 
interviewed was growing a high-yield (10 ton/ha) glutinous rice that was resilient 
and easy to grow but that did not fetch premium market prices (see above on 
IR50404). The rice was harvested and threshed by machine by crews who moved 
from parcel to parcel and charged a percentage of the harvest in return (1/2 bag 
per 25 bags, or 2% of the crop). The threshing crew told us that its thresher 
“belonged in a museum,” but postharvest loss was greatly reduced by women 
gleaners who worked the piles of straw left by the threshing crew to recover rice 
for their own use.

8 Although farmers who have adequate space in their homes to store rice usually gain a competitive 
market advantage by their ability to hold rice off the market until prices are best, prices are some-
times so volatile after a bumper crop or because the variety they have grown has low value that it 
erases this advantage. See, for example, Le An (2009).
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These three cases, though a limited cross-section of Delta rice farmers,  exemplify 
a range of possibilities for combinations of water and soil resources, access to 
expertise, transportation, and markets, and supplementary incomes and resources. 
The principals in at least one of the cases – the family that farmed 4 hectares near 
Canal #2 in Long An Province – appeared to be quite successful. The family was 
able to send the daughters to postsecondary schools, had a television, computer 
(though no Internet was available on the family’s side of the canal), and a propane 
stove in its home. The family had just paid for a large wedding party for one of the 
daughters (and brought the son-in-law into the family enterprise). But all members 
of the household – like the informants in the other two cases – were dependent on 
the vicissitudes of the local rice field environments, on larger climate and water-
flow dynamics, and on gambles made with seed choices each year. They also were at 
the mercy, no matter how precise and hardheaded the negotiations, of the rice buyers 
who gave them a price for their crops and who were also often responsible for 
arranging the conditions of harvest and transport. Even their best efforts were a 
gamble, in an environment and an economy where unpredictability and the lack of 
a safety net made even the best calculations also a matter of luck.

To return to a question we touched on earlier: Is rice farming becoming more 
precarious in the region? We think so. To be sure, rice cultivation in the Delta has 
always been a balancing act with the environment – and when population levels 
are relatively low and farmers are producing mainly for household consumption 
on lands that are regularly flooded and have good soils, it is a balancing act that 
generally works. But with increased commercialization, the growing intensity of 
production – intensity signaled in part by the diking of lands to add a third crop of 
rice or of vegetables or maize for cattle feed – and the return after many decades 
of an export orientation, the balancing act is becoming increasingly perilous for 
many. The perennial problems relating to the need for farmers to adjust on the fly 
to year-to-year environmental fluctuations in an extremely fluid and dynamic eco-
system have now been complicated and compounded by climate change and dam-
building, and by fluctuations of considerable magnitude and scale in the economic 
and sociopolitical realms. New environmental and engineering concerns and the 
new political economy of rice production in the Delta, that is to say, pose addi-
tional challenges to farmers already burdened enough by matters relating to water 
and soil.
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Abstract Migration occurs as a response to economic development as well as to 
social, cultural, and environmental causes. This chapter explores migration patterns 
in the Mekong Delta (MD) region of Vietnam by using information in the Vietnam 
Household Living Standard Surveys for 2004 and 2006. The main purposes of the 
chapter are: (1) to gain insight into migration flows in the Mekong Delta region and 
(2) to identify the determinants of the migration flows regarding commune-related 
variables. From the description and the multivariate analysis, there are several 
interesting findings. First, the number of migrants in the Mekong Delta region has 
been increasing in recent years, and their destinations are the leading industrial and 
commercial cities in Vietnam, including Ho Chi Minh and Binh Duong. Second, 
“push” factors such as poverty and challenges in farm production are the key causes 
of migration flows. In addition, policy makers should take advantage of economic 
development programs as an adjustment tool in migration matters.
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8.1  Introduction

8.1.1  Migration, Climate Changes, and Development

Migration, climate changes, and development have been major concerns of both 
researchers and policy makers in recent years in coastal countries such as Vietnam. 
Obviously, they have a causal relationship. Migration is usually viewed as one of 
the most frequently used strategies of rural households facing the negative effects 
of climate changes, and migration is also a useful tool for helping poor households 
to improve livelihoods and reduce poverty.

Migration’s role in economic development has been widely recognized. 
Migration and particularly internal migration are seen as essentials for growth 
and a crucial strategy for escaping poverty for many poor and rural families in 
developing countries. As is widely known, the economic transition toward the 
expansion of urban centers and manufactures has strongly attracted a large num-
ber of labourers from less-developed surrounding regions; as a result, rural 
migrant labourers gradually engage in urban labour market, as shown by Lewis 
(1954). Simultaneously, an expansion of manufactures in urban areas has created 
employment opportunities for rural migrants to improve their livelihoods and 
well-being. Therefore, from an economic perspective, migration and develop-
ment are complements. Development induces migration, and migration contrib-
utes to development.

In comparison with international migration, internal migration is likely more 
important in developing countries where a majority of the population lives in rural 
areas and where there is limited development of human capital. In the 2009 report 
on human development, the UNDP estimated that there were about 740 million 
internal migrants in the world, four times as many as the number that moved inter-
nationally (UNDP 2009). Additionally, data gathered from some countries in Asia 
by Deshingkar and Grimm (2005) show that in 2001 nearly 120 million people 
moved internally in China against about 450,000 international migrants. In 
Vietnam, during the period 1994–1999, 4.35 million people were estimated to have 
migrated internally, while the number of international migration was fewer than 
300,000. In the literature, one finds that the relationship between migration (par-
ticularly internal migration) and development is widely recognized. This pattern of 
migration not only contributes to economic growth in the receiving area, but also 
has positive effects on livelihood strategies and poverty reduction in the originating 
area. More specifically, the contributions of migration to the development are usu-
ally summarized in the following way. For the destination area, migration can affect 
the average level of human capital, both in terms of quantity and quality, leading to 
an increase in the size and quality of the urban labour force (one side of the so-
called brain drain). For the originating area, remittances from migrants as an addi-
tional source of income improve livelihoods of people remaining in the originating 
area, stimulate consumption, and improve the area’s financial ability to cope with 
vulnerabilities.
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For some countries in Asia, there is a gradual change in internal migration 
from rural – rural to rural – urban. Formerly, a majority of people often moved 
from one village to another village within a country to seek an availability of 
fertile soils for their farm work. More recently, an economic transition took place 
in most countries in Asia toward manufacturers and exports that has had strong 
effects on the internal migration trends. Most notably, this transition has led a 
large number of rural migrants to migrate to urban areas, as scholars and policy 
makers increasingly recognized. For example, the share of rural to urban migra-
tion in Thailand increased from 14.3% in the period of 1975–1980 to 18.4% after 
10 years; the share of rural to rural migration decreased from 52% to 40.9% in 
the same period (Guest 2003). In Vietnam, rural to rural migration took place 
after the reunification of the country along with the planned migration programs. 
Such programs aimed to reclaim an abundance of fertile lands in the Highlands, 
areas with low population density. According to statistics of the GSO1, the num-
ber of rural to urban migrants was 1.18 million people, accounting for 27.2% of 
all migrants in the period of 1994–1999. Although recent estimates of this migra-
tion are not available yet, the pattern of rural to urban migration has been widely 
recognized. According to estimates of the GSO in 2006, five cities – Chi Minh, 
Binh Duong (in the Southeast), Ha Noi, Quang Ninh (in the Red Delta), and Da 
Nang (in the Central coast) – are the most popular destinations for migrants. 
These cities are seen as the leading centers of industry and commerce in the 
whole country. In addition, Deshingkar and Grimm (2005) also documented that 
this same pattern of migration also has been increasing in Laos, China, and 
Cambodia in recent years, along with the development of industrialization and 
urbanization in these countries. Therefore, one can infer that rural to urban migra-
tion plays a crucial role in economic development and has been an interesting 
concern to many researchers in the domain of economics.

8.1.2  Commune2-Related Factors Affecting Internal  
Migration: A Review

As is widely known, the reasons of migration are usually attributed to a  combination 
of “push” and “pull” factors. Especially for rural people with low qualification, the 
“push” factors of origin such as high population density, poverty, unemployment, 
and damages from natural disasters seem more important to induce them to migrate 
than the “pull” factors of the destination. In both literature and empirical evidences, 

1 General Statistical Office of Vietnam.
2 A Commune is a third-level administrative unit in Vietnam. Normally, each commune consists of 
some villages, with its population of around 8,000 (Vietnam Household Living Standard Survey 
2006).
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commune-related factors that determine internal migration flows may be classified 
into four main categories, as following:

Principal factors• 
Economic factors• 
Policy factors• 
Environmental factors• 

8.1.2.1  Principal Factors

Principal factors refer to variables such as the density of population, geographic 
location (remote area), and ethnicity. More specifically, the relationship between 
dense population and migration has been long seen as a dual phenomenon. Rural to 
urban migration leads to higher density in urban areas where there are employment 
opportunities. Conversely, high population density is often associated with lack of 
employment opportunities and productive land in rural areas. It is apparent that in 
rural areas, high population density may induce people to migrate due to labour 
surplus in agriculture. Meanwhile, nonfarm work is usually so small that work of 
this type is unable to absorb the labour surplus. Moreover, based on a review of 
determinants of internal migration, Ivan (2008) also highlighted the fact that the 
density of population in the area of origin has a positive effect on internal migra-
tion, and this variable is usually seen as a “push” factor in migration.

Because of the variety of ethnic groups and geographic locations in most countries 
of Asia, researchers often study migration patterns across ethnic groups and geo-
graphic regions. For example, in a study of decision-making in rural to urban migration 
in China, Zhao (1999) found that minorities tended to move out of their villages less 
frequently. Other evidence on migration suggests that poor villages or remote villages 
also tend to have higher numbers of migrants (Deshingkar and Grimm 2005), because 
migration has long been seen as a tool to escape from  poverty. However, people living 
in remote areas, far from the central province or district, can also be less migratory 
because of a lack of information, weak roads, and the high costs of migration. In their 
study of seasonal migration and improved living standards in Vietnam, Brauw and 
Harigaya (2007) also mentioned policies encouraging migration for people in remote 
areas and minorities in the Northern Uplands and the Highlands.

8.1.2.2  Economic Factors

Ever since the time of the earliest literature on migration, according to Ravenstein, 
the major motivations of migration were said to be economic and demographic. 
Over the years, some researchers such as Lewis (1954), Lee (1966), and Todaro 
(1969) closely examined economic variables (mainly the wage gap) as a key deter-
minant for the migration decision.

Empirical evidence on internal migration in some Asian countries by IOM 
(2005) has shown that the income gap among sectors is usually regarded as the key 
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cause of migration flows, including migration away from agriculture to  nonagriculture 
or migration from rural to urban areas. More specifically, migration flows into 
nonagricultural sectors are seen as a result of the economic transition along with 
industrialization. As is already known, it is apparent that the economic  transition 
often causes disparities in development and income across regions in countries. 
Certainly, higher wages in the nonagricultural sector in urban areas is a magnet that 
draws rural people to cities. Meanwhile, agricultural work is often seen as low-paid 
employment due largely to backward technology and the frequent negative impacts 
of climate changes that stimulate people to seek other employment opportunities 
outside of agriculture. In China, for example, scholars and policy makers predict 
that there are still 150 million surplus labourers in agriculture who will be moved 
into the nonagricultural sector in the next one or two decades.

Additionally, rural to urban migration has been viewed as a positive livelihood 
strategy for the poor in rural areas. Because of limited access to land, capital, and 
education, many poor, rural households often choose migration as the last survival 
option. Throughout his study of internal migration and poverty in Asia, Skeldon 
(2003) highlighted the fact that poverty is a root cause of migration. A large number 
of people moved from lesser developed areas (mainly agriculture) to more devel-
oped areas (mainly manufacturing).

As for agriculture production, there are numerous and diverse constraints to 
 farmers, ranging from changes in agro-product prices, market access to capital needs 
and farming techniques, to diseases and climate changes. It is apparent that farmers’ 
incomes from agriculture are usually more vulnerable to those constraints and risks; 
for example, a majority of farm households in Vietnam are very small in scale.3 In 
order to overcome those constraints, farm households often tend to diversify sources 
of income by reallocating labourers and sending household members to urban areas 
for nonfarm work. According to the empirical evidence on migration in Bangladesh, 
Hossain (2001) reported that 25.6% of the migrants had engaged in the agricultural 
sector before migrating. After the economic crisis in 1997, Thailand, a farming-
based country, had over 1.2 million people who went from agriculture to manufac-
turing, construction, commerce, and service work. Another study on internal 
migration in Vietnam (IOM 2005) indicated that rural people, who engaged in agri-
culture and fishery, often face sharp seasonal fluctuations and long slack periods. 
Therefore, returns from agriculture often only provide for basic food needs, while 
other costs of living are quite dependent on remittances from migrants.

8.1.2.3  Policy Factors

Migration occurs as a response to economic development in each country, prov-
ince, and commune. A rapid increase of rural to urban migration has created 
many challenges to policy makers in maintaining the agricultural sector. 

3 According to the survey result of GSO in 2006, Vietnamese farm households had an average area 
of 0.77 ha.
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Therefore, a set of policies regarding job creation for rural people is essential 
today, especially nonfarm rural employment ranging from traditional local 
industries (handicrafts) to services (repair of farm equipment). Such activities 
may also increase the attractiveness of employment in rural areas and conse-
quently reduce the pattern of migration toward urban areas (Turnham 1993; 
Rhoda 1983).

8.1.2.4  Environmental Factors

Apart from socioeconomic factors, what else determines the trends and levels of 
migration? Recently, the external effects of environmental changes have been taken 
into account and seen as key determinants in explaining patterns of internal migra-
tion (mostly rural to urban migration). Citing 2005 reports from international orga-
nizations, Brown (2008) suggested that 50 million people in 2010 would be forced 
from their homes and off the land by a range of serious environmental problems, 
including pollution, land degradation, droughts, flooding, and natural disasters.

Regarding Vietnam, it is one of the most disaster-prone countries in the world. 
According to the study of flooding in the MD of Vietnam, Ninh (2007) warned that 
flood and inundation have their most profound effects on the agricultural products 
of the region (mainly the rice crop). Annually, the flood season usually lasts 
between September and mid-November, but inundation tends to be longer and 
deeper due to the rising level of seawater. Undoubtedly, land degradation and dam-
ages from natural disasters are currently the most salient causes of rural to urban 
migration in most agrarian economies such as Vietnam.

8.1.3  Empirical Evidence on Internal Migration in Vietnam

As for Vietnam and particularly the MD, internal migration has been increasingly 
recognized since the beginnings of the economic transition. As already described, the 
unbalanced state of development and inequality in living standards across regions of 
Vietnam and rural and urban areas have proven the key causes of rural to urban migra-
tion during the last decades. According to Vietnam’s 1999 population census, nearly 
4.35 million people changed their places of residence between 1994 and 1999, 
accounting for 6.5% of a population of 6.9 million. The proportion changing places 
of residence was only 2% in the period 1984–1989. It is apparent that internal migra-
tion is not a new phenomenon in Vietnam, but it has become an interesting concern 
of researchers and policy makers in the field of migration and development. Therefore, 
in this chapter, several studies of internal-migration patterns (macro-data analysis) in 
Vietnam are summarized.

Many previous studies used GSO census data to examine the pattern of internal 
migration across provinces and regions in Vietnam. For example, Anh et al. (1997), 
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Phan and Coxhead (2007), and Loi (2005) note that in the census, migrants are 
defined as the number of persons, over 5 years old in the survey period, who 
changed their place of residence during the last 5 years.

In their study of internal migration in Vietnam, Anh et al. also used the census 
data in 1999 to describe migration trends and to identify the determinants of the 
number of migrants across provinces. The authors indicated that the Highlands and 
the Southeast were the most promising destinations for migrants from other regions 
in Vietnam due to many advantages relating to fertile land and the development of 
manufacturing and commerce. In addition, they used a range of macro-data vari-
ables in studying origins such as density of population, industry sector, distance, 
and policy to explain the trend of interprovincial migration. Two of their many 
important findings were that increases in living standards and in the distance 
between origin and destination have negative effects on the number of interprovin-
cial migrants. The authors explained that distance is seen as an intervening obstacle 
in the migration process because of lack of availability of information and transpor-
tation across provinces or regions in Vietnam. However, they also acknowledged 
the limitations of the macro-data included in their analysis. They had no further 
information relating to motivation of migrants, employment, and the outcomes of 
migration.

Like the earlier work of Anh et al. (1997), Phan and Coxhead (2007) also used 
census data from two periods – 1984–1989 and 1994–1999 – first, to investigate 
the patterns and determinants of interprovincial and interregional migration in 
Vietnam, and then to measure the impact of migration on income inequality 
across provinces. How did they undertake their measurements? They employed 
the gravity equation, which is a popular model to estimate the spatial movement 
of people between origin and destination. In so doing, they assumed, that migra-
tion between two regions is similar to the gravitational force between physical 
objects and thus proportional to the “potential” of the regions, but inversely 
related to the “distance” between regions. In the model, the authors also applied 
the Ordinary Least Square method to estimate the number of interprovincial 
migrants (with the logarithmic transformation); besides, they defined income 
inequality in terms of the ratio of per capita income between the richer province 
(destination) and the poorer province (origin). The results of their estimations 
indicated that migration flows tended to increase during the two periods of the 
census. The trend of those migration flows can be explained by the differences 
between the origin and the destination in variables such as per capita income, as 
well as by bus distance. Not surprisingly, the Highlands and the Southeast were 
still the most popular destinations for most migrants, while in the 1990s the MD 
and Central Coast were the most frequent places of origin. The authors demon-
strated that provinces with a higher per capita income tend to attract more 
migrants. As estimated, each additional increase of 1% in per capita income in 
the destination province leads to an increase by 1.5% in the migration rate. 
Furthermore, they also revealed that migration acts as a tool to mitigate inequality 
in income across provinces. For example, a 1% increase in the out-migration rate 
leads to a decline in interprovincial income inequality by 0.01%.
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In contrast with the previous existing studies on internal migration, Loi (2005) 
used the case-study method to explain the pattern of rural to urban migration across 
regions in Vietnam. The author highlighted three important factors causing rural 
people to migrate. First, population and employment pressure is seen as one of the 
key reasons for migration. More specifically, the share of population in the working 
age of 15–59 steadily increased from 47% in 1979 to 57.5% in 1999 and 65% in 
2009, equivalent to 1.37 million persons per year between 2004 and 2009. 
Simultaneously, the increase of working-aged persons mostly took place in rural 
areas which were characterized by an agricultural sector with low returns. 
Therefore, migration flows from rural to urban areas have become a common phe-
nomenon in the recent decade. Second, like to other countries in Asia, industrializa-
tion and urbanization process in Vietnam have also played important roles in 
causing a large number of rural people to migrate. Third, the author indicated that 
stagnation in traditional rural industries (mainly traditional handicrafts) in most 
villages of Vietnam caused a mass number of people to leave for urban areas to seek 
other jobs. It was found that of the decline of traditional industries was mainly 
caused by the severe competition of low-cost modern industrial products.

In short, by examining the existing literature on internal migration in some 
 countries in Asia and Vietnam, we find that migration patterns are generally inves-
tigated via the underlying macro-data variables relating both to the originating area 
and destination. Until recently, there nevertheless has been an absence of specific 
studies on internal migration at the regional level – for example, in the MD. 
Therefore, the main objective of this chapter is to investigate the factors that are 
associated with rural to urban migration in the MD region. More specifically, this 
chapter attempts to exploit the VHLSS4 series in 2004 and 2006, along with com-
mune-related data, and attempts to ascertain whether or not findings in this area are 
similar to other recent findings on other parts of Vietnam.

The remaining part of this chapter is organized as follows. Sect. 8.2 presents an 
overview of internal migration flows in the MD region between 2002 and 2007. 
Section 8.3 provides an explanation of the data from the VHLSS series and the 
commune-data variables. Section 8.4 relates to model specification and the deter-
minants of migration in the MD region. Finally, in Sect. 8.5 some conclusions are 
drawn.

8.2  General Migration Flows of the Mekong Delta Region

Internal migration in Vietnam, particularly in the MD region, is increasing over 
time for a variety of reasons such as uneven economic development, demographic 
imbalances, disparities in living standards, etc. According to the census of the 

4 Vietnam Household Living Standards Survey.
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GSO in 1999, the MD was second in migration in Vietnam after the Red Delta in 
the North. Vietnam’s economic transition, particularly the transition of the MD, 
plays an important role in migration trends in the region. One manifestation of this 
transition, regional disparities, is a key reason for migration. Because of such 
 disparities, a massive number of people left rural areas for urban areas, hoping for 
better jobs and more income. Census data between 2003 and 2007 from the GSO 
showed that the rate of out-migration in the MD region increased steadily from 
0.23% in 2003 to 0.79% in 2007; in comparison, the rate for the country as a whole 
rose from 0.25% in 2003 to 0.75% in 2007. Among those flows, migration away 
from rural areas and the agricultural sector emerged as a major pattern in the MD 
region. As a result, the area experienced declines in the rural share of the popula-
tion and the agricultural proportion of the labour force in the same period (see 
Appendix 1) (Table 8.1).

The most popular questions in most scholarly studies on migration are: (1) why 
did people move, and (2) where did migrants originate from, and where are their 
destinations? In the following section, we use a variety of primary and secondary 
sources to interpret the region’s migration patterns in recent years. Some socioeco-
nomic indicators such as density, income per capita, share of farm income, and 
poverty rate are incorporated into the analysis.

Since nearly 80% population of the MD lived in rural areas and mainly depended 
on the agricultural sector until recently, it can be inferred that migration patterns in 
the region are mostly related to population and employment pressures in rural parts 
of the MD. With a population growth rate of 1.01% a year in recent decades, popu-
lation density has increased steadily in the region over the last 15 years, from 383 
persons per sq. km in 1994 to 436 persons per sq. km in 2008 (GSO 2008). 
Moreover, the region has about 110,000 additional people entering the labour force 
annually. Therefore, population and employment pressures have become central 
concerns of policy makers in the MD.

Furthermore, the economic transition away from agriculture and toward manu-
facturing and services has had considerable effects on the labour force in rural 
areas, as previously shown. More specifically, a proportion of the rural population 
must be forced away from the agricultural sector due to the expansion of industri-
alization and urbanization. In the meantime, traditional industries in rural areas are 
in stagnant situations and are gradually being eliminated from the local area 

Table 8.1 Population and migration of the Mekong Delta (MD) region

Year

Population In-migration Out-migration
Rate of 
in-migration

Rate of out-
migration

Net migration 
rate

Person Person Person % % %

2003 16,713,700  9,359  38,943 0.06 0.23 −0.18
2004 17,047,579  9,617  48,248 0.06 0.28 −0.23
2005 17,221,063 46,612  76,657 0.27 0.45 −0.17
2006 17,389,927 50,720 121,476 0.29 0.70 −0.41
2007 17,420,195 56,507 137,788 0.32 0.79 −0.47

Source: GSO 2007
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because of low capacity, competitive pressures, their relatively small scales of pro-
duction, and the thinness of local markets. Clearly, the pattern of interprovincial 
migration out of agriculture is a characteristic phenomenon during the initial period 
of economic transition. Recent findings relating to rural-to-urban migration in 
China corroborate this point (Zhang and Song 2003).

Basic information displayed in Table 8.2 provides us with comparisons of sev-
eral interesting indicators across regions. This information plays an important role 
in helping us to interpret migration patterns in the MD region. It is apparent that the 
Southeast region, with a higher level of income per capita, is still the most popular 
destination for migrants from other regions of the country, as known in previous 
studies between 1994 and 1999. Regarding the MD region, 37.7% of the income 
per capita of MD residents was dependent on the agricultural sector, compared to 
24.5% in the country as a whole. Simultaneously, the rate of underemployment in 
rural areas of this region was also higher than the average level in the country as a 
whole. Therefore, it is not surprising that rural people in the MD would face 
employment challenges in rural areas if they were not forced out of the agricultural 
sector altogether. Although the poverty rate in the MD has declined rapidly in 
recent years, average monthly income per capita in the MD region was still lower 
than the average level of the country as a whole, especially in comparison to the 
Southeast region. Therefore, one can conjecture with some confidence that migra-
tion patterns in the MD region are associated with socioeconomic indicators.

Where do the migrants come from and what are their destinations? Here, we use 
data of out-migration from the census of the GSO in 20065 to describe flows and 
magnitude of migration in the MD region.

Table 8.2 Socioeconomic indicators by regions in Vietnam

Year

Density

Monthly 
income  
per capita

Share of monthly 
income per capita 
from agriculture

Under-
employment ratea 
in rural areas

Poverty 
rate

Person/km2 1,000 VND % % %

Red Delta 933   653 19.0 8.2 10.1
Northeast }

 
118   511 32.4 }

 
2.5 22.2

Northwest   372 45.9 39.4
North Coast }

 
207   418 30.4 }

 
6.3 26.6

South Coast   550 21.0 17.2
Highlands  92   522 45.9 5.6 24.0
Southeast 543 1,064 11.1 3.7  4.6
Mekong Delta 436   627 37.7 7.1 13.0
Whole country 260   636 24.8 6.1 15.5

Source: GSO 2006, 2008
aAccording to the GSO, this rate is defined as the percentage of underemployed persons in the total 
employed population; underemployed persons refer to those who worked less than 35 hours a 
week when they were willing to work more time

5 The ending of policies mandating that migrants notify local authorities when leaving the com-
mune has led to a lack of statistical information regarding migration destination since 2007.
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8.2.1  Migrant Origins

According to the 2006 census of the GSO in, Hau Giang had the highest migration rate 
in the MD region, with a net migration rate of −0.73%. Hau Giang was followed by Soc 
Trang and Vinh Long. Not surprisingly, these places had lower monthly incomes per 
capita than the average level for the entire region. Moreover, agriculture, a low-return 
sector, played an important role in economy of these provinces. It is worth noting that 
a high rate of migration tends to be closely associated with poverty and the relative size 
of the agricultural sector. As shown earlier, most rural households engaged in agricul-
tural production but had small landholdings per household. As a result, rural households 
are often more vulnerable and end up forced into poverty by economic shocks and natu-
ral disasters; additionally social security and unemployment compensation are virtually 
absent, and savings are too low for poor rural households to cope during periods without 
income coming in. Consequently, Vietnam and particularly the MD region are good 
locations to illustrate the relationship of agriculture, poverty, and migration (Table 8.3).

8.2.2  Over 73% of Migrants in the MD Left the Region Altogether

As expected, the Southeast region is still the most promising destination for most 
migrants out of the MD region. In this regard, Ho Chi Minh City and Binh Duong 
Province are the most attractive destinations in the Southeast region. Intra-provincial 

Table 8.3 Socioeconomic indicators of migrants’ regions of origin

Origin

Net  
migration  
ratea

Monthly  
income per  
capitab

Share of  
income from 
agricultureb

Poverty 
rateb Economic featurec

(%) (1,000 VND) (%) (%) –

Hau Giang −0.73 609 42.9 15.0 Pure agriculture
Soc Trang −0.68 495 50.3 19.5 Agriculture
Vinh Long −0.63 580 36.3 11.0 Agriculture and industry
Ben Tre −0.62 614 38.8 16.2 Agriculture and seafood
Can Tho −0.61 780 23.6  7.5 Industry and service
An Giang −0.45 691 33.1  9.7 Service and agriculture
Dong Thap −0.39 609 39.6 12.1 Pure agriculture
Bac Lieu −0.32 610 45.7 15.7 Seafood and agriculture
Long An −0.30 627 32.8  8.7 Agriculture and industry
Tra Vinh −0.28 509 40.6 21.8 Pure agriculture
Tien Giang −0.27 630 34.2 13.2 Agriculture and industry
Ca Mau −0.25 666 47.8 14.0 Seafood and agriculture
Kien Giang −0.03 675 39.0 10.8 Agriculture and seafood
Mekong 

Delta
−0.41 627 37.7 13.0 –

Source: GSO 2006
a Census
b VHLSS
c See VCCI-Can Tho 2006
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migration within the MD region accounts for only around one-fourth of the total 
out-migrants. However, due to lack of availability of information  concerning motiva-
tions for migration, it is reasonable to use basic information on socioeconomic  status 
and to infer that opportunities in those destinations were the key “pull” factors 
 driving migration (Fig. 8.1).

8.2.2.1  Migration Within the MD Region

It can be assumed that most migrants moving within the region are females and first-
time migrants. In an earlier migration study, (Loi 2005), the author found that most 
migrants who had moved only a short distance were the first migrants in a household 
or were seasonal migrants. Female migrants in particular tend to move only short 
distances for several reasons. First, female migrants often find work more slowly 
than do male migrants (UNFPA 2007). Therefore, these first-time, female migrants 
usually move to destinations closer to work to save on costs. Second, for married 
women, migration has more constraints due to care of family and children, making 
short-distance moves less burdensome than long-distance moves.

8.2.2.2  Migration Out of the MD Region

The information regarding migration displayed in Table 8.4 shows that Ho Chi 
Minh City, as mentioned earlier, is the most attractive destination for most migrants 
from Vietnam, including the MD region. It absorbed over 50% of the total number 
of migrants from the MD region. Based on the 2004 census, migrants accounted for 
over 30% of the total population of this city. Among those migrants, migrants from 
rural areas made up around 80%. More specifically, 31.5% of those migrants were 
from the MD region, and 17.7% came from the Red Delta region. Therefore, it is 

3.6%

Out-migration

Within the Mekong Delta Out of the Mekong Delta

Other regionsSoutheast

Ho Chi Minh Binh Duong Others

26.3% 73.7%

70.1%

50.9% 15.1% 4.1%

Tien Giang Kien Giang Can Tho

5.1% 4.9% 3.9%

Others 12.5%

Fig. 8.1 Out-migration flows of the Mekong Delta (MD) region
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apparent that rural migrants from the MD region have played an important role in 
the labour market and in the economic development of the most dynamic city in 
Vietnam.

Similarly, Binh Duong is also one of the most economically developed provinces 
in the Southeast region. This province has been industrializing at a high rate of 
speed and has a large number of industrial zones. According to statistical data relat-
ing FDI between 1988 and 2008, Binh Duong was the second leading province in 
this region as regards the absorption of FDI projects in terms of the number of 
projects and the amount of capital (after Ho Chi Minh City).

In short, the most important patterns relating to migration in the MD region are: 
the rapid increase of rural-to-urban migration (which has obvious effects on the 
distribution of population and on the labour force in rural areas); and the fact that 
a majority of migrants tend to move to industrial and commercial cities, where liv-
ing standards and economic conditions more generally are higher.

8.3  Description of the VHLSS

In Vietnam, as in most developing countries, gaining access to data on migration is 
a challenge to researchers. As a result, many studies on this topic have primarily 
relied on multiple-purpose surveys, especially the VHLSS series.

Here we will use the commune-based data of the VHLSS series from 2004 
and 2006 to examine whether the migration patterns for the MD region comport 
with the general picture of migration in Vietnam, as previously described. First, 
however, we shall explain the VHLSS dataset and its commune-related 
variables.

Table 8.4 Basic information on the destinations of migrants from the MD region

Destination

Destinations of 
MD migrantsa

Monthly 
income  
per capitab

Share of 
income from 
non-farm 
labourb

Proportion of 
business units  
in the region*c

(%) (1,000 VND) (%) (%)

Ho Chi Minh 50.9 1,480 30.6 79.0
Binh Duong 15.1 1,215 33.1  7.7
Tien Giang  5.1   630 23.5 11.3
Kien Giang  4.9   675 20.4 14.0
Can Tho  3.9   780 27.7 11.8
Mekong Delta –   627 22.2 –

Note:  *Ho Chi Minh and Binh Duong are compared in the Southeastern region. While Tien Giang, 
Kien Giang, and Can Tho are compared in the Mekong Delta
Source: GSO
a Census 2006
b VLHSS 2006
c Survey of enterprises between 2000 and 2007
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The VHLSS series was conducted every 2 years by the GSO in collaboration 
with the World Bank. The VHLSS is a comprehensive nationwide survey compris-
ing two parts: commune and household. For the commune survey, information on 
a variety of topics is included, such as population, the number of people moving out 
of and moving within the commune, economic conditions, education, and public 
infrastructure. The household survey collected information on multiple dimensions 
of living conditions such as demography, education, health, employment, income, 
expenditure, physical capital, and so on.

The strength of this dataset grows out of the fact that it is a nationwide survey 
with a large number of observations: 3,063 communes and 9,189 households in the 
2006 survey. The VHLSS is nevertheless not a specific survey relating to migration, 
which results in some limitations in this analysis. First, information relating to the 
destination of migrants who left the commune is not available; as a result, we can-
not examine the “pull” factors of the destination. Second, average income  indicators 
at the commune level – a key determinant of migration – are also absent in this 
dataset. Third, bus distance, as an intervening obstacle to migration, is not avail-
able. Therefore, an alternative measure is used in this analysis: the remote 
 commune, defined as the least-economically-developed commune due to distance 
from cities and weak infrastructure.

Generally speaking, data on interprovincial migration in Vietnam and particu-
larly in the MD region are quite scarce. In recent years, the VHLSS series have 
come to be seen as the most useful data source for most studies of migration in 
Vietnam. In this chapter, we only use the samples of the MD region to investigate 
the pattern of migration along with commune-related variables such as density, 
wages in the agricultural sector, poverty rates, economic conditions, constraints on 
 agricultural production, geographic features, and policy questions.

8.4  Determinants of Migration: An Empirical Analysis

8.4.1  Model Specification

An interesting review on intra-provincial migration in developing countries pre-
sented by Lucas (1997) is still valid and empirically rich. The pattern of internal 
migration is generally interpreted via a range of macro-related variables using the 
gravity equation. The strength of the gravity model lies in its generality, which 
makes it possible to make tests on a number of issues relating to migration theory. 
Therefore, it has been widely used to study internal migration, especially across 
locations and regions in the country.

As previously shown, the VHLSS is not designed specifically for migration, 
which leads to a lack of availability of information on differences in income, the 
unemployment rate, and the distance between place of origin and destination. 
Therefore, the pattern of migration flows in this analysis can only be explained by 
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a range of commune-related variables relating to origins, namely, socioeconomic 
factors and public policy. In various macro studies on migration in Vietnam, the 
number of migrants measured by the aggregate data is often treated as a dependent 
variable (Anh et al. 1997; Phan and Coxhead 2007).

However, to avoid differences in the population scale across origins, the pattern 
of migration is measured by a ratio of the number of migrants per 10,000 people in 
each commune.

Here, a general model is shown as follows:

 = β + β + + β +i 0 1 1 n nM X X e  
(8.1)

Where M
i
 is the out-migration rate of the commune; b are unknown coefficients of 

independent variables; X
1..n

 are independent variables, main categories such as 
 principal factors, economic status, policy, and environmental factors; and e is the 
error term.

In this analysis, the Eq. 8.1 is transformed into the logarithmic model. In fact, 
the popularity of the logarithmic transformation (or semi-logarithm) is due to the 
following reasons. First, the logarithmic model often obtains a higher R square than 
is the case in the common linear model, especially when the relationship between 
variables of the model is not linear. Second, logarithmic transformation is one of 
the most widely used techniques, which not only has the effect of making the dis-
tribution of the transformed variable closer to the normal distribution, but also 
stabilizes the variance (a remedy for heteroskedasticity), which together leads to the 
robust standard error of the model (Wooldridge 2009; Chatterjee et al. 2000).

Consequently, we obtain the transformed model of migration (Eq. 8.2), as 
follows:

 = β + β + + β +i 0 1 1 n nLn M X X e  (8.2)

Where Ln M
i
 refers to the natural logarithm of rate of out-migration in the 

commune.
In this analysis, three estimated models are analyzed separately to examine the 

relative effects of each category of factors on migration patterns in the commune. 
In other words, the first model estimates the contributions of principal factors to the 
movement of population out of the commune, including density (1,000 person/
km2), farm wages (1,000 VND per day), the poverty rate (ratio of poor households 
to 100 households), remoteness of the area (classified as a remote commune by the 
Government’s regulation), and ethnicity (1 for the Kinh, 0: otherwise). To the 
 second model will be added economic factors to analyze the relative effects of these 
variables (mostly dummy) on the pattern of migration. These variables include: 
economic character of the commune (agriculture, industry, and service), qualitative 
assessment of increase in income of residents living in the commune in the last 
5 years, the question of whether or not economic units in the commune attract local 
labour, and the presence of four of the biggest constraints for rural people in agri-
cultural production – lack of capital; frequent price fluctuations for agro-products; 
the impossibility of accessing markets; lack of farm technique. And the last model 
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will incorporate additional factors relating to policy and the impacts of disaster, 
such as the presence of job-creation projects, rates of local economic development 
in the communes, and the proportion of households granted support and subsidies 
due to the impact of natural disasters in the commune.

In short, the main goal of the proposed models is to test the hypothesis regarding 
whether or not principal factors, economics, policy, and other considerations affect 
the migration flows of the commune. Table 8.5 provides a description of the 
 variables and the direction of expected effects in the models.

8.4.2  Descriptive Analysis

Table 8.6 presents summary statistics relating to the main variables in the esti-
mated models. At a statistical level of 5%, there were almost no differences in 
migration flows and density between 2004 and 2006 in the selected communes. 

Table 8.5 Description and expected sign of variables in the models

Variables Description
Expected 
effect

Principal factors
Density Population density of commune (1,000 person/km2) +
Farm wage Farm wage a day (1,000 VND) +, −
Poverty Poverty rate (by 100 households) +
Remote Commune classified as remote area (see Appendix 2) −
Kinh ethnic Kinh is a dominant ethnic group in Vietnam, accounting for 

80% of the total population.
+

Economic factors
Agriculturea Agriculture as the main sector of commune (coded by 1) +
Industrya Industry as the main sector of commune (coded by 1) −
Fishery a Fishery as the main sector of commune (coded by 1) −
Living Increase in income of resident in the last 5 years (coded by 1) −
Labour attraction Economic units in commune created employment to local 

labourers (coded by 1)
−

Lack of capital Farmers face lack of capital in production (coded by 1) +
Price fluctuation Farmers frequently price fluctuations in agro-products  

(coded by 1)
+

Access to market Farmers face difficulties in access to market (coded by 1) +
Lack of technique No access to advanced techniques (coded by 1) +

Policy and disaster factor
Job creation There are programs for job creation in the commune  

(coded by 1)
−

Economic 
development

There are projects for local economic development in the 
commune (coded by 1)

−

Disaster Rate of households granted economic support due to impacts of 
natural disaster

+
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However, a parallel increase of farm wages and the poverty rate took place during 
this period that resulted in a significant divergence in these variables. It is also 
surprising that the poverty rate in the analysis tended to increase in the two peri-
ods, while the poverty situation of the country and the MD region has been falling 
over time, as previously shown. However, this indicator was still appropriate with 
an average poverty rate of the country of 18.1% in 2004 and 15.5% in 2006 (GSO 
2008). In addition, some other factors used in the models are shown in more 
detail in Appendix 3a, 3b.

Several hypotheses are proposed, as follows:

(1) Does an increase in the poverty rate induce people to migrate? In the literature 
on migration, migration is seen as a positive livelihood strategy for households 
to escape from poverty situations.

(2) How does an increase in farm wages affect migration patterns – positively or 
negatively? In theory, an increase in wages in a certain sector makes it possi-
ble to encourage people to work in that sector. In fact, whether or not that 
sector can attract labourers is dependent on the farm wages in other sectors.

(3) Do the production difficulties of farmers drive them to move out of their 
communes? In this regard, note that farmers’ incomes are almost entirely 
dependent on the agricultural sector, which is seen as a low-return occupa-
tion and a more vulnerable vocation in times of economic shocks and natural 
disasters.

8.4.3  Estimated Results and Discussions

Table 8.7 displays the empirical results of the three models through the Ordinary 
Least Squares (OLS)  estimation methodology, together with the robust standard 
error. In general, these models have demonstrated statistically significant correla-
tions between migration flows and explanatory factors relating to place of origin. 
More specifically, a  majority of the estimated coefficients in the three models for 
2006 are likely higher than those for 2004. In other words, migration flows in 
2006 would be explained to a relatively greater degree by the factors relating to 
the place of origin. In short, it is important that we examine each model to gain 

Table 8.6 Descriptive statistics of main indicators at commune level

Variable

2004 2006 Mean difference between 
2004 and 2006 at 5% levelMean Std.Dev. Mean Std.Dev.

Ln(migration rate)  3.82 1.21  3.74  1.27 n.s
Density  0.56 0.34  0.56  0.46 n.s
Farm wage 31.93 5.86 38.90  7.85 ***
Poverty rate  9.71 8.37 17.58 10.70 ***

Note: n.s, *** denotes not significant at 5% and significant at 1% level
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Table 8.7 Estimations of migration flows of the MD region

Variables

Model 1 Model 2 Model 3

2004 2006 2004 2006 2004 2006

Principal factors
Density 0.129 0.206 0.098 0.118 0.093 0.126

(0.07) (1.48) (0.51) (1.14) (0.48) (1.14)
Farm wage 0.002 0.022** 0.007 0.021** 0.006 0.021**

(0.16) (2.47) (0.62) (2.20) (0.56) (2.18)
Poverty 0.005 0.018*** 0.003 0.017*** 0.004 0.017***

(0.69) (3.09) (0.38) (2.74) (0.52) (2.70)
Remote −0.025 −0.325** −0.014 −0.258* −0.008 −0.272*

(−0.19) (−2.36) (−0.11) (−1.87) (−0.06) (−1.95)
Kinh ethnic 0.726*** 0.537* 0.735** 0.659** 0.714** 0.626*

(2.62) (1.62) (2.55) (1.99) (2.48) (1.87)

Economic factors
Agriculture −0.814** −1.008** −0.851** −0.918**

(−2.34) (−2.36) (−2.47) (−2.25)
Industry −1.137*** −2.229*** −1.050** −2.171***

(−2.84) (−3.02) (−2.55) (−2.98)
Fishery −1.043*** −1.805*** −1.087*** −1.728***

(−2.68) (−3.73) (−2.81) (−3.73)
Living −1.433*** −0.638*** −1.383*** −0.624***

(−5.07) (−3.49) (−4.06) (−3.83)
Labour attraction −0.061 −0.109 −0.057 −0.101

(−0.45) (−0.82) (−0.43) (−0.75)
Lack of capital 0.183 0.252* 0.185 0.262**

(1.11) (1.90) (1.11) (1.98)
Price fluctuation 0.205 0.278 0.221 0.277

(1.20) (1.45) (1.28) (1.44)
Access to market −0.001 0.468** 0.042 0.466**

(−0.00) (2.44) (0.18) (2.42)
Lack of technique −0.343 0.292 −0.322 0.275

(−1.10) (1.32) (−1.05) (1.24)

Policy and disaster factor
Job creation −0.160 −0.170

(−1.16) (−1.24)
Economic development −0.212 −0.085

(−1.46) (−0.51)
Disaster 1.342 0.997

(0.97) (0.43)
Constant 2.978*** 2.041*** 5.028*** 3.640*** 5.108*** 3.609***

(6.27) (3.78) (8.87) (5.33) (8.62) (5.37)
Number of observations 451 480 451 480 451 480
Prob > F 0.000 0.000 0.000 0.000 0.000 0.000
R-squared 0.02 0.06 0.051 0.122 0.059 0.125

***, **,* significant level at 1%, 5%, and 10%
t-statistics are in the parentheses
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clearer insights relating to the relative impact of each group of factors on the 
 pattern of migration in this analysis.

The first model only regresses the principal factors in the communes between 
2004 and 2006. As a result, a number of factors with significant effects on the 
migration flows in 2006 were higher than in 2004. Those factors are the farm 
wages, poverty rate, remote area variable, and Kinh ethnic group variable. While 
density of population is not presented, it has a significant effect on migration pat-
terns, as expected from the empirical review. It is worth noting that an increase in 
farm wages also induces migration out of the commune, but with small effect. In 
fact, an increase of farm wages may relate positively to the pattern of migration, if 
there is still a gap in wages between the farm sector and other nonfarm activities or 
between rural and urban areas. Another reason is that farmers may migrate tempo-
rarily after the crop season in order to obtain more money needed to invest in their 
farm for coming crops (Rhoda 1983). Therefore, the relationship between migra-
tion and farm wages (or agricultural development) is relatively complex and 
 perhaps dependent on a number of other factors.

Undoubtedly, this analysis demonstrates that the poverty situation is still an 
important factor driving people to migrate. More specifically, the poverty rate has 
a positive effect on the pattern of migration out of the commune, and this finding 
is significant at the 1% level. This relationship has been widely known and is 
found in both the theoretical literature and empirical studies in the field of 
migration.

However, communes classified as remote communes in 2006 are significantly 
and negatively correlated with the pattern of migration, which implies that 
people living in remote areas are likely less migratory than others living closer to 
the centers of the province. As mentioned in the literature review and the descrip-
tive section of this chapter, spatial and geographic distance have been long seen 
as important obstacles to migration because of limited access to information and 
the inadequacy of road networks. Note that the effect of this factor in 2006 was 
much larger than in 2004. This may be seen as a consequence of the government’s 
programs regarding rural development in remote areas and for ethnic minorities. 
The previous studies on intra-provincial migration between 1994 and 1999 in 
Vietnam by Anh et al. (1997) and Phan and Coxhead (2007) also support this 
conclusion.

Furthermore, the Kinh people are likely more migratory than other minorities in 
the communes of the MD region. There is for two main reasons. First, because the 
Kinh people are dominant in Vietnam, as already shown. Thus, they always play a 
crucial role in the migration flows. Second, because other ethnic groups in the MD 
region such as the Chinese, Khmer, and Cham have various cultural features and 
lifestyles that affect migration. For example, the Chinese usually work for them-
selves or for their relatives and other Chinese families in the village. The Khmer 
and Cham are often influenced by cultural and religious concerns. For example, 
there are many annual cultural and religious festivals for the Khmer and Cham that 
almost forces them to return to their home communes to join in those activities; as 
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a result, those who have migrated sometimes face unemployment after each return. 
Additionally, ethnic minorities are usually less communicative than the Kinh peo-
ple because most of them live in areas with disadvantaged economic  conditions. 
Therefore, the fact that ethnic minorities comprise a small number of the migrant 
total is mainly due to cultural, religious, and social factors.

The second model, which adds economic factors concerning migration, shows 
that many of those additional variables are significant; and they have generally not 
changed in direction and statistical significance, as did the principal factors 
included in Model 1. It is apparent that different economic conditions of each com-
mune have various effects on the magnitude of migration; more specifically, the 
pattern of migration out of a commune would be much decreased if the economy 
of that commune was dependent on industry and fishery development. On the other 
hand, people in the agriculture-based communes tended to be more migratory than 
others in the nonagriculture-based communes. That implies a gap in income or 
wages across sectors in these communes, which is also relevant to the general situ-
ation of the country.

Besides the level of socioeconomic development of the commune, both liv-
ing standards and employment play important and significant roles in bringing 
about a decline in the pattern of migration out of the commune. Some labourers, 
mainly women, often find jobs in the commune due largely to reasons of family 
and marriage. As shown earlier, farmers seem to be faced with challenges, 
 ranging from investment to production technology to marketing. There are two 
potential explanations for these concerns. First, agricultural production is 
dependent on natural factors like weather, water source, and diseases, etc., that 
usually render farmers very vulnerable. Second, improvements in the rural mar-
ket such as crop insurance and market linkages are almost entirely absent. Such 
limitations result in frequent  failures of farmers to gain access to markets and 
to prevent or recover from economic shocks. In model 2, the lack of capital  
and poor access to the market are two factors for farmers that have significant 
and positive effects on the pattern of migration out of the commune at the  
5% and 10% levels.

In the last model, factors concerning policy and the impact of disasters are 
included in the estimation to investigate whether or not these factors are associated 
with the pattern of migration out of the commune. Although not all these factors 
are significant, their estimated signs are quite relevant to both the theoretical and 
empirical literatures. More specifically, the presence of rural development pro-
grams established by the government and NGOs has played an important role in 
generating employment and reducing migration from rural areas. Meanwhile, the 
impact of natural disasters is also seen as a cause of migration.

In sum, the determinants of migration from the communes in the MD region are 
fairly relevant to both the theoretical literature and to empirical findings in most 
recent studies of Vietnam and other countries in Asia. Undoubtedly, “push” factors 
at the region of origin are closely associated with the pattern of migration. Such 
factors include poverty, disasters, failures in production and the market, socioeco-
nomic background, and even ethnicity in the commune.
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8.4.4  Diagnostics of the Model

An econometric model usually has underlying assumptions, and regression 
 diagnostics are common techniques for exploring problems in the analysis and for 
determining whether certain assumptions can be accepted. Although basic tech-
niques were used in the estimating models to improve the “goodness of fit” of the 
model, including logarithm transformation and Robust standard error, checking 
other assumptions is also worthwhile. Therefore, several methods are used for 
checking the main assumptions of the estimating model, namely, normality of 
residuals, homogeneity of variance, and multi-collinearity.

Checking normality of residuals is necessary in regression analysis in order to 
ascertain whether the residuals are close to a normal distribution. We can use his-
togram graphs of residuals from the estimating model to make an inference of this 
matter. Another alternative is a test written by Lawrence, called interquartile range 
(IQR), to examine the symmetry of the distribution. In this analysis only the third 
model in 2006 is used for testing assumptions due to its full representativeness for 
all factors. The result of testing shows that value of IQR, is in a range of low inner 
fence and high inner fence, from which we can conclude that the distribution 
seems fairly symmetric, and the residuals are close to a normal distribution (see 
Appendix 4).

Checking for multi-collinearity6 and homogeneity of variance7 is worth not-
ing in a regression analysis and especially for cross-sectional data. The variance 
 inflation factor (VIF) measures the impact of collinearity among the indepen-
dent variables in the estimating model. Estimations displayed in Table 8.8 show 
that mean VIF in all models is not so high as to drop any variables out of the 
model. However, these indicators tend to increase when we add more variables 
to the model (e.g., Model 2 and Model 3). Such increases are mainly caused by 
two dummy variables (agriculture and fishery) with their VIF of 28.4 and 25.9, 
respectively, in the Model 3 of 2006. Therefore, we finally have to drop two of 

6 Multi-collinearity refers to a situation in which two or more explanatory variables in a multiple 
regression model are highly correlated. One of the assumptions of a regression model is that the 
explanatory variables are not mutually correlated.
7 Another assumption of the regression model is that the standard deviations of the error terms are 
constant and not dependent on the explanatory variables. In other words, variation in the error 
term in the model should not be due to the explanatory variables.

Table 8.8 Diagnostics of multi-collinearity and heteroskedasticity

Model 1 Model 2 Model 3 Model 3a

2004 2006 2004 2006 2004 2006 2006

Mean VIF 1.21 1.17 3.66 5.35 3.25 4.66 1.21
White’s test
Prob > Chi2

0.790 0.228 0.159 0.075 0.117 0.019 0.080

Note: a this is the model 3 but excluding two dummy variables of agriculture and fishery
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these variables out of Model 3; and as a result, the mean VIF of the modified 
model (Model 3a) is strongly reduced and only remains 1.21.

Additionally, there are two widely used techniques to test homogeneity of 
 variance: the Goldfeld–Quandt test and White’s test. The Goldfeld–Quandt test 
assumes that the heterskedasticity has a linear relationship with one of the indepen-
dent variables; while, White’s test is more general without specifying the nature of 
the heteroskedasticity. This is the most important reason why White’s test was used 
for this analysis. Generally, White’s test has the null hypothesis of homoskedastic-
ity (or no heteroskedasticity) and against the null hypothesis:  heteroskedasticity. In 
short, most of the p-values of White’s test are not significant at the 5% level (except 
for Model 3 in 2006). This means that there is not sufficient evidence to reject the 
null hypothesis at a 5% significance level. In other words, the errors of the model 
have a constant variance. It is apparent that using the semi-logarithm transforma-
tion seems a fairly appropriate way to measure the determinants of the migration 
pattern. Finally, the most relevant model for migration patterns in the MD region is 
Model 3* of 2006 without two dummy variables (agriculture and fishery) which is 
not only representative for all explanatory factors, but also meets the assumptions 
of a regression analysis.

8.5  Concluding Remarks

This chapter has explored two main questions. It sought to ascertain the determi-
nants of the migration flows out of the commune and whether or not the migra-
tion flows of the MD region are relevant to the general situation regarding 
migration in Vietnam.

Regarding the first question, it is apparent that migration flows in this region 
have steadily increased in recent years. More importantly, migrants moved from the 
disadvantaged economic areas (i.e., the low income and agriculture-based econo-
mies) to advantaged economic areas (the high income and manufacture-based 
economies). Ho Chi Minh City and Binh Duong Province are the most attractive 
destinations for migrants in the country, including in the MD region. Additionally, 
the determinants of migration flows are revealing. First, “push” factors such as 
poverty and challenges in farm production are the main reasons associated with the 
migration flows of people out of the commune. As mentioned in the  literature, the 
result of our estimation also shows that spatial distance is seen as an obstacle to 
migration; in addition, improved living standards may reduce migration. Second, 
policy makers can take advantage of tools relating to economic development to 
adjust migration patterns out of the commune.

In contrast with previous studies of interprovincial migration, the determinants 
of migration flows in the MD region also have many relevant points concerning 
the “push” factors at the place of origin. However, there have been different levels 
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of effect among these studies due largely to differences in the number  
of migrants, socioeconomic factors, and temporal and geographic features. In sum, 
the findings presented in this chapter are expected to bring us a better and deeper 
insight into migration patterns at the commune level in the MD region in the present 
context.
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8.6  Appendices

8.6.1  Appendix 1: Migration, Population, and Labour  
in the MD (Unit: %) (Source: GSO 2008)

2003 2004 2005 2006 2007

Rate of out-migration 0.23 0.28 0.45 0.7 0.79
Share of rural population 80.2 79.8 79.1 78.9 78.8
Share of agricultural labour 61.9 60.1 59.7 55.4 51.7

Source: GSO 2008

8.6.2  Appendix 2

Summary of Decision No. 587 on benchmarks of poor and far-away communes 
issued on April 22, 2002 by the Ministry of Labour, Invalids, and Social Affairs.

A commune is seen as a poor commune if such commune has some of the 
 following characteristics:

 1. A poverty household rate of 25% or above.
 2. A public infrastructure that is absent in up to three of six items including roads, 

schools, health-care units, clean piped waters, electricity, market systems. 
More detailed:

Less than 30% of households provided with clean piped water. –
Less than 50% of households using electricity. –
No paved road to the center of the commune. –
Less than 70% of total required classrooms for schooling. –
No health-care unit in the commune. –
No market to meet consumers’ demands. –
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8.6.3  Appendix 3a: Summary of Statistics in 2004

Variables Obs Mean Std. Dev. Min Max

Mig-Rate 451 86.735 154.878 0 2147.56
LnMig-Rate 451 3.826 1.217 0   7.67
Density 451 0.565 0.341 0.03   1.96
Farm wage 451 31.933 5.860 5  50.00
Poverty 451 9.707 8.375 0  62.99
Remote 451 0.372 0.484 0   1
Kinh ethnic 451 0.942 0.233 0   1
Agri 451 0.878 0.327 0   1
Indus 451 0.002 0.047 0   1
Fish 451 0.108 0.311 0   1
Living 451 0.993 0.081 0   1
Labour absorption 451 0.620 0.485 0   1
Lack of capital 451 0.487 0.500 0   1
Price fluctuation 451 0.188 0.391 0   1
Access to market 451 0.102 0.302 0   1
Farm technique 451 0.057 0.233 0   1
Job creation 451 0.215 0.411 0   1
Economic development 451 0.255 0.436 0   1
Disasters 451 0.013 0.044 0   0.65

8.6.4  Appendix 3b: Summary of Statistics in 2006

Variables Obs Mean Std. Dev Min Max

Mig-Rate 480 78.775 109.646 0 1008.79
Ln Mig-Rate 480  3.738  1.273 0   6.92
Density 480  0.557  0.466 0.05   7.86
Farm wage 480 38.900  7.854 0  60.00
Poverty 480 17.585  10.706 0  74.27
Remote 480  0.329  0.470 0   1
Kinh ethnic 480  0.947  0.222 0   1
Agri 480  0.868  0.338 0   1
Indus 480  0.014  0.120 0   1
Fish 480  0.113  0.316 0   1
Living 480  0.993  0.078 0   1
Labour absorption 480  0.668  0.471 0   1
Lack of capital 480  0.475  0.499 0   1
Price fluctuation 480  0.152  0.359 0   1
Access to market 480  0.083  0.276 0   1
Farm technique 480  0.058  0.234 0   1
Job creation 480  0.235  0.424 0   1
Economic development 480  0.173  0.378 0   1
Disasters 480  0.007  0.024 0   0.26
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8.6.5  Appendix 4: Testing for Normality

Mean = 7.2e-10 Std.dev.= 1.218 (n = 480)

Median = 0.1155 Pseudo std.dev.=0.9994 (IQR = 1.348)
10 trim = 0.0753

Low High

inner fences −2.635 2.757
Number mild outliers 18 5
% mild outliers  3.76% 1.04%

outer fences −4.657 4.78
Number severe outliers  0 0
% severe outliers  0.00% 0.00%
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Abstract Globally and in Vietnam, coupled social-ecological systems in the 
peri-urban fringes are amongst the most dynamic as well as strained systems as 
they are at the same time drivers and results of comprehensive transformation 
processes. Based on a literature and policy review, we argue that – globally and 
especially in Vietnam – there is a neglect of the specific needs and challenges faced 
by popu lations in the peri-urban interface. At the same time, the chapter suggests 
that, in the Mekong Delta in particular, agriculture-based population groups in the 
 peri-urban areas are at risk of being negatively affected by overlapping trends of 
(a) socio-economic transformation (including, e.g. liberalisation or urbanisation), 
(b) biophysical degradation (including, e.g. pesticide residues in water bodies) and 
(c) climate change impacts. This hypothesis is tested based on empirical research in 
one of the most rapidly urbanising districts in the Mekong Delta, that is, Cai Rang 
District in the peri-urban fringe of Can Tho City. We find that formerly agriculture-
based population groups in this district are facing substantial decreases in resil-
ience due in particular to the effects of expropriation, relocation and inadequate 
compensation schemes. In addition, the population of the district will experience 
changes in water-related pollution patterns as sources of contaminants are likely to 
shift from mainly agrichemicals pollution to microbiological contaminations and 
pollution from other ‘new’ pollutants such as endocrine disruptors, all linked to 
changes in land use patterns and industrialisation. On top of this, climate change is  
in the future likely to imply increasing difficulties for those groups which – in view 
of the already deteriorated baseline resilience – pose substantial risks of tipping into 
a crisis situation due to a lack of resources and options for adaptation and coping. 
This can be true for single households, extended family networks or entire groups 
(e.g. populations in specific relocation clusters). Yet, the chapter argues that resil-
ience effects may not be understood in a functionalistic or deterministic manner, 
meaning that entire systems per se will inevitably move along a given resilience 
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trajectory. Rather, a review of overlaying trends in Vietnam as well as empirical 
case study analysis shows that resilience pathways are highly dynamic and depend 
on small-scale factors setting the directions. Resilience, therefore, can be differenti-
ated between households or individuals. Acknowledging the importance of those 
small directive elements within resilience pathways opens up opportunities for 
resilience management and governance.

Keywords Resilience • Peri-urban interface • Agriculture • Transformation  
• Climate change • Vietnam

9.1  Introduction

Agriculture is amongst the land use types with the most direct and intensive interac-
tions between humans and their biophysical environment. Over the last decades, 
various theoretical schools have developed which allow us to illustrate the dependen-
cies of humans on ecosystem goods and services and which focus on sustainable 
environmental management (e.g. human ecology, political ecology, footprint 
research; Young 1974; Blaikie and Brookfield 1987; Robbins 2004; Wackernagel 
and Rees 1996; Millennium Ecosystem Assessment 2005). Land use management 
plays a key role in these discourses. However, in many studies the regions with most 
intensive land use transformations are left out from analysis: that is, the peri-urban 
interface with its dynamic hybrids of urban and rural land use patterns. Yet, these 
areas play an increasingly important role. First, they are of substantial quantitative 
relevance given strong urbanisation trends globally and, in particular, in developing 
countries and emerging economies. Second, peri-urban areas in developing coun-
tries often suffer from (a) growing biophysical and socio-economic stress resulting 
from agricultural intensification, (b) utilisation for urban waste disposal and (c) 
economic and social transformation – often coming along with land reforms or 
resettlement – which imply significant livelihood challenges for the original (often 
agriculture-based) population.

In addition to this existing stress, climate change will add to the perturbations in 
peri-urban areas as negative impacts on both rather rural and rather urban profiles 
are likely to be felt simultaneously. As with agriculture in other settings, peri-urban 
agricultural producers will feel the impacts of climate change in very direct terms 
due to the fact that changes in temperature-, precipitation- and flooding-patterns 
directly influence agricultural production. At the same time, peri-urban areas are at 
great risk with respect to environmental-technical-disasters related to man-made or 
natural hazards (of which the latter can be induced or intensified by climate 
change). For example, industrial production units or waste dumps – which bare a 
substantial risk of environmental pollution if flooded or destroyed by storms – are 
often located in the outskirts of cities. In addition, peri-urban areas are likely to be 
at the forefront with respect to receiving the increasing numbers of migrants who 
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will no longer be able to sustain their livelihoods in rural areas due to climate 
change and who move into urban areas in search of new income sources. They in 
turn compete for land and increase both the pressures for the original population 
and the stress on bioyphysical systems.

Despite this present and future stress on peri-urban social-ecological systems, 
the resilience of peri-urban agriculture-based populations and their capacities to 
respond to existing and future challenges are in many parts of the world not well 
understood. Yet, a detailed understanding of these processes is necessary in order 
to allow for adequate policy and decision making. This is of particular importance 
since the reasonable management of those areas can make the difference between 
achieving a (rather) sustainable coupled social–ecological urban-hinterland system 
or an unsustainable and highly vulnerable system.

This chapter, therefore, generates lessons learned from an in-depth, interdisci-
plinary analysis on the resilience of households in Cai Rang District, Can Tho City. 
This district is one of the most rapidly transforming peri-urban areas in Vietnam, 
which in turn is one of the countries most intensively affected by overlaying 
dynamics of socio-economic transformation, ecosystem change, urbanisation and 
climate change risk.

9.2  The Peri-Urban Interface: Neglected Hybrid  
in an Ontologically Dichotomous Landscape

In much of the conventional scientific and political discourse, the terms ‘urban’ and 
‘rural’ are used to represent mental conceptions of some archetype landscapes and 
related characteristics (Simon et al. 2006). These archetype conceptions are very 
often used in a dichotomous and mutually exclusive manner, thereby, constituting 
the pre-analytic vision for much of the past and current policy making, planning or 
research – often lacking critical validity- and reality-checks. Yet, in an increasingly 
urbanising world – in particular in developing countries – this ill-perceived dichot-
omy has to be challenged as it systematically contributes to a neglect and miscon-
ception of the peri-urban interface, that is, where the city fringes intermingle with 
their hinterland to build hybrid mosaics of land use, economic activity,  demographic 
density, administration, socio-cultural dispersion and biophysical environments.

The peri-urban interface is thereby at the same time driver and result of cross-
scale global change phenomena (comprising ecological, social, economic and  
cultural dimensions) (Johnston et al. 2002), as manifested in site-selections of 
diverse economic actors as well as in various flows of people and resources. This 
can, for example, include inbound migration of (rural) poor in search of cheap and 
accessible grounds for settlements (often informal or illegal). At the same time, 
there might be urban rich and upper middle-class people who are looking for 
uncongested sites for housing and leisure activities (often linked to the desire of 
being ‘surrounded by nature’). In addition, industrial enterprises increasingly 
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choose to build production sites in the peri-urban areas as the infrastructure inside 
cities is inadequate or land prices might be too high. Moreover, the urban fringes 
often host critical infrastructure elements such as airports, ring roads, power 
 stations, transmitter stations, waste dumps or sewage treatment plants.

The above-mentioned aspects make clear that defining the peri-urban interface 
through static threshold indicators (e.g. population density or percentage-shares in 
land use patterns) would only be of limited use and would be prone to producing a 
false sense of clear-cut demarcations and uniform entities. Key elements for defining 
and grasping the complex peri-urban interface and the respective areas rather have 
to be seen in (a) a continuum understanding and (b) a process understanding 
(Simon et al. 2006: 10). This implies that, ‘theoretically, a peri-urban zone may 
change in width and the steepness of what we might call its rural-urban gradient 
over quite short periods of time, depending on the nature of pressures within the 
growing metropolis and of migration towards it’ (ibid.).

Despite the fact that this hybrid landscape constitutes the environment for a 
rising number of people, particularly in the global South, remarkably little atten-
tion has been given to the question as to how far it shapes livelihoods in the peri-
urban areas. It has been noted that much of the published work on livelihoods 
focuses on an (allegedly) purely urban or purely rural setting, even though the 
livelihood framework in general recognises that livelihood strategies often 
embrace hybrid activities in rural, peri-urban and urban areas (Simon et al. 
2006: 8). In this context it has also been argued that, in developing countries, poor 
people in the peri-urban interface are particularly vulnerable as they are affected 
by the ‘worst of both worlds’ (Birley and Lock 1998) since the peri-urban inter-
face is subject to the negative externalities of both, the nearby urban and rural 
areas (Allen 2006: 30). Very often, peri-urban poor depend heavily on natural 
resources and ecosystem services as their livelihoods are in most cases (entirely 
or partly) based on agriculture, horticulture, animal husbandry, forestry or fish-
ery. Hence, these groups are to a great extent affected by environmental degrada-
tion in the peri-urban fringes. They, thus, often face a double burden from this 
degradation, that is, the impacts on the livelihood base in addition to direct health 
risks (Allen and Davila 2002). At the same time, poor peri-urban dwellers are 
likely to suffer from steep increases in land prices that can in many parts of the 
world be observed in the course of urban sprawl and growth. Very often, those 
dwellers are, therefore, priced out by middle- or upper-income groups and the 
business sector or are even expropriated by the government, often with poor and 
insufficient compensation regimes, in particular in cases of unclear or informal 
land title. Resulting from this, the affected groups are in many cases forced into 
temporary shelters and lose their opportunity for subsistence farming or income 
generation (Allen and Davila 2002).

These problems are aggravated by the fact that peri-urban areas face substantial 
challenges with respect to policy formulation and implementation. First, the 
 peri-urban interface as defined above usually comprises areas within different 
administrative units. They are frequently located in parts within the boundaries of 
urban administrative units and rural districts, respectively. Hence, responsibilities, 
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e.g. for land use zoning, infrastructure development or environmental management, 
are distributed amongst different authorities resulting in a fragmented planning 
and management landscape that hampers integrative planning (Simon et al. 
2006: 12). Second, Davila noted that environmental management for the peri-
urban area is often ‘falling between the stools’ not only with respect to geo-
graphical dimensions but also in regard to the conceptions and configurations of 
planning and management (Davila 2006: 45). Policies with a primarily spatial 
focus (such as urban or regional master plans) in most cases do not comprise an 
explicit environmental dimension and are usually designed on the basis of territo-
rial boundaries that do not follow the logic and organisation of ecosystems (ibid.). 
Many sectoral or macroeconomic policies, on the other hand, are lacking an 
explicit environmental focus, despite having a great impact on the environment in 
peri-urban areas. Poverty reduction strategies or socio-economic development 
plans often do not give explicit consideration to environmental issues but rather 
to the strengthening of market mechanisms, production and trade – which do 
depend on and affect environmental conditions, especially in the peri-urban 
fringe (Davila 2006: 50).

However, although policies directed towards the peri-urban interface per se are 
lacking, it has been argued that the response should not be to call for exactly these. 
To do so would risk adding another layer of actors, new bureaucracy and additional 
fiscal and regulatory burdens and would complicate integrated planning and man-
agement even further (Davila 2006: 53). Rather, policy-makers should call for a 
greater awareness of the specific needs and challenges faced by peri-urban ecosys-
tems and populations and towards the effects that many spatial and sectoral policies 
imply for the peri-urban interface. In this context, increased consideration needs to 
be given to impact assessments and the integration of policies and plans across 
horizontal, vertical and sectoral divides.

9.3  Vietnam: Dimensions of Transformation, Climate Change 
and Resilience Effects

In the recent past, Vietnam has been undergoing multifaceted transformation  
processes in the economic, political, social, cultural and environmental domains 
which influence each other in multiple ways and which have strong impacts on the 
specific development pathways and vulnerabilities of different population groups. 
Those changes and resilience effects manifest themselves in particular in the country’s 
peri-urban areas, due to the speed, magnitude and new qualities of overlaying pro-
cesses in these regions.

Vietnam is also highly exposed to various future climate change impacts. These 
will likely have substantial (potentially devastating) impacts on the resilience of 
certain population groups – that means on the balance between, on the one hand, 
the level of stress and the magnitude and frequency of perturbations these groups 
are exposed to, and, on the other hand, their capacities to cope and adapt.
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The following paragraphs explore the dimensions of transformation in detail. 
One section is devoted each to transformations within the agricultural sector and 
urbanisation, repsectively. Climate change risk will be illustrated in some more 
detail. Finally, the resulting resilience landscape for Vietnam is sketched out. The 
latter will be done in rather general terms here, in order to prepare the grounds for 
the more specific analysis on dynamic resilience pathways within the peri-urban 
case study presented afterwards.

9.3.1  Political and Economic Transformation

In response to chronic agricultural and industrial underproduction, thriving black 
markets, declining purchasing power, and the impending breakdown of the cen-
trally controlled economy, the government of Vietnam initiated an economic and 
political reform process in the late 1970s towards a more market-oriented economy 
(Luong 2003: 8 et seq.; Dang 2007: 10 et seq.). Several plenary sessions of the 
Party Central Committee as well as Party Congresses during the late 1970s and 
early 1980s passed directives and decrees that implicitly initiated a shift towards a 
market-based economy. However, the breakthrough happened at the 6th Party 
Congress (December 1986) which embraced renewal (doi moi) of the political, eco-
nomic, social and cultural system as an official policy line (Trong 2007: 25). The 
doi moi-process was continued in the late 1980s and 1990s with numerous addi-
tional legislative and regulative reforms, which strengthened the influence and 
freedom of private economic activity in the fields of, for example, investment, trade 
and property rights or land titles. The result has been strong economic growth 
with an average of 8% annually between the years 1990 and 1997 and with the 
number of private domestic enterprises rising from 318 to 5,714 between 1988 and 
1998 (Luong 2003: 11).

9.3.2  Urbanisation

In combination with the economic transformation in the context of doi moi, Vietnam 
has over the last decades been experiencing a strong push towards urbanisation, 
which is expected to continue or even intensify in the future. While in 1985 (i.e. 
shortly before the official commencement of doi moi) less than 20% of the country’s 
population was living in cities and towns (equalling some 11.5 million people), the 
figure has risen to nearly 30% in 2010 (accounting for over 26 million) (UN/DESA 
2008). With the average annual urban growth rate only slowly falling from 2.9% (for 
the decade 2010–2020) to 1.7% (2040–2050), Vietnam’s urban growth is expected 
to remain substantially above the Southeast-Asian average over the next decades. 
This means that an expected 42, 49 and 57% of the country’s population will be 
urban by 2030, 2040 and 2050 respectively, then equalling some 46, 58 and 68 
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million people (ibid.). Cities and towns will both increase their density of popula-
tion, buildings, and infrastructure as well as spread in their geographical extent. 
Regarding the latter, it has been estimated that currently around 100 km² of land are 
converted from agriculture to urban land use every year (Coulthart et al. 2006: x).

Because of the combination of densification and sprawl as well as the related 
effects of resource consumption and pollution, cities will have an increasing envi-
ronmental impact on their own territory as well as on the surrounding peri-urban 
and rural hinterlands. At the same time, the concentration of populations and infra-
structure can imply opportunities for a more sustainable land-use given the potential 
scale effects and synergies (e.g. with respect to transportation, cooling of buildings 
or sewerage infrastructure). Good planning and management in particular in peri-
urban and urban areas is, therefore, of increasing importance with respect to overall 
(i.e. cross-sector and cross-scale) sustainable development of the country.

Urbanisation in Vietnam has to be seen in close correlation to the sensitive 
 question of the (normative) role of cities within the social and economic fabric of 
the Socialist Republic. As with many other non-European socialist governments, 
the Vietnamese political elite for a long time had an ambivalent attitude towards 
urbanisation – which, given the specific history of Vietnam, contributed to differ-
ent urbanisation pathways in the North and South of the country; the effects of 
these can be observed until today (c.f. Drakakis-Smith and Kilgour 2001: 220 et 
seq.). On the one hand, there has been recognition that urbanisation is an important 
prerequisite for the promotion of industrialisation which is in turn key to building 
up an independent economy and a strong national defence (Turley 1977: 624). On 
the other hand, the Vietnamese economy has long been heavily based on agricul-
ture. Urban industries have played a comparatively minor role and agriculture has 
been a major defining element in the national identity. Linked to this, the socialist 
movement in Vietnam was very much rural-based (Drakakis-Smith and Kilgour 
2001: 219) – which is certainly linked to the importance of agriculture in the coun-
try’s social fabric and national history even before the arrival of socialism. In par-
ticular, Southern cities (and especially Ho Chi Minh City) were, after the 
reunification, seen as ‘lairs of American imperialism and its puppets’, which has in 
the early years contributed to an anti-urban bias amongst many cadres of the reuni-
fied socialist Vietnam (Turley 1977: 622).

This ambiguity translated for a long time in a somewhat vague and inexplicit 
handling of urban areas and their specific development challenges. The questions 
of whether urbanisation should be rather stimulated or prevented by official policy and 
how much attention should be given to funding and developing urban areas were 
therefore not answered coherently for many years. Resulting from this was a poor 
administrative and legal framework for the planning and management of urban 
areas which in combination with an overall lack of financial resources (internally 
as well as in regard to foreign investment) led to an ‘urban neglect’ within the first 
years after reunification, resulting in substantial shortcomings with respect to infra-
structure and housing development (Yeung 2007: 272 et seq.; Coulthart et al. 2006). 
In addition, outside the large cities like Ho Chi Minh City, Hanoi or Da Nang, urban 
management and planning was often not recognised as a profession in its own 
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right. Hence, medium-sized and small cities were despite substantial (informal) 
growth and specific urban challenges often administered by political cadres with a 
background in rural management.

In 1998, after more than 10 years of substantial economic growth following the 
commencement of doi moi, the national government passed an Orientation Master 
Plan for Urban Development to 2020, which collated an explicitly urban development 
strategy in response to the challenges for sustainable development of Vietnam’s 
cities (SRV 1998). The plan sets out the goal of a more balanced urban development 
in which the growth of the large urban agglomerations shall be slowed down in 
order to prevent excessive regional disparities and the emergence of mega-urban 
areas that grow beyond control. At the same time, small and medium cities shall be 
fostered and specific cities promoted as industrial hubs, constituting locomotives of 
economic growth. Competitive elements in the search for national funds have been 
strengthened in tandem with substantial financial and administrative decentralisa-
tions. These decentralisations have in the following years been further supported 
through additional legislative reforms, most importantly the Amendment to the 
State Budget Law (2002), the new Land Law (2003), the new Law on Construction 
(2003) and the new Law on Urban Planning (2009) (SRV 2002, 2003a, b, 2009, 
respectively) which all entail shifts of tasks and responsibilities of urban planning 
and management from the national government to administrations on the provincial 
and district level. In spite of the increased attention towards urban areas and devel-
opment challenges, peri-urban areas with their specific conditions and needs con-
tinue to be neglected and still fall through the cracks of rural and urban policy. The 
Orientation Master Plan, for example, does not give explicit consideration to the 
peri-urban interface, nor does the new Law on Urban Planning.

9.3.3  Agriculture

Given its high importance for the country’s economy, its key role as a basis for 
livelihoods and its great normative significance within the ideological fabric of the 
Republic’s political system, the agricultural sector is of particular importance for 
being able to understand Vietnam’s development and renewal process as well as the 
resulting resilience effects.

Agriculture plays a key role in the economy of Vietnam and the Mekong Delta 
is the most intensively farmed area in the country. The Delta provides the majority 
of the production of various commodities (GSO 2009a, b). Yet, the extent of 
 productive agricultural land is threatened in two ways: first by climate change 
impacts (see below); second by urbanisation, as many rural areas (particularly – but 
not only – Can Tho City) are transformed into peri-urban areas and peri-urban areas 
become more urbanised.

In rural and peri-urban areas of the Mekong Delta, intensive agricultural production 
has already had impacts on ecosystems. For example, pesticide monitoring pro-
grammes that were conducted in 2008 and 2009 at field outlets and in channels 
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used for irrigation, in one strictly rural area in An Long District, Dong Thap 
Province, and one peri-urban area in Cai Rang District, Can Tho Province, indi-
cated that a broad range of recently used pesticides are co-occurring at detectable 
levels in these systems (Toan et al. 2009). This can potentially have direct negative 
effects on aquatic ecosystems. But more importantly, this could have negative 
repercussions on human health as ongoing studies (research of Pham Van Toan, in 
UNU-EHS 2010) show that pesticides are detected in drinking water samples from 
water taken out of canals – which during the dry season are a major source for 
drinking water.

Going through an urbanisation process automatically implies land use changes. 
These are not restricted to agricultural land being set aside for urban land uses (e.g. 
buildings, infrastructures), but may as well imply shifts in production systems on 
the land that remains devoted to agriculture. An example could be a shift from rice 
production to fruit tree orchards: With improved access to markets, fruit can be sold 
more easily and provide higher returns to farmers. Shifts in land use patterns in 
rapidly urbanising areas such as Cai Rang imply pollution problems too. For 
example, with the loss of agricultural land, pesticides – as pollutants to the water 
system – may be progressively replaced, for instance, by bacteriological contami-
nations linked to inadequate sewerage systems which service new infrastructure 
developments. Aquatic ecosystems and people who rely on these may then progres-
sively be exposed to new pollution problems. The link between ecosystems, the 
services they provide to communities, and the social component of this coupled 
system can be disrupted, requiring some adaptation from the communities.

Shifts in pollution problems can occur concomitantly with effects of climate 
change. If we focus on the agricultural sector only, Sebesvari et al. (Chap. 13, this 
volume) show the various ways in which climate change can affect pesticide pollu-
tion problems through the many interconnected processes of land use change, pest 
occurrences and farmers’ behaviour. Concomitant changes can also take place if 
pollution problems shift from, for example, pesticide pollution to bacteriological 
pollution. At the same time, populations in maladapted peri-urban areas may face 
increased flooding problems linked either to the effects of the combination of sea 
level rise and changes in discharge patterns of the Mekong River or changes in 
rainfall patterns that may overwhelm drainage systems; flooding in general can 
intensify or multiply the problems of pollution. Here again, communities and eco-
systems will have to adapt, if a relationship between them is to be preserved.

9.3.4  Climate Change Risk

A number of recent studies identify Vietnam to be amongst the countries most at 
risk from climate change impacts (e.g. Dasgupta et al. 2007; McGranahan et al. 
2007; Carew-Reid 2008). With its long coastline and large deltas featuring high 
concentrations of population, agriculture and industry, Vietnam has high degrees of 
exposure to intensifying natural hazard such as floods or typhoons. In addition, 
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underlying creeping changes in precipitation patterns and temperature but also sea 
level rise and resulting salinisation of water bodies and soils pose substantial risks, 
especially to agricultural production. The Mekong Delta in particular faces substantial 
risks given its low-lying topography and its key function in terms of agricultural 
production for Vietnam and the global food market.

According to the Climate Change and Sea Level Rise Scenarios developed by 
the Ministry of Natural Resources and Environment, a sea level rise of 75 cm – 
under a medium emission scenario expected until 2100 – would directly inundate 
19% of the Delta, based on current protection measures and hydraulic infrastructure 
(MoNRE 2009). However, indirect impacts such as salinisation and changing 
hydrological regimes would affect a much larger share of the Delta. The same sce-
nario would imply an increase in the annual mean temperature of 2.0°C by 2100 for 
the southern parts of Vietnam (ibid.). Overall annual rainfall would increase by 
1.5% on average in Southern Vietnam with larger seasonal fluctuations, with larger 
precipitation decreases in the dry season and concomitant increases in the rainy 
season (ibid.: 27).

A combination of these and other changes on a regional-scale (changing monsoon 
and El Nino patterns and human activity such as hydraulic infrastructure for embank-
ments or hydropower stations) and changes in flood patterns have already been 
observed. These changes are expected to be ongoing, which is likely to increase the 
frequency as well as magnitude of extreme flooding events (Tran et al. 2008; 
Wassmann et al. 2004; CFSC 2004). Moreover, typhoon activity – so far predominant 
in the northern and central parts of Vietnam (Kleinen 2007; Kelly et al. 2001) – is 
expected to intensify also in southern Vietnam (CFSC 2004).

9.3.5  Resilience Landscape

In all, the transformation processes described above result in a complex resilience 
landscape with overlaying, yet differentiated resilience effects for particular popula-
tion groups. While Vietnam has experienced average economic growth rates of 7.5% 
over the last years and a general decrease in poverty rates (c.f. Carew-Reid 2008) the 
market liberalisation reforms under doi moi and accompanying land reforms have 
led to an increase in socio-economic disparities (Taylor 2004; Adger 2000a; Waibel 
2005) and produced high numbers of landless farmers, particularly in the Mekong 
Delta (Marsh and MacAulay 2006). Statistical surveys have, for example, shown 
that the number of landless households has increased from 12,500 in 1994 to around 
1,000,000 in 1998 (ibid.: 7). It has in addition been shown that strong correlations 
exist between poverty on the one hand and land title and size on the other (Tuan 
2010). In this respect, Marsh and MacAulay further note that the general decrease 
of people living in poverty – which is observed across different measurement 
approaches – has to be taken with caution since ‘a high percentage of the population 
is bunched just above the poverty line and a relatively small deterioration in living 
standards would be sufficient to push them below the poverty line again’ (2006: 8). 
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Many studies emphasise that poverty is not to be mistaken as an equivalent measure 
to vulnerability or resilience, but that it certainly describes an important factor of 
vulnerability. Poverty regulates access to an increasing basket of services and assets 
within the socio-economic fabric as it changes in the direction of a market-based 
economy and the individualisation and privatisation of social security networks 
(Taylor 2004), including in particular reforms in health care coverage and social 
insurance schemes (c.f. Ekman et al. 2008; Wagstaff 2007).

A further factor contributing to the complex resilience landscape is to be found 
in intensifying export orientation and the integration into global commodity mar-
kets, which besides growing export revenues also imply soaring dependencies on 
global food markets, and, hence, increased vulnerability to price fluctuations. In 
this respect, agricultural producers in Vietnam are subject to what Adger et al. call 
nested and teleconnected vulnerabilities in the sense that vulnerabilities of people 
within one place can be linked and influenced through, for example, shifts in poli-
cies or market trends originating in other (distant) places (Adger et al. 2009). Lynn 
et al., therefore, call for a paradigm shift towards focusing on ‘hot systems’ instead 
of using the conventional and more static notion of ‘hot spots’ (Lynn et al. 2010). 
O’Brien and Leichenko have linked the pressures that climate change and globali-
sation can simultaneously have on agricultural communities and have introduced 
the concept of double exposure, the idea that each of those trends may create per-
turbations that no longer can be considered separately but which interact and over-
lay to create a new, complex nexus of increased exposure and vulnerability (O’Brien 
and Leichenko 2000). All these conceptual approaches give fruitful guidance for 
exploring and understanding the interactions of overlaying processes that create the 
dynamic and complex resilience landscape that is specific to Vietnam and espe-
cially the peri-urban areas in the Mekong Delta.

In addition, the intensification of agriculture can – as shown above – imply 
substantial risks of ecosystem degradation, putting at risk particular agricultural 
population groups which directly depend on the productivity of those services – a 
problem which has been observed to be of increasing relevance in the Mekong 
Delta (Ni et al. 2001). In combination with climate change impacts, those degrada-
tions may pose the risk of unexpected feedbacks in coupled social-ecological 
systems, including, for example, pest outbreaks or sudden drops in carrying capac-
ity. Such events could in turn cause decreases in productivity and yield, putting the 
livelihood bases of agricultural populations at risk.

Investigators who have given attention to natural hazards and climate change 
have further argued that transformations in the political system and related short-
comings with respect to the layout and implementation of political decentralisation 
have caused a reduction in collective action for risk management, despite the emer-
gence of civil institutions which have begun to shape a new landscape of institu-
tional adaptation (Adger 1999; Tran et al. 2008). As a result, increased vulnerabilities 
can be observed amongst those groups who do not have sufficient resources to 
substitute the formerly socialised elements of risk management with action on an 
individual or household level (Adger 2000a). In addition, climate change requires 
increased efforts and resources for adaptation, which will likely exceed the capacities 
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of certain population groups, increase their baseline vulnerability, and increase their 
risk of tipping into serious crises in cases of extraordinary natural hazards 
(Garschagen et al. 2009).

9.4  Case Study: Cai Rang District

Cai Rang District is one of nine districts within Can Tho City, which is the biggest 
city and economic centre of the Mekong Delta, located about 180 km southwest of 
Ho Chi Minh City (compare Fig. 9.1). In 2009, Can Tho City had a total population 
of 1.19 million, of which 86,000 were living in Cai Rang. This district belongs to 
the less populated districts of Can Tho, peripheral to the neighbouring Ninh Kieu 
District at the urban core of the Province and accounting for 244,000 inhabitants 
(compare Fig. 9.1). However, Cai Rang has recently commenced the significant 
build-up of residential and industrial developments, which will make it one of the 
most rapidly urbanising districts in the Mekong Delta over the next several years. 
The development master plan until 2025 envisages developing Cai Rang into an 
urban-port-industrial zone by 2025 (SRV 2006). This plan includes the develop-
ment of new residential quarters for 120,000–150,000 people, covering an area of 
700–800 ha, in particular in Hung Phu, Hung Thanh and Phu An wards (ibid.: 5.b). 
Furthermore, two industrial parks (called Hung Phu I and II) are planned, covering 

Fig. 9.1 Map of selected districts in Can Tho City and selected transformation indicators from 
Statistics Office Can Tho City 2010
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an area of 600–700 ha. Attached to these, a new port (Cai Cui Port) is being built 
at the Hau River in the south of Cai Rang; this is planned to become a seaport, 
capable of handling large-sized ocean freight vessels. The port will become the 
commercial gateway that makes the shipment of goods produced in the Mekong 
Delta much easier and will improve the competitiveness of the agricultural and 
industrial producers in the region. In addition to development for residential and 
economic uses, the master plan sets aside 120 ha for a new cultural centre, as well 
as land for several other facilities such as commercial centres, hospitals, and golf 
courses or roads (SRV 2006). One particular characteristic of the district’s develop-
ment is the new bridge for Highway 1 (connecting the Mekong Delta to Ho Chi 
Minh City) across the Hau River lands in Cai Rang. This is causing many important 
distributor roads as well as new parts of Highway 1 to run through the district, and 
these infrastructure changes will likely have a catalytic effect on Cai Rang’s formal 
as well as informal economic development.

Until the recent past, the majority of Cai Rang’s population based their liveli-
hoods on a combination of (a) agricultural activities (for subsistence purposes and 
as the main contributor to income generation), (b) other activities in the industry, 
service, or trade sector (often being located in the urban core of Can Tho, i.e. in 
Ninh Kieu District or adjacent wards of Cai Rang and Binh Thuy) or (c) on remit-
tances or social welfare (compare Fig. 9.1). By and large, the livelihoods of Cai 
Rang’s population is characterised by the aforementioned mixture of income-
earning activities in the peri-urban interface and this does not fit into prevailing 
conceptions of rural versus urban livelihood patterns.

Because many of the new developments have already been under construction 
for a couple of years, transitions in the land use statistics of Cai Rang can already 
be observed. In particular, the area for cropping has been shrinking substantially, 
amounting to a reduction of more than 50% between 2000 and 2008 (Statistics 
Office Can Tho City 2010) (compare Fig. 9.1). Our field observations and discus-
sions with households in 2008 revealed that some agricultural land was left uncul-
tivated or orchards were left unattended because land was earmarked for 
development, despite the fact that construction (of roads, bridges or residential 
areas) had not yet started. Related to this, the number of people employed in the 
non-farm sector increased almost 350% between 2000 and 2008, with the popula-
tion growing 11% during the same period of time (Statistics Office Can Tho City 
2010) (compare Fig. 9.1).

Current and future land use change dynamics will directly and indirectly 
impact the environment and the provisioning of ecosystem goods and services. 
Large portions of Cai Rang are currently a major construction site where environ-
mental norms are likely not respected to the letter. In addition to construction-
related pollution, land use changes will alter land and water pollution patterns in 
various ways. As already indicated above, our research related to pesticide pollu-
tion clearly showed that agrichemicals can be found in concentrations exceeding 
water quality guideline values for some of the monitored compounds. This is 
because pesticide management is absent in the intensive agricultural system in 
place in Cai Rang which includes rotations of vegetable crops with rice as well 
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as fruit orchards (research by Pham Van Toan, in UNU-EHS 2010). With some 
land left fallow and fruit orchards left un-managed, the quantity of agrichemicals 
used in the district (or at least in some localities of the district) is most likely 
lower than under normal circumstances. This can currently have beneficial 
impacts for land and water ecosystems as well as on human health. But given the 
current development trends, new types of contaminants or higher concentrations 
of contaminants are likely to emerge, including microbiological contaminants 
should untreated sewerage be poured directly into the canal and river systems. 
Emerging contaminants such as endocrine disruptors, which can be found in 
urban and industrial settings in the Mekong Delta – but less so in Cai Rang as of 
now (Hoa N.T., PhD researcher in the WISDOM project, data not yet published) 
– could also become prevelant. This could make it increasingly difficult for the 
remaining farmers (who have managed to sustain their agricultural land and pro-
duction) to rely on the available water for drinking and irrigation purposes. 
Finally, with urbanisation has come the sealing of land surfaces. Should urban 
development patterns in Cai Rang follow the same approaches of those in Ninh 
Kieu District, the infiltration capacity of soils will drastically decline. With the 
potential aggravating effects of climate change on slow-onset tidal flooding as 
well as on the intensity and frequency of heavy rain events in the region, flooding 
will most likely affect the district in a more pronounced way in the future. 
Padgham (2009) identified flooding as one of the highest risk factors for peri-
urban agriculture together with access to water for irrigation and the potential 
magnification of urban heat island effects. This could lead to secondary impacts 
including additional pollution of land and water systems in the region through the 
inundation of infrastructures such as petrol stations, construction sites, and the 
like. The remaining farming communities in the region are therefore likely to 
have to deal with different types of water pollution in the long run (both for irri-
gation and consumption purposes) and a likely increase of seasonal flooding 
caused by the double constraint of climate change and urbanisation. They will 
also have to adapt their farming practices to deal with potentially increased pest 
problems linked to climate-change-related increases in extreme climate events, 
changes in soil water contents, and other factors (see, e.g. Padgham 2009).

In addition to the stress added to local livelihoods through those environmental 
issues, agriculturalists in Cai Rang face substantial economic pressures caused by 
peri-urban developments. The statistics on land use change dynamics given above 
already point towards what appears to be the most pressing challenge in the 
moment: Many former residents in the agricultural sector lose their agricultural 
land and have to resettle away from their original plot of land. Underlying this situ-
ation is a complex political economy including elements of being priced out, expro-
priated, relocated and poorly compensated. Long before the current construction 
master plan had been officially approved by the Prime Minister in September 2006, 
private property developers and real estate companies started to acquire land plots 
from farmers and other residents. Many of the households interviewed in 2009 
reported that respective transactions with those companies go back 6–9 years (i.e. 
between the years 2000 and 2003).
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As all land in Vietnam eventually belongs to the people (i.e. it is property of the 
state), the legislative framework for land transactions in the context of new develop-
ments establishes that the government gives the right to the developer (either a private 
company or the state itself in cases of roads, harbours and other public develop-
ments) to build the development as specified in the construction master plan. The 
developer then has to arrange the clearance of the land as well as the compensation 
for it in dialogue with the former land holders. The latter are under the Land Law 
entitled to have long-term individual land use rights, including the right to lease, 
transfer and mortgage land. The clearance and compensation procedure is supported 
by a site clearance committee with strong involvement of the local government 
which is supposed to mediate between the interests of the developer and the former 
residents or users. In addition, the government publishes a yearly updated price list 
as a yardstick for compensation rates in specific locations and for different land use 
categories. In theory, these should be a close representation of the actual market 
value of the respective land plots (for a more detailed description of the legal frame-
work regarding compensation refer to the Land Law of 2003 (SRV 2003b) and the 
Circular 114/2004/TT-BTC on determining land prices or Han and Vu (2008)).

In Cai Rang, two schemes of compensation have been applied which in many 
cases are combined to build one hybrid mode. The first approach envisages that 
households receive monetary compensation representing the value equivalence of 
the land as well as of special assets such as the house or fruit trees. This scheme is 
locally referred to as ‘money for land’. The second scheme in general aims at com-
pensating in kind with a new plot of land and a house within a new residential cluster 
constructed by the developer (‘land for land’). In addition, a very common hybrid 
form in Cai Rang envisages that households receive monetary compensation and can 
use this for purchasing a plot of land and/or a house in the new residential cluster.

Using semi-structured household interviews in Cai Rang in 2009, a number of 
shortcomings in the implementation of the land clearance and compensation 
schemes can be identified which imply substantial challenges and livelihood prob-
lems for the respective households. First, the compensation offered is considered 
inadequate by the majority of households interviewed. A commonly reported point 
of criticism is that the compensation rate is much below the actual prices for land 
use certificates in the respective area at the given time. Hence, the amount of 
money received (in the case of monetary compensation) was stated to be insuffi-
cient for purchasing an adequate plot of land elsewhere in return. Interestingly, this 
criticism was also registered with respect to the plots of land and/or houses in the 
new residential cluster, due to a stark difference in the compensation per square 
metre on the one hand and the price for the plot in the residential cluster on the 
other. The compensation scheme of one of the private developers, for example, 
sets out that land plots of 60 m² are reserved in a new residential cluster for those 
households that have to be relocated. In the hypothetical case that such a house-
hold had a plot of 60 m² residential land prior to the resettlement, the household 
can get the exact amount with the new plot in the residential cluster and, addition-
ally, compensation for rebuilding the house, with the latter rate depending on the 
type of house in the old location as well as on the rebuilding and construction rates 
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defined by the local authorities under the pricing scheme. However, if the original 
plot of residential land was smaller than 60 m², the household has to pay the dif-
ference for buying the new 60 m² parcel. The price for this was defined to be 2.5 
million VND under the given scheme, of which the local People’s Committee 
contributes 50%. However, the compensation rate for the old land is – under the 
same scheme – only 500,000 VND, resulting in a difference of 750,000 VND/m², 
a cost that has to be borne by the household itself. In addition, the compensation 
rates for the housing stock were reported to be insufficient for rebuilding an ade-
quate house of the same size and quality. The compensation of additional agricul-
tural land is handled separately under this scheme with a one-time compensation 
of 150,000 VND/m². On the one hand, this money can be used in order to support 
the purchase and construction of the land parcel and house for residential pur-
poses. On the other hand, this compensation was stated to be much too low, con-
sidering that it served as a basis for long-term income generation in most 
households and that the purchase of adequate plots of agricultural land would be 
much more expensive, if available in the close vicinity at all.

Second, the vast majority of affected households stated that they experienced 
substantial delays between the transfer of the land title and the actual payment of 
compensation as well as the resettlement or the finalisation of resettlement areas – 
all potentially leading to significant microeconomic problems. As indicated above, 
most of the households transferred the official land use title between the years 2000 
and 2003. However, much of the new residential areas have only been developed 
(clearance of land plots, construction of roads, drainage and sewerage systems, 
hauling of electricity connections etc.) years later, in most cases not before 2007. 
While most of the households affected by this delay were permitted to remain living 
on their old land until the actual date of resettlement, the transfer of agricultural 
land implied that agricultural production was no longer, or only in very limited 
terms, permitted or possible during those years. This caused a loss of income 
 generation for the affected households, given the lack of alternative income sources. 
Many of the affected households were, therefore, forced to use up their savings, e.g. 
the first instalments of the compensation money, which were in fact meant for con-
structing houses or for purchasing land titles in the new place. Alternatively, they 
had to take on debts, most often with relatives due to the lack of access to bank 
loans.

Thirdly, in addition to those hard economic facts, most households interviewed 
expressed concerns in an additional dimension revolving around emotional bonds 
to their original land as well as social networks. The loss of the land threatens the 
continuation of the old income-earning activities and the foundation of personal 
and community identity – in particular for the case of farmers, but also within the 
localised service or trade sector. Resettlement also in most cases contributes to a 
dissolution or reshuffling of social networks and, therefore social capital, be it with 
respect to, for example, the schools of the children, long-grown neighbourhood and 
family bonds, or the circle of customers in business relations. Many households 
stated their strong opposition to being relocated and would prefer to stay in the old 
place if they were given the choice.
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9.5  Discussion: Dynamic Pathways in Resilience

The review of large-scale trends resulting from transformation and climate change in 
Vietnam in combination with the case study analysis of developments in the peri-urban 
areas of Cai Rang reveals the complex interaction of trends and developments at vari-
ous scales and their particular influence on peri-urban populations, often comprising 
rather negative effects and challenges for the livelihood regimes of these groups.

However, the case study analysis also shows that shifts in the resilience1 of peri-
urban population groups against the background of transformation trends and 
climate change can be influenced by many small circumstances. Specific resilience 
pathways of single households are therefore the result of the particular combination 
of decisions, events and access-portfolios with which the respective household is 
faced. Every one of these factors, thereby, works as a type of switch setting the 
direction for another section of the individual resilience pathway. For the analysed 
case study district, the chain or conglomerate of relevant elements influencing 
resilience directions would, for example, include the following questions: How far 
do environmental degradation processes affect agricultural production? Have water 
resources, even if polluted before the transition process, become unusable for agri-
cultural and other uses – or if they are used, what health threats do they pose? Is the 
agricultural production of the household affected by surrounding production or 
construction sites? Can diversification of rural livelihoods be envisaged? Is the 
household at all located within the area earmarked for new projects? Is the devel-
oper the state or a private company? If it is a private developer, which company is 
it, meaning which specific compensation scheme will be applied? Did the house-
hold live on a parcel for which it had a land use certificate or not? Is the compensa-
tion scheme linked to this title and how big are the compensation differences for 
those plots with certificates and those without? Is the household free to choose 
between ‘money for land’ or ‘land for land’ or is only one option possible due to 
resource constraints? When the household prefers to move into the new residential 
cluster, was the old land patch big enough to be able to afford this? Does the com-
pensation and relocation happen fast enough to withstand the effects of income loss 
and inflation? When is a point reached where all savings or compensation instal-
ments are depleted due to inflation and rise in land prices? How do global food 
prices change over the same time and how does this affect the revenue ratio of 
agricultural-based households? If the household receives a new plot of land, how 
exposed is this new plot to flooding and other natural hazards, particularly against 
the background of climate change-related trends?

1 Comprehensive overviews of different schools of resilience thinking and their specific epistemo-
logical as well as ontological perspectives have been provided, for example, by Folke (2006), 
Janssen et al. (2006) or Gallopin (2006) and shall not be repeated here. For the context of our 
argument, resilience can sufficiently be defined in rather broad terms as the ability of a system or 
actors in a system to cope with stress and disturbance resulting from social, economic, cultural, 
political or environmental change and to reorganise so as to retain essential functions of the sys-
tem (adapted from Walker et al. (2004) and Adger (2000b)).
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These elements or switches within resilience pathways can be conceptualised as 
tipping points. The differences which appear on first sight rather small or unimportant 
may have a comparatively large effect on the overall livelihood and resilience 
situation of the given household (e.g. for the illustrated compensation scheme, the 
question whether the plot of land is a little bit smaller or larger than the land size 
in the resettlement cluster may have a substantial financial effect and may be 
 decisive to the question whether or not the household can afford to settle in 
the  relocation cluster). The chain of critical elements exemplified above indicates 
that households are at risk of steering into significant crises situations if they expe-
rience an accumulation of circumstances in which switches are set towards negative 
developments – that is if they, for instance, do not have land certificates and, at the 
same time, happen to be located within the project area of a developer who strictly 
only compensates for those households who do have such land title.

Yet, at the same time, the notion of switches and dynamic pathways evolving 
from this analysis challenges much of the conventional thinking in resilience and 
tipping point discourses. Resilience is often thought of as a rather monolithic char-
acteristic of one particular system or group in the sense that, for example, farmers 
in the given area share the same resilience characteristics and parts that are 
coalesced in one binding system. This pre-analytic vision often implies strong 
(implicit or explicit) functionalistic or monocausal notions in the sense that, for 
example, certain population groups that have similar socio-economic characteris-
tics and share the same biophysical landscape (and hazards) will move along the 
same development pathway and eventually end in a similar (often deteriorated) 
situation. While this observation might be true for certain empirical cases, regions 
or systems, it is certainly not true for all of them, as the analysis of very differenti-
ated and dynamic resilience pathways in Cai Rang has shown.

Further, the notion of overlaying and interacting processes that affect resilience 
has so far mainly focused on researching and conceptualising those cases where all 
the interacting processes work in the same direction. Particular attention has been 
directed towards deteriorations in resilience, mainly in the sense of cascading 
effects which eventually lead to the collapse of a given system (Abel et al. 2006; 
Kinzig et al. 2006). Intermediate options where only some elements are negative 
and others point in positive directions, are under-represented in the prevailing con-
ceptual discourse. The above-mentioned case related to water pollution can serve 
as an example of how this might work; in some parts of Cai Rang the occurrence 
of agrochemicals will decrease due to land use change while endocrine disruptors 
and other new contaminants from urban waste, industrial waste and sewerage could 
increase. Similarly, relocation can – if sufficiently implemented – also imply sub-
stantial advancements for the affected people with respect to, for example, access to 
electricity, water supply or sanitation infrastructure.

An additional – and in the view of the authors highly important – point has to 
be seen in the relevance and applicability of resilience thinking for policy mak-
ing. It has been noted that resilience thinking is widely considered to be con-
ceptually and analytically appealing; however, by and large it so far gives little 
concrete and applicable guidance for decision making, for example, on how to 
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avoid tipping into a crisis or collapse in a given coupled social-ecological system 
in which overlapping power relations and actions are at work (Garschagen 2010; 
Renaud et al. 2010). It is also of relevance to note that tipping points are so far 
predominantly discussed with respect to rather big systems – with the discussion 
originating from the analysis of global systems in the fields of climatology and 
oceanography. The threats of tipping points in those large-scale systems, how-
ever, seem to have been overwhelming in relation to the implementation of policy 
responses on the ground – let alone regarding the identification and distribution 
of responsibilities.

The notion of small-scale tipping points, in the sense of turning points in the 
trajectories of household-level resilience pathways as presented here, in contrast, 
allows for the clear identification of cause–effect relations and, therefore, of 
responsibilities for specific elements in this resilience landscape. This conceptual 
and analytic notion has strong and direct relevance for developing concrete 
response options and countermeasures. It divides over-generalised and unwieldy 
challenges to and possibilities for resilience into small pieces which are much 
easier to manage and for which concrete solutions can be found comparatively 
easily. Working on this scale also helps to uncover responsibilities of different 
actor groups as well as options and capacities for solutions amongst these groups 
(e.g. the time frame for the implementation of compensation and the issuance of 
new land titles are within the responsibilities of the developer; however, the local 
government can through the clearance committee – in theory – influence the timing 
and implementation of those decisions).

Identifying and explicitly analysing turning points and potential tipping points 
in resilience trajectories surely cannot be seen as a panacea for solving all the 
problems related to issues of power struggles in the complex political economy 
or political ecology at work. It is argued here, however, that explicitly uncovering 
these turning points and their potentially negative effects is a first step towards 
strengthening important attributes conventionally understood to be amongst the 
defining elements of good governance, that is, transparency and accountability in 
decision making (c.f. UNDP 1997). This way, the notion of dynamic resilience 
pathways can have a guiding role in fostering integrative planning and manage-
ment approaches in the process of comprehensive governance.

9.6  Conclusions and Outlook

This chapter brought together elements from different disciplines for exploring 
resilience trajectories of peri-urban farmers in the Mekong Delta. An emphasis was 
placed on dynamic continua as well as grey-shades between static or dichotomous 
viewpoints in policy making and research. This holds true, for example, for the 
focus on the hybrid peri-urban interface; for exploring resilience effects of certain 
developments in both positive as well as negative directions; for acknowledging frag-
mented and often contested responsibilities as well as the agency of different actors 
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in a transforming actor landscape; and, most importantly, for conceptualising tip-
ping points and resilience pathways as the result of the interaction of many small 
factors with multiple possible pathways for different agents (rather than applying a 
deterministic understanding of a monolithic system moving as a whole into one 
pre-defined direction).

It is argued here that a strong emphasis on such continuum thinking is necessary 
for effectively approaching the complex and highly dynamic developments and 
challenges in Vietnam and in particular within the peri-urban agricultural sector, 
which is and will be heavily affected by the overlapping impacts of socio-economic 
transformations (including significant urbanisation) and climate change. Challenges 
to the peri-urban interface in Vietnam, which so far have not been sufficiently 
addressed in research and policy making and which continue to be falling through 
the cracks of horizontally and sectorally fragmented administration and planning, 
need to be addressed more thoroughly in the future. The comprehensive focus on 
socio-economic transformation (and related development questions) and climate 
change impacts, further, calls for increased efforts to link these two spheres. Finally, 
the explicit focus on what we have called turning points or switches in individual 
resilience pathways advances the conceptual resilience discourse. This is too often 
characterised by a rather deterministic system thinking, and pays little attention to 
differences in household-level resilience amongst groups that are conceived as 
sharing identical levels of resilience due to being part of the same larger system. 
Our viewpoint allows for concrete guidance with respect to resilience assessment 
and policy making as it splits up the domain of household-level resilience into 
smaller elements, which then become possible to address and manage. The explicit 
focus on these switches helps to identify responsibilities for respective action as 
well as shortcomings and challenges. Identifying these shortcomings is the first 
step for effectively addressing and improving the related problems (with often rela-
tively small changes being necessary to induce large improvements, as the example 
of compensation schemes has shown). This process deserves great attention in 
countries like Vietnam, where the spectrum of actors is rapidly transforming due to 
socio-economic and political change which in turn is increasing the need for medi-
ating the responsibilities and rights of different stakeholders. However, at the same 
time this last point is likely to be one of the biggest challenges in Vietnam, as the 
transparency of decision-making processes and mechanisms for public participa-
tion remain highly contested.
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Abstract The objective of this study is to measure the technical, allocative, and 
cost efficiency for farmers who grow crops following either rice-monocultural pat-
terns or crop-rotation patterns in the non-flooded and flooded areas of the Mekong 
River Delta in Vietnam. The non-flooded areas are located within irrigated bound-
ary systems, and the flooded areas are located outside these systems. In addition, 
the determinants of household income and productive efficiencies are identified in 
the study.

Related to productive efficiency, the measured results show that the crop-rotation 
farmers are more efficient in terms of technical and cost efficiency than the continuous-
rice farmers and vice versa for allocative efficiency, for the case of non-flooded 
areas. Similarly, the mean efficiency score is greater with respect to technical, 
allocative, and cost efficiency for farmers employing the crop-rotation pattern in 
comparison with farmers following the continuous-rice pattern.

Regarding the factors influencing efficiencies, in the case of non-flooded areas, 
the estimated results show that although there are some differences in determinants 
of each component of total productivity, sex, age, education, share of female labor, 
and farming pattern are found to be the main factors driving changes in most of the 
components such as technical and allocative efficiency. In the case of flooded areas, 
all components of total productivity in terms of the technical, allocative, and cost 
efficiency are impacted by the variation in sex, age, and education.

Keywords Efficiency of continuous-rice and crop-rotation patterns • Data 
envelopment analysis
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10.1  Introduction

Vietnam is an agricultural country. About 80% of the population living in rural 
areas and more than 74% of the workforce are employed in agricultural sectors. 
Agricultural products dominate exports and home consumption. They contribute a 
significant percentage to Vietnam’s economic growth rate. The Mekong River 
Delta (MRD) region, which is located in the south of Vietnam, comprises about four 
million hectares or about 12% of the country’s total area.1 It has substantial potential 
for agricultural development. More specifically, the MRD contributes about 55–60% 
of nationwide agricultural production and about 65% of exported agricultural 
products. Looking at the rice sector, about 60% of Vietnam’s total rice production 
and 65% of rice exports are provided by this region (Statistical Yearbook 2006).

In recent years, farmers in the MRD have wanted to shift from a continuous-rice 
pattern to a crop-rotation pattern in response to governmental encouragement and 
in order to increase profit, for almost all rice monoculturalists are plagued by low 
productivity and low incomes. However, for a variety of reasons, they also have had 
some difficulties in this transition. The first reason is that the agricultural sector 
tends to be small scale and uses traditional technology and extension services 
which are inadequately funded, leading to a shortage and poor distribution of 
agricultural inputs. The second reason is the low level of technical efficiency and 
the lack of appropriate knowledge regarding shifting cultivation from traditional 
rice crops (called continuous-rice patterns) to crop-rotation patterns, which farmers 
have wanted to apply in recent years.

In addition, some provinces such as Long An, Tien Giang, Vinh Long, Dong Thap, 
Can Tho, and An Giang are located along two large rivers – the Tien and Hau – which 
are derived from Tay Tang highland (China) flowing through Lao, Thailand, 
Myanmar, Cambodia, and Vietnam before running into the Pacific Ocean. Every 
year from September to November, the water levels of these rivers rise about 1–2 m 
higher than the normal levels in a year. This leads some areas of these provinces to 
be under water (these areas are called flooded areas). Such characteristics make it 
very difficult for farm households in those areas to practice agriculture during the 
flooded time period.

The central and local governments have established some policies to prevent dele-
terious impacts of flooding on agricultural production by building boundary-irrigated 
systems (called flood prevention dikes) in the regularly flooded areas. The effects 
of these policies, however, need to be evaluated by comparing profits and the pro-
ductive efficiency of farm households that live within boundary-irrigated systems 
to profits and the productive efficiency of farm households that live outside the 
systems.

1 The Mekong River Delta region is located in the south and consists of 13 provinces: Long An, 
Ben Tre, Tien Giang, Vinh Long, Dong Thap, Tra Vinh, Can Tho, Soc Trang, An Giang, Kien Giang, 
Bac Lieu, Hau Giang, and Ca Mau provinces.
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Farmers in the MRD are facing the choice between traditional rice and crop-rotation 
patterns, and the government is considering whether or not to continue building 
boundary-irrigated systems. In light of these considerations, comparing the produc-
tive efficiency of the continuous-rice and crop-rotation patterns outside and outside 
boundary-irrigated systems seems appropriate and useful.

10.2  Data

The heads of farm households were personally interviewed by trained interviewers 
who are junior staff members of the School of Economics and Business 
Administration of Can Tho University under the supervision of the author.

Primary data was collected via the use of interview schedules designed to col-
lect information on quantities and prices of inputs and outputs as well as socioeco-
nomic/environmental factors from the selected farm households using multistage 
random-sampling techniques. Prior to actual data collection, the permissions to 
conduct the interviews in the sample villages were secured by the municipal and 
local executives. Such permissions were necessary to establish a good relationship 
and good cooperation with the respondents.

The surveys covered four provinces in the MRD, of which An Giang and Long 
An were in the flooded areas, and Tien Giang and Tra Vinh in the non-flooded 
areas of the MRD. These provinces were chosen because they all had large areas of 
agricultural land in production, together with a large number of mono-rice and 
crop-rotation farmers.

For each of the selected provinces, one district was then randomly chosen, except 
for An Giang Province wherein two districts were selected, giving a total of five selected 
districts, namely, Moc Hoa (Long An Province), Cai Lay (Tien Giang Province), 
Cau Ke (Tra Vinh Province), Cho Moi, and Tri Ton districts (An Giang Province).

In the last stage, because it was impossible to survey all farmers, samples were 
drawn so as to select farmer representatives from populations of farmers who 
followed continuous-rice patterns and who employed crop-rotation patterns in the 
2004/2005 agricultural years. Through this sampling scheme, two groups of farmers 
were randomly selected for each of the five districts. Of these two groups, one 
consisted of 60 farmers who followed the continuous-rice pattern, and the other 
consisted of 60 farmers who employed the crop-rotation pattern. The surveys gave 
a total of 600 selected farmers: 300 farmers who employed continuous-rice patterns 
and 300 who employed crop-rotation patterns. However, the analyses were carried 
out using the responses from 262 and 242 farmers, respectively, for the continuous-
rice and crop-rotation patterns. The remaining farmers were rejected due to 
inconsistencies in their responses.

Although the surveys were randomly conducted, in order to avoid any bias in the 
analyses, households were only selected if they used the same agricultural land 
areas in their production of crops throughout the year. This was consistent for both 
continuous-rice and crop-rotation patterns.
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10.3  Methodology

10.3.1  Calculation of Technical, Allocative, and Cost Efficiency 
Using the DEA Model

Data envelopment analysis (DEA) is another approach to frontier estimation, which 
is based on the mathematical programming method instead of the econometric 
method to measure the production efficiency of a firm. DEA was first proposed by 
Farrell (1957), then by Boles (1966), Shephard (1970), and Afriat (1972). However, 
the idea was quite novel, and originally not much attention was paid to it. This 
situation lasted until the publication of the comprehensive papers of Charnes et al. 
in 1978, wherein the DEA model strongly focused on the input-oriented approach 
(i.e., the firm has more controls on inputs than on outputs) and relied on the constant 
returns to scale (CRS) circumstance. This model, called the CCR model, is also 
known as the CRS-DEA model.

In agricultural cultivation, the productivity of a farm household consists not only 
of the technical component such as TE or the component of operation scale such 
as SE, but also of the other components such as effects of resource allocation 
(allocative efficiency – AE) and the use of productive costs (cost/economic effi-
ciency – CE). The AE measure is used to evaluate the farm household’s ability 
in allocating and utilizing a mix of inputs in the optimal way with given relative 
prices and production technology. The CE is calculated by a combination of TE 
and AE, and hence, may be used to estimate the possibility of cost savings by the 
household when moving to the technically and allocatively efficient point with 
given input prices and technology.

In the case of available information on input prices, the TE, AE, and CE can be 
measured by using the CRS Input-oriented DEA Model (Coelli et al. 2005; Krasachat 
2007). Consider the situation with N observations of farm households, each of the 
households produces S outputs using M different inputs. The LP problem must run 
N times, one for each household. For the particular household p ( )p N∈ , the DEA 
model is specified.2
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where: 

 i is the parameter presenting the number of DMUs (i = 1, 2,…, p,…, n); 
 j is the parameter presenting the number of inputs ( j = 1, 2,…, m); 
 r is the parameter presenting the number of outputs (r = 1, 2,…, s); *

jpx is the 
input vector j utilized by the household p with respect to production cost 
minimization, *

jpx are calculated from the LP, jpw is the input price vector j 
paid by the household p; 

 q
rp

 is amount of output r produced by the DMUp; 
 q

ri
 is (N × S) matrix of S outputs of each of N observing DMUs; 

 x
ji
 is (N × M) matrix of M inputs of each of N observing DMUs; 

 l
i
 is an N × 1 vector of weights which defines the linear combination of the 

DMUi and subsequently creating a projected/virtual point of the DMUp lying 
on the frontier. This projected point is the fully efficient potential point produced 
by the radial contraction of the input vector with unchanged output level.

10.3.2  Metafrontier and Relative Positions of Group Frontiers

In the preceding sections, the DEA models used to calculate the efficiency of farm 
households are provided with two separate specifications, that is, the CRS-DEA 
model and the VRS-DEA model. Actually, the production-efficiency score of a 
given household is measured by comparing its real position to the frontier of the 
observed data of the particular group (sample) to which it belongs. Different 
groups, however, may differ from each other in various respects such as size of 
landholding, labor, or capital, together with other characteristics relating to soil 
quality and socioeconomic environment. Thus, every group has a specific pro-
duction frontier and differs from each other. This specific frontier is called the 
group frontier (O’Donnell et al. 2008). The idea behind the group frontier is that 
we can evaluate and compare the efficiency score of a farm household with others 
within a group of farmers.

In this study, apart from a comparison of the efficiency of each farmer within 
a group of farmers in a particular farming pattern, the efficiency of farm house-
holds should be compared with farmers having adopted the other farming pattern 
(i.e., between the two selected farming patterns – the continuous-rice and crop-
rotation pattern). To do this, all farm households in both the continuous-rice and 
crop-rotation patterns, besides facing their specific group frontier, are assumed 
to share a common frontier. This assumption is plausible because, although each 
farming pattern has specific characteristics, both may be involved in the same 
activities with respect to agricultural infrastructure and supported policies.  
The common frontier is called the metafrontier. Generally, the metafrontier is 
defined to be the boundary of a set of all specific group frontiers (O’Donnell 
et al. 2008).
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Given the DEA models along with the metafrontier technique, the TE scores of 
farmers can be compared not only with those of farmers within the group to which 
they belong but also with those of farmers from other groups (i.e., between two 
groups of farming patterns such as the continuous-rice and crop-rotation patterns) 
by calculating the metatechnology ratio (MTR) for each farming pattern. This ratio 
is defined by the following equation:
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where: 

 MTR
i
(x,y) = metatechnology ratio for the i-th household (i = 1, 2,…, n); 

 E
i
(x,y) = technical efficiency of the i-th farm household using the input vector, 

x, to produce the output vector, y, in comparison with the metafrontier; 
 g

iE  = technical efficiency of the i-th farm household with respect to the fron-
tier of group g.

The relative position of each group frontier (i.e., farming pattern frontier) in 
comparison to the metafrontier is specified based on its mean MTR. Therefore, the 
relative positions of farming pattern frontiers are determined by comparing the mean 
MTRs of different groups of farming patterns. A specific group with a higher 
mean MTR has a closer position to the metafrontier.

10.4  Findings and Discussions

10.4.1  Household Efficiency Measurement  
Using CRS-DEA Model

In this section, efficiency analyses of farm households are presented in terms of the 
following aspects:

Measuring and analyzing the production-efficiency scores of the farm households  –
based on the estimated results of the CRS-DEA models
Comparing the technical-efficiency scores of the farm households between the  –
two selected farming patterns relying upon the calculated results of the MTRs

The average efficiency scores, the number of fully efficient households, and 
efficiency distributions of the farming patterns are depicted in Table 10.1.

10.4.1.1  Household Technical Efficiency Distributions of the Two Selected 
Farming Patterns

For farmers in the MRD, the cultivation of crops is considered to be the main job 
in earning a living. However, the productivity of a crop varies due to differences in 
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Table 10.1 Production efficiency of households and their distributions by farming patterns 
(Source: Measured from the surveyed data using DEAP software)

Parameters

Continuous-rice pattern Crop-rotation pattern

TE AE CE TE AE CE

Non-flooded areas
Efficiency scores

1.00  41  2  2  57  5  5
0.90–0.99  19 19 11  34  9  7
0.80–0.89  26 55 21  39 38 17
0.70–0.79  41 42 20  14 31 31
0.60–0.69  25 33 33  2 37 32
0.50–0.59  5  6 50  0 24 41
0.40–0.49  0  0 17  0  2 12
<0.40  0  0  3  0  0  1
Mean  0.83  0.78  0.65  0.92  0.73  0.67
Min  0.52  0.53  0.36  0.60  0.47  0.34
Max  1.00  1.00  1.00  1.00  1.00  1.00
SD  0.14  0.11  0.16  0.09  0.13  0.15
No. of households 157 146

Flooded areas
Efficiency scores

1.00  30  3  3 44  4  4
0.90–0.99  20 16  7 21 11  7
0.80–0.89  26 48 16 24 30 15
0.70–0.79  20 31 31  6 36 30
0.60–0.69  7  4 28  1 14 33
0.50–0.59  1  3 17  0  1  7
0.40–0.49  1  0  2  0  0  0
<0.40  0  0  1  0  0  0
Mean  0.87  0.82  0.71  0.93  0.79  0.74
Min  0.46  0.55  0.31  0.68  0.53  0.50
Max  1.00  1.00  1.00  1.00  1.00  1.00
SD  0.13  0.09  0.13  0.08  0.10  0.12
No. of households 105 96

Note: SD – standard deviation

production technology, differences in efficiency of the production process, and 
differences in the environment in which production occurs. In this section, I will 
present results that reflect the ability of the farm households to use the best prac-
tices and available technology in the most effective way. This effect is referred to 
as the technical contribution (TE) to its productivity.

In Table 10.1, the average TE score is less than one for both continuous-rice 
and crop-rotation patterns. The estimated TE scores of farmers following the 
continuous-rice pattern range between 0.52 and 1.00, with a mean and standard 
deviation of 0.83 and 0.14, respectively. Similarly, the TE scores of farmers 
employing the crop-rotation pattern vary from 0.60 to 1.00, together with a mean 
of 0.92 and standard deviation of 0.09.



172 Q.M. Nhut

With regard to the TE distributions, for the continuous-rice pattern, about 41 
households are found to be fully technically efficient. The remaining households 
mostly get high scores of TE that range between 0.70 and 0.90, and a few have low TE 
scores (from 0.50 to 0.70). Analogously, most farmers applying the crop-rotation 
pattern attain very good achievements corresponding to a TE score of 1.00 for 57 
households and values between 0.70 and 0.90 for the remainder.

Given such results together with the average MTR for the TE listed in Table 10.2, 
we may conclude that farmers employing the crop-rotation pattern are a little more 
technically efficient than farmers following the continuous-rice pattern. This result is 
consistent with the studies of Latruffe et al. (2000), who found that livestock farmers 
get higher TE scores than crop farmers and Linh (2006), who discovered that diver-
sified farmers are more technically efficient than farmers who mainly cultivate rice.

According to the analyses of the responses from the surveys and local authorities, 
there are some main causes for the difference such as (1) the crop-rotation farmers 
have more ready access to production technology than do the continuous-rice farmers 
(e.g., about 52% of interviewed farmers employing crop rotation and 42% of inter-
viewed farmers growing rice continuously had been trained on appropriate production 
technology); (2) the formal-education levels of the crop-rotation farmers are some-
what better than that of the continuous-rice farmers; and (3) the number of male 
household heads is relatively greater for the crop-rotation farmers. These factors 
have positive effects on the TE of the farm households (refer to the estimated 
results of the Tobit model that are presented in Table 10.5 in the later section).

10.4.1.2  Household Allocative Efficiency Distributions  
of the Two Selected Farming Patterns

This section focuses on discussing the calculation of allocative efficiency (AE) that 
is used to measure how optimal the input resources are that are allocated in the 
production process, with given relative prices and production technology.

As the results in Table 10.1 indicate, the average AE score of the farm households 
is 0.78 and 0.73 corresponding to the continuous-rice and crop-rotation patterns. 
For the continuous-rice pattern, although only two households are fully AE, most of 
the remaining farmers are fairly efficient in making optimal decisions in allocation 
of their input mixes. This is illustrated by the AE scores which concentrate on values 
between 0.60 and 0.90. The results for the crop-rotation farmers are some different. 
Five households among the crop-rotation farmers are found to be allocatively 

Table 10.2 Mean metatechnology ratio of house-
holds by farming patterns (Source: Calculated from 
the surveyed data)

Farming patterns
Non-flooded 
areas

Flooded 
areas

Continuous-rice pattern 0.96 0.91
Crop-rotation pattern 0.98 0.98
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efficient, and the variation of AE scores of other farmers is relatively large with the 
ranges between 0.50 and 0.90.

Allocative inefficiency is likely derived from low levels of education and lack of 
market price information on agricultural products (most farmers just obtain primary 
school levels and get price information from relatives and neighbors). Education is 
also found to be positively statistically significant for the explanation in change of 
AE from the Tobit’s estimation (refer to Table 10.4 in the later section).

10.4.1.3  Household Cost Efficiency Distributions  
of the Two Selected Farming Patterns

Finally, an overall effect of technical and price factors on the production of farm 
households can be determined by calculating a combination of TE and AE. This 
measure indicates the amount of money that farmers can save if they employ tech-
nically and allocatively optimal production technology (i.e., cost minimization).

The CE scores and their distributions for both farming patterns are presented in 
Table 10.1. The variations of CE are quite large, ranging between 0.36 and 1.00 for 
the continuous-rice pattern, and from 0.34 to 1.00 for the crop-rotation pattern. The 
results imply that there are cost inefficiencies in their operations. Particularly,  
the scores of cost inefficiency range from 0.00 to 0.64 and from 0.00 to 0.66 for the 
continuous-rice and crop-rotation farmers, respectively. There is also substantial 
opportunity for farmers in both farming patterns to increase their profits by reduc-
ing the costs related to technical and allocative inefficiency.

With regard to Table 10.1, we see that the average CE scores are 0.65 and 0.67, 
respectively, for the continuous-rice and crop-rotation patterns. This means that if 
the average efficiency household in the sample of continuous-rice farmers is to 
achieve a cost-efficiency level at the highest efficiency of its counterpart, then that 
average household can receive a cost savings of 35% (i.e., 1 − [0.65/1.00]). The 
same calculation for the lowest-efficiency household suggests a gain in cost effi-
ciency of 64% (i.e., 1 − [0.36/1.00]). Similarly, the average household and the most 
inefficient household in the sample of crop-rotation farmers can realize a cost sav-
ings of 33% and 66%, respectively (i.e., 1 − [0.67/1.00] and 1 − [0.34/1.00]).

10.4.2  Identifying the Sources of Production Efficiency  
Using the Tobit Model

In the sections above, the TE, AE, CE, and SE of farm households for both farming 
patterns have been measured and analyzed. These results provide us with significant 
information relating to the ability of farm households to employ the best practices 
and technology, make optimal decisions on the input mix, and minimize the cost of 
production, as well as to increase productivity by moving toward the point of tech-
nically optimal productive scale. However, they do not tell us anything about the 
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causes of these efficiencies. Therefore, this section focuses on the determinants of 
productive efficiency.

10.4.2.1  A Practical Model for Calculation of the Sources  
of Productive Efficiency

In our estimations, ten socioeconomic/environmental variables are included in the 
Tobit regression function. They are age, education, training, female-labor share, 
land area, credit, land ownership, sex, and two district dummy variables (local 1 
and local 2). The model is defined as follows:
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The meaning and the expected sign of the variables are described as follows.

Efficiency denotes the components of productivity such as TE, AE, CE, and SE that 
have been obtained from the DEA models in the previous sections. The efficiency 
scores have values between zero and one.

Age reflects the age of the household head. Unlike old farmers, young farmers are 
active and have reasonable levels of formal education, which may help them in 
understanding and applying new technology and skills of production. They, however, 
likely lack experience and are impatient in their decisions about cultivation, which 
the older farmers are not. For this reason, farmers may get higher efficiency in 
production if they are not too old. Therefore, the expected sign of coefficient for 
this variable is negative.

Education expresses the number of formal years of schooling for the household 
head. The expected sign of this variable is positive because the real effects of low 
and high levels of education on farmers are clear.

Training represents the hours of agricultural advice received by the household head. 
This variable is often used to calculate the effects of training courses provided by 
the agricultural-extension centers. We expect that farmers obtain greater efficiency if 
they have taken part in training courses. The more training hours they have, the higher 
the levels of efficiency. Hence, the expected sign for this variable is positive. It is 
clear that when farmers regularly attend training courses they get more knowledge 
of production technology and apply these in their cultivation activities.

Female-labor share is measured by the ratio of the number of female laborers to the 
total number of laborers in production. This variable is used to capture the differ-
ent effects of male and female labors. In rural areas of the MDR, men often tend 
to undertake fieldwork while women do the housework. Therefore, male farmers 
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probably have more cultivation experience than do female farmers. This leads to 
productive efficiency which may be increased with the increasing use of male farm-
ers. Thus, the expected sign of this variable should be negative.

Land area is the size of land under production. This variable is used to determine the 
influences of differences in operation scales on efficiency. Normally, the larger land 
areas may result in higher productivity.

Credit is a dummy variable whereby a value of one is given if the household has a bank 
loan, and a value of zero otherwise. Basically, efficiency will increase with the use of 
credit. The availability of credit will reduce the constraints on production due to lim-
ited finance, and hence, it may help farmers increase their cultivation efficiency. In 
addition, when farmers get loans they have to pay interest to the banks; this may induce 
them to work harder. Therefore, the expected sign of this variable should be positive.

Ownership of land is designed as a dummy variable with a value of one if at least 
part of the land farmed is based on a tenancy arrangement, and a value of zero 
otherwise. In fact, there are two main reasons for farmers in the MRD to rent land: 
they have no land to culture and/or because they want to expand their scale of 
operation. In both cases, efficiency is likely to be increased because farmers often 
tend to work hard when their cultivation land is rented and they have more oppor-
tunities to use the best practices and available technology in the most effective way 
with larger scales of operation. Thus, the expected sign is positive.

Sex is a dummy variable for gender, which has a value of one if the household head 
is male, and a value of zero otherwise.

The last two factors are related to the district dummy variables, Local 1 and 
Local 2, which are used to explain the impacts of different locations (Cho Moi, Cai 
Lay, and Cau Ke districts) on productive efficiency. For Local 1, a farmer gets a 
value of one if located in Cho Moi, and a value of zero otherwise. For Local 2, a 
farmer gets a value of one if located in Cai Lay, and a value of zero otherwise. The 
productive efficiency can vary due to differences in the natural factors which are 
not included in the model, such as soil fertility and weather.

The model (10.3) runs four times separately in order to identify the determinants 
of TE, AE, CE, and SE of the farm households.

10.4.2.2  Empirical Results

First, the accurate representation of the data for the Tobit regression models must be 
verified. Using a = 0.05 together with 303 observations (N = 303) and 11 variables 
(including the dependent variable, M = 11), the absolute value of the test statistic (z) 
is greater than the critical value t

1−0.025
(303–11) for all of the four models. Therefore, 

the Tobit regression functions are all statistically accepted for identifying the deter-
minants of productive efficiency.

For the sake of simplicity, the analyses will be conducted separately in the 
following sections.
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Determinants of Technical Efficiency

The results of the test show that four variables are found to be statistically significant 
for explanation of changes in TE. They are sex, age, education, and Local 1.

In fact, the positive relationship between TE and sex is quite appropriate. This 
indicates that TE can increase if the production process is implemented and managed 
by male farmers. Normally, male farmers likely reach a higher level of efficiency 
than female farmers for several reasons: (1) male farmers are probably more robust 
and have more farming experience than female farmers, (2) male farmers often 
obtain higher educational levels than female farmers, and (3) in the traditional 
culture characteristic of the MRD, most major decisions are made by male farmers. 
Such characteristics help male farmers improve their ability to use experience, skill, 
knowledge, and available technology in the production process. The estimated 
result is similar to the results reported by Illukpitiya (2005), Linh (2006), Oladeebo 
et al. (2007), and Shehu et al. (2007).

The sign of age parameter is somewhat surprising. The positive sign of its coef-
ficient means that the TE probably tends to increase with an increase in age of the 
farmers. However, the survey data shows that the average age of household heads 
in the non-flooded areas is about 45 years. Farmers of that age can still enjoy rela-
tively good health, and they have experience which they continue to accumulate. 
This data can be used to interpret the positive relationship between TE and age, in 
this case. Some empirical studies have reported similar results. For example, 
Oladeebo et al. (2007) found that age has a positive impact on TE for both men 
and women rice farmers in Nigeria. However, it should also be noted that other 
studies, such as Linh (2006), have come up with different findings.

With regard to the positive impact of education on TE, our result tells us that the 
higher the levels of education achieved by the farmers, the greater the efficiency 
they reached. Obviously, when they obtain higher levels of formal education, they 
will master more basic knowledge, and they can learn new production technologies 
through self-study and/or attending training courses. This estimate is quite consis-
tent with the empirical studies of Illukpitiya (2005), Linh (2006), Oladeebo et al. 
(2007), and Shehu et al. (2007).

Related to the variation of TE due to differences in the natural properties of the 
cultivation areas such as climate and soil quality, the positive sign of the coefficient 
of local 1 implies that farmers in Cho Moi district are more technically efficient 
than farmers in Cau Ke and Cai Lay districts (Table 10.3).

 Determinants of Allocative Efficiency

The estimates of the explanatory variables with respect to coefficients, statistic 
values (z), and p values are presented in Table 10.4.

Making comparisons between the statistic values (values z in Table 10.4) and the 
critical value obtained from the statistical table relating to the Subjects t- distribution 
at 5% significance for the data on 11 variables of 303 observations indicates that 
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four variables appear to have positive effects on the AE of farm households: sex, 
age, education, and the district dummy variable Local 1.

The estimated results show that the AE tends to increase when the production 
process is implemented and managed by males and by more highly educated farmers. 

Table 10.3 The truncated estimates for the sources of technical efficiency of farm households in 
the non-flooded areas

Variables

Technical efficiency

Non-flooded areas Flooded areas

Coef. Z P[ | Z | > z] Coef. Z P[ | Z | > z]

Sex b
1

0.334* 10.413 0.000 0.237* 6.168 0.000
Age b

2
0.008* 13.567 0.000 0.008* 10.436 0.000

Credit b
3

0.034 1.624 0.104 0.053** 1.909 0.056
Land 

ownership
b

4
0.054 1.435 0.151 0.019 0.298 0.766

Education b
5

0.020* 7.147 0.000 0.024* 6.425 0.000
Training b

6
−0.001 −1.062 0.288 0.000 0.356 0.722

Share of female 
labor

b
7

−0.002 −0.564 0.573 0.079 1.104 0.270

Area b
8

−0.012 −0.763 0.445 0.005 0.756 0.450
Local 1 b

9
0.083* 2.848 0.004 0.091* 3.001 0.003

Local 2 b
10

−0.025 −1.036 0.300
Sigma s 0.171 24.617 0.000 0.181 20.050 0.000
Log likelihood 

function
LLF 104.774 58.696

Note: * and ** is significant at 1% and 5%, respectively

Table 10.4 The truncated estimates for the sources of allocative efficiency of farm households in 
the non-flooded areas

Variables

Allocative efficiency

Non-flooded areas Flooded areas

Coef. Z P[ | Z | > z] Coef. Z P[ | Z | > z]

Sex b
1

0.211* 7.622 0.000 0.196* 6.040 0.000
Age b

2
0.008* 15.133 0.000 0.008* 11.651 0.000

Credit b
3

0.019 1.069 0.285 0.065* 2.768 0.006
Land  

ownership
b

4
0.009 0.289 0.773 0.046 0.881 0.378

Education b
5

0.019* 7.796 0.000 0.017* 5.499 0.000
Training b

6
0.000 −0.476 0.634 0.001 0.944 0.345

Share of female 
labor

b
7

−0.003 −1.098 0.272 0.089 1.472 0.141

Area b
8

0.006 0.428 0.669 0.009*** 1.712 0.087
Local 1 b

9
0.118* 4.686 0.000 0.063** 2.469 0.014

Local 2 b
10

0.004 0.207 0.836
Sigma s 0.147 24.617 0.000 0.153 20.050 0.000
Log likelihood 

function
LLF 150.101 92.414

Note: *, ** and *** is significant at 1%, 5%, and 10%, respectively
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Regarding the effects of education, farmers with higher levels of education likely 
have more opportunities to make better decisions in allocating input resources, 
given relative prices and production technology. This may lead to higher AE scores. 
The other reasons are as previously interpreted.

Two other factors that also positively impact the AE are age of household head 
and cultivation location (Local 1). Obviously, it is difficult for farmers living in 
different locations to hire productive resources at the same prices; hence, for farmers 
living in different areas, there is a difference in making proportional combinations 
of resources in the production process. The explanation of the effect of age is simi-
lar to that in the previous discussion.

 Determinants of Cost Efficiency

Table 10.5 shows that the CE of farmers is influenced by the effects of five different 
factors: sex, age, education, and two district dummy variables (Local 1 and Local 2).

Sex, age, and education are found to have positive impacts on the changes in CE of 
farm households. We are not surprised with these estimates because CE is a combi-
nation of TE and AE, so the factors that affect TE and AE probably also affect CE. 
The reason for this can be explained in the same way as in the cases of TE and AE.

Regarding the district dummy variables, the positive effect on CE belongs to 
Local 1 and vice versa for Local 2. The estimated coefficients indicate that farmers 
in Cho Moi are more effective with respect to cost minimization than are farmers 
in Cau Ke. The lowest CE is found with farmers in the Cai Lay district.

Table 10.5 The truncated estimates for the sources of cost efficiency of farm households in the 
non-flooded areas

Variables

Cost efficiency

Non-flooded areas Flooded areas

Coef. Z P[ | Z | > z] Coef. Z P[ | Z | > z]

Sex b
1

0.234* 8.375 0.000 0.199* 5.652 0.000
Age b

2
0.006* 11.471 0.000 0.006* 8.894 0.000

Credit b
3

0.024 1.309 0.191 0.049** 1.921 0.055
Land ownership b

4
0.011 0.348 0.728 0.042 0.728 0.467

Education b
5

0.016* 6.553 0.000 0.018* 5.305 0.000
Training b

6
0.000 −0.564 0.573 0.001 0.879 0.379

Share of female  
labor

b
7

−0.001 −0.243 0.808 0.016 0.242 0.809

Area b
8

−0.008 −0.593 0.553 0.007 1.231 0.218
Local 1 b

9
0.153* 6 002 0.000 0.079* 2.869 0.004

Local 2 b
10

−0.044** −2.082 0.037
Sigma s 0.149 24.617 0.000 0.165 20.050 0.000

Log likelihood 
function

LLF 146.681 76.750

Note: * and ** is significant at 1% and 5%, respectively
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10.5  Conclusions

This study focuses on estimating productive efficiency with respect to TE, AE, and 
CE, as well as on the causes for these efficiencies for farm households that were 
following either the continuous-rice pattern or employing the crop-rotation pattern 
in the non-flooded and flooded areas of the MRD in Vietnam.

Turning first to the efficiency of farm households, in both non-flooded and 
flooded areas, crop-rotation farmers are likely more efficient than continuous-rice 
farmers in terms of TE, according to the mean MTRs. This is consistent with the 
computed results of similar studies conducted by Latruffe et al. (2000), who found 
that livestock farmers get higher TE scores than crop farmers, and Linh (2006), who 
found that diversified farmers are more technically efficient than farmers who grow 
mainly rice. Regarding other components of productivity such as AE and CE, 
farmers employing both patterns mostly attain high efficiency in comparison with 
the best farmers of one farming pattern.

With regard to the factors influencing efficiencies, in the case of non-flooded 
areas, the estimated results show that although there are some differences in deter-
minants of each component of total productivity; sex, age, and education are found 
to be the main factors that can bring about changes in all components (TE, AE, and 
CE). Similarly, in the case of flooded areas, all components of total productivity are 
impacted by sex, age, credit, and education.
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Abstract The Vietnamese Mekong Delta (VMD) is a region increasingly affected 
by flooding. In 1996, the Vietnamese government launched an ambitious Living With 
the Flood (LWF) program. The objective of the program was to build dwelling 
houses for residents relocated from the VMD’s flood areas. The program has built 
more than 1,000 resettlement clusters (RCs) for the 200,000 households and 1 million 
people previously living in the now permanently flooded areas. Total investment 
capital has been about US $200 million. While the LWF policy is accepted and  
popular within the VMD, there are many reasons that make the resettlement program 
both successful and unsuccessful. Identifying the factors influencing the effective-
ness of the program will help local authorities to develop appropriate measures to 
improve the resettlement program. The rationale of this study was to review and 
conduct a qualitative analysis of the effectiveness of the resettlement program. 
The policy recommendation drawn from the study is that to effectively cope with 
yearly floods in the long run, people need to adjust their habits and their social 
and  economic activities, towards living with floods and gaining benefit from them, 
rather than preventing them. At the national level, economic development strategies 
and planning in the VMD need to be consistent with the LWF policy. At the local 
level, authorities need to persuade and assist people to better adapt to flooding.
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Abbreviations

VMD Vietnamese Mekong Delta
VND Vietnam Dong
LWF Living With the Flood
RC Resettlement Cluster
RP Resettlement Path
SLR Sea Level Rise
IDI In-Depth Interview
FGD Focus Group Discussion
MRC Mekong River Commission
VRSAP Vietnam River Systems and Plains

11.1  Introduction

The Vietnamese Mekong Delta (VMD) has a natural area of 4 million hectares, and 
the population of 18.2 million people accounts for 21% of the total population of 
Vietnam. The VMD is a low-lying delta, and sea level rise (SLR), one of the 
calamities of global climate change, creates a serious threat to the population of the 
area. Reiner et al. (2004) used a hydraulic model under two SLR scenarios of 20 
and 45 cm to compute water levels during the flooding season. The results showed 
that the average increase in water level in the VMD under these scenarios would be 
14.1 to 32.2 cm, respectively. These results suggest that between 0.6 million and 
2.3 million of the 4 million hectares of the Delta are vulnerable to flooding due to 
SLR. Ninh and Hong (1993) summarized the impacts of SLR in Vietnam. First, SLR 
would result in the loss of land, especially fertile agricultural lands in low-lying 
areas such as the VMD. SLR would have significant consequences for the livelihoods 
and socio-economic development of people living in the VMD. Regions previously 
not permanently inundated by sea water would become unsuitable for agricultural 
production. Second, salinization would increase. In particular, irrigated rice paddies 
would be affected by the increased intrusion of saline water. Third, vulnerability to 
flooding would increase, and people living in the VMD’s increased-flooding areas 
would have to be relocated.

Half of the area of the VMD is inundated during the flood season. More than  
2 million households with 11 million people are affected by flooding in the flooded 
area, for 3–4 months each year. Of the 800,000 or so houses flooded annually, more 
than 200,000 are inundated by 2 m or more. The flooded area in the VMD is 
approxi mately 1,828,000 ha and is home to more than 50% of the population in 
the region. The flooded area is the low-lying region, with more than 61% of the 
flooded areas less than 1 m above sea-water level. The flood period starts in July and 
ends in December. The inundation level is from 0.5 to 4.0 m. In economic terms, 
the flooded area today constitutes 67% of the VMD’s GDP, 75% of the total value 
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of agricultural-fishery-forestry production, 79% of the total value of industrial 
production, 80% of the total value of services, 80% of the total value of rice exports, 
and more than 50% of the total value of Vietnam’s agricultural exports. Although 
flooding causes deaths and disruption, as well as serious damage to houses, schools, 
hospitals, and infrastructure, flooding also has benefits such as alluvial deposition, 
fishery and water-environment improvement, and flushing of acid soils in rice fields.

Over the past 100 years, people in the VMD have learned to live with flooding 
and to adapt in order to avoid damage and gain benefits from floods. Currently, the 
Living With the Flood (LWF) concept is institutionalized as the LWF policy. 
According to the LWF policy, the VMD’s socio-economic development strategy will 
be interdependent with the flood-control masterplan. There are two flood-related 
programs implemented in the flooded areas: a dyke program and a resettlement 
program. Program selection depends on the level of inundation of the flooded area 
in question. Flooded areas in the VMD are divided into two parts: a deep inundated 
area and a shallow inundated area with flooding below the 1-m inundation level. 
The LWF measure recommended depends on the nature of each individual flooded 
area but also takes into account the time frame for either short-term or long-term 
solutions. In the long term, the main solution for the shallowly flooded areas is to 
maintain normal agricultural production and socio-economic activities via a network 
of small dykes which can be opened to allow some flooding, but also provides 
protection from floodwaters throughout the year. Shallow flooding enables three 
rice crops to be grown each year. In the shallow flooding area, the dyke system 
specifications are 2.5 m top × 4.5 m bottom × 2.0 m height. In the deeply flooded 
area, the main policy measure is a large dyke system built to prevent damage from 
floodwaters coming from the direction of the Cambodia border into the Dong Thap 
Muoi region and the Long Xuyen Quadrangle, and to speed the flow of flood waters 
into the West Sea. A strategy of periodic flood control is recommended, the intent 
of which is to slow the flood and maintain the shallow inundation level at the 
beginning of flooding to enable harvesting of the Summer–Autumn rice crop, while 
speeding up flood flows at the end of the flood period to enable on-time harvesting 
of the Winter–Spring rice crop. It should be noted, however, that in the deeply 
flooded area, the Autumn–Winter rice crop is lost.

In addition, the program involves the building of resettlement clusters (RCs) to 
allow permanent resettlement of people living in the deeply flooded areas. Since 
1996 the government has launched an ambitious livelihood program. The objective 
of the program is to relocate households from the flooded areas. The elevation of 
the resettlement housing is a minimum of 0.5- m higher than the record flood level 
in year 2000. In the resettlement clusters, infrastructure such as dykes and roads and 
public buildings such as schools, markets, clinics, etc. are built. In the deeply flooded 
areas, a combination of canal construction and resettlement with the large dyke 
system or houses on stilts is recommended. The average size of each resettlement 
is 300 ha. Each commune in the flooded areas will have at least two resettlements. 
In the period 2001–2005, there were 1,043 resettlements for 200,000 households 
with 1 million people.
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The rationale of this study is to review and qualitatively analyze the effectiveness 
of the resettlement program. Based on the results of the study, recommendations for 
the policy will be made and research gaps identified. The main objective is to 
evaluate the effectiveness of the resettlement program under the LWF policy in the 
VMD. The specific objectives are:

 1.  To review the LWF policy and the resettlement program,
 2.  To evaluate the impacts and constraints of the resettlement program,
 3.  To recommend actions.

11.2  Methodology

11.2.1  Research Design

The study used both qualitative and quantitative methods. Qualitative data were 
collected through in-depth interviews (IDI) and focus group discussions (FGD). 
The IDI survey was designed to collect subjective evaluations on the resettlement 
program’s performance from local people living in the VMD. The IDI variables 
were: periodic progress of the program, management and monitoring, pros and 
cons, and self-evaluation. To facilitate the collection of relevant information, the 
IDI questionnaire was first sent to the commune authority and then discussed in a 
meeting with representatives of the commune authority. For FGD surveys, respon-
dents were grouped into (1) those who currently live in the RCs and resettlement 
paths (RPs) and (2) those who live outside the RCs and the RPs. The FGD respon-
dents were selected through nomination by the commune authority. For those who 
were living in the RCs, the selection criterion was that they had lived in the flooded 
and eroded areas before being resettled by the resettlement program. For those who 
were living in the RPs, the selection criterion was that they had been resettled in the 
RPs for at least 1 year. For those who were living outside the RCs and RPs, the 
selection criterion was that their houses were located near the RP and next to an 
eroded river bank. The FGD variables included ex-post income generation, reasons 
for living inside or outside of the RCs, pros and cons, opinions about the program, 
satisfaction, and recommendations. There were three FGD surveys: one for 15 
people living in the RC of Long Hiep village, one for 12 people living in the RP 
of Long Hoa village, and another one for 18 people living in Tan Hau B2 village 
outside the RCs.

For the quantitative data, there were three household surveys: one for 20 people 
living in the eroded area, one for 20 people living in the RC, and another for 20 
people living in the RPs. Variables collected in the first household survey for people 
living outside the RCs included their opinion about the impact of flooding on their 
lives, their adaptation to flooding, and their perception about the floods. Variables 
collected in the household surveys for people living in the RCs and RPs included 
changes in income, living conditions, and job opportunities.
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11.2.2  Description of Study Site

The study was conducted in the Tan Chau district of An Giang province. An Giang 
province is located at the upstream limit of the VMD flooded area. The area of 
the province is 3,424 km2, and its population is more than 2.1 million. Every year 
in June or early July, flooding from the Tien and Hau rivers inundates the An Giang 
region, with the water level at Tan Chau station reaching 3.0 m. Peak flooding 
generally occurs from the end of September to mid-October. According to obser-
vations dating from 1911, on average, there is a serious flood every 7 years. A flood 
is considered serious when the water level at Tan Chau station exceeds 4.6 m.  
In the 1990s serious floods in An Giang province occurred in 1991, 1994, 1995, 
and 1996. The dreadful flood in 2000, especially, had a record water level of 5.06 m 
(compared to the 1961 flood at 5.12 m) and is considered a “century” fatal flood 
with uncountable damages.

Tan Chau district is 15,994 ha in area, with a population of more than 150,000 
people. Figure 11.1 represents the position of Tan Chau district in the administra-
tive map of An Giang province. The eastern border of the district is the Tien River 

Fig. 11.1 Administrative map of An Giang province, with the study location indicated
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of Dong Thap province. The western side shares a border with the An Phu district of 
An Giang. The southern side is next to the Phu Tan district of An Giang province. 
The northern border is with Cambodia. Tan Chau district is one of the most deeply 
inundated areas of An Giang province with an average inundation level of 2 m in 
the flood season. It is one of the two most seriously inundated areas in the VMD1. 
The selection of a study site located in the most flooded area helped us to better 
capture flood-related problems. As of July 2007, Tan Chau district accounted for 
5,022 households out of the total of 6,250 “targeted” households moving to the 
RCs. Eleven communes of Tan Chau district had RCs or the RPs.

Whether people were moved to an RC or a RP depended on where they lived 
before relocation and the vulnerability of their households to flooding. Those who 
lived on the isolated island at the river mouth were seriously affected during the 
flood season. These were prioritized in the resettlement program and were asked to 
move to the RCs for reasons of safety. While many households faced the dangers 
of erosion and flooding, only the households at greatest risk were selected initially. 
However, many households were still at risk. When the government launched the 
LWF policy and resettlement program, an inter-commune road was raised as a river 
dyke to prevent flooding. Following this, RPs were built along the road, and people 
built their houses on land inside the RPs. Only a small proportion of resettlers were 
newcomers who lived in the eroded areas near the RPs. These people were selected 
by the local authority based on the vote of the community.

11.3  An Overview of the Living with Flood Policy  
and Resettlement Program

11.3.1  Flood Situation in the Mekong Delta

11.3.1.1  Nature of Flooding

Flooding is an annual natural phenomenon in the VMD. It starts upstream in the 
Mekong River, with waters rising due to heavy rains from typhoons and the Southwest 
monsoon. Flooding occurs when water in the Mekong River inundates Savannakhet 
and Pakse at southern Laos and Kratie at eastern Cambodia. The flood season lasts 
from June to October, and accounts for some 90% of the total annual flow in the 
river. Water levels in the Tien and Hau rivers (major tributaries of the Mekong River) 
start to rise at the end of June or early July. The peak of the annual flood is recorded 
at the end of September or early October. The flood season is usually over by the 
end of December or January. The flood in the VMD is called “lu lut.” The “lu” 
implies that water is rising; the “lut” refers to the period of inundation.

1 Another inundated area is Hong Ngu district of Dong Thap province.
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According to Quang (2000), besides typhoons and the Southwest monsoon, 
there are four causes of flooding in the VMD, namely, hydroelectric dams upstream 
in China, population migration into the flooded areas, deforestation, and the 
network of irrigation dams. It is said that the dams in China affect only 2% of total 
water flow of the Mekong River; however, environmental and ecological impacts 
for the downstream region are still possible. Migration into the “Plain of Reeds” in 
the past and a change in farming practices have made the flooding more serious 
and longer. The reason for this is that the new residents created high-density canal 
systems in order to desalt the land for rice planting. Deforestation also contributes 
to increased flood frequency and severity.

To assist with flood management, a flood warning system in the VMD was built 
by the Mekong River Commission (MRC). According to the MRC standard, the 
“floating” season or non-flood situation occurs when the peak water level at Chau 
Doc station of Dong Thap province is between 3.8 and 4.2 m. Flooding occurs 
when the peak water level at Chau Doc station is higher than 4.2 m; when the 
water level at Chau Doc station is lower than 3.8 m, the region is said to be in 
drought. At Tan Chau station of An Giang province, the non-flood situation occurs 
when the peak water level is between 3.5 and 4.5 m. When the water level is above 
4.5 m, it is considered a serious flood. Above 5 m, it is considered a dreadful flood. 
The floods in 1961 and 2000 both exceeded this level and caused serious damage 
in the region. Table 11.1 represents the flood warning system in the VMD. When 
flooding starts upstream in the Mekong River, the water in the main rivers rises. 
Once the water level at Tan Chau is between 2.8 and 3.0 m, water begins to inun-
date the Plain of Reeds and the Long Xuyen quadrangle (flood warning at the 
alarm level No. 1). When the water level at Tan Chau exceeds 3.0 m (flood warn-
ing at the alarm level No. 2), flood waters inundate the Plain of Reeds, the Long 
Xuyen triangle, and areas between the Tien and Hau rivers. If the water level 
exceeds 4.2 m, serious flooding is experienced that year (flood warning at alarm 
level No. 3).

An important consequence of flooding in the VMD is the presence and seasonal 
variation of the Great Lake in Cambodia. The Great Lake plays a role as a reservoir 
in regulating water volume in the flood season. At the beginning of the flood season, 
80–90% of the water volume of the Mekong River discharges into the Mekong 
Delta, with the remaining 10–20% of the water discharging into the Great Lake. In 
October as the water level in the Mekong River falls, water from the Great Lake 
continues to discharge into the Mekong River’s network – often until May of the 
following year. As a result, water levels rise slowly, on average, 3–5 cm/day. 
Therefore, the flood in the VMD is referred to as a “peaceful” flood.

Class Tan Chau station (m) Chau Doc station (m)

1 3.0 2.5
2 3.6 3.0
3 4.2 (alarm level) 3.5 (alarm level)

Source: Mekong River Commission 2003

Table 11.1 System of alarm 
levels for flooding in the 
Vietnamese Mekong Delta
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11.3.1.2  Damages of the Flood

In the last 50 years, on average, there is a flood every 2 years (i.e., the water level 
at Tan Chau station is above the third-class alarm level of 4.20 m). However, at 
times, flooding may occur 3 or 4 years in succession as in the periods 1937–1940, 
1946–1949, 1994–1996, and 2000–2002. Observations since 1941 indicate that the 
1961 flood was the biggest flood ever recorded in the VMD, with the water level at 
Tan Chau station at 5.12 m. However, the “century” flood in 2000, when the water 
level at Tan Chau station was 5.06 m, had a record-flooded area, inundation time, 
and water volume. Its economic losses were estimated to be US $500 million.

Flooding has significant consequences in the VMD. The inundation extends 
over several months, changing the economic activities and livelihoods of people in 
the flooded area. Infrastructure such as roads, small dykes, and canals are under 
water for several weeks. Flooding also causes damage due to erosion and landslides. 
In particular, casualties may affect people living in flooded areas. Ngoc (2003) 
applied the VRSAP model2 to estimate the economic losses due to flooding in the 
VMD. The model used 1996 and 2000 data as the base cases. It predicts the flooding 
situation associated with different return periods. Flood records from 1935 to 2000 
were used to analyze flood frequency and to estimate the peak discharges for 
different return periods. This information was used to evaluate flood damage. 
Table 11.2 presents estimated economic losses for the different kinds of damage.

11.3.2  Description of the Living with the Flood Policy

11.3.2.1  History of Coping with the Flood

The modern history of coping with flooding in the VMD can be divided into four 
periods. Prior to the nineteenth century, the pioneers of the new land chose to 
adapt naturally to the flood situation. At that time population density was 10–20 

Table 11.2 Estimated economic losses for the different damages (Unit: million $US) (Source:  
Ngoc 2003)

Probability of 
design flood (%) Residential Commercial Agriculture Infrastructure Total damages

50  24     0 272 388    684
20 218 48,202 299 538 49,257
10 232 52,830 322 613 53,995
5 243 54,262 341 678 55,522
2 260 61,450 353 749 62,810
1 280 75,235 403 795 76,712
0.2 295 76,072 413 939 77,719
0.1 305 80,610 432 975 82,321

2 VRSAP stands for The Vietnam River Systems and Plains.
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persons/square kilometer. The majority of residents lived along the rivers or chose 
places that were not inundated. In inundated areas, people built houses on stilts. 
During this time, there was no irrigation infrastructure to manage flood waters.

In the period from the nineteenth century to the early twentieth century, as the 
population density reached 100 persons/square kilometer, resettlers created a new 
network of canals to exploit new land and partially adapt to the flood. Thoai Ha 
canal in the Long Xuyen quadrangle, 51- m wide and 31- km long, was built in 
1818. Concurrently, in 1819 the Vinh Te canal (38.4 m by 98.3 km) was built to 
connect An Giang with Kien Giang.

In the period from 1950 to 1999, the VMD was exploited for the purpose of 
agricultural development. A network of irrigation and dykes to prevent flooding 
was established for the area, which then supported a population density of 
415 persons/km2. The total length of the dyke system was about 12,000 km. This 
system was designed to protect 1,200 residential clusters across 1.3 million hect-
ares. In addition, a huge project was inaugurated to speed up the discharge of flood 
waters into the West Sea.

Since 2000, the concept of the LWF has become accepted with the realization 
that, besides damage, the flood also provides benefits to the people in the flooded 
area. By actively coping with the flood, people can mitigate the damages and gain 
more benefits. According to this concept, the socio-economic development of 
the VMD needs to be linked to the strategy of “controlling” the flood. The main 
objectives of controlling flooding in the VMD are to mitigate damages and to live 
with the flood. Preparing for adaptation to the inundation situation and minimizing 
changes to current flood flows are other objectives of this strategy.

11.3.2.2  Introduction of the Living with Flood Policy

Following the fatal flooding in 1978, a strategy of coping with flooding was set 
up. Through an ambitious program called “bring the flood to the west sea,” a 
new canal system was created in the hope of controlling flooding. However, the 
flood situation in subsequent years indicated that serious floods in 1996, 2001, and 
2002 could be partly due to the negative effects of this program. It is argued that 
this program is probably a main cause of other fatal floods in later years. As a 
result, there was a policy change toward mitigating the negative impacts of flooding 
rather than controlling the flood. This is popularly now called the LWF policy. 
Under the LWF policy, an adaptation strategy and response methods to cope 
with flooding were implemented. The Prime Minister’s No. 99 Decision, dated 
September 2, 1996, is considered a keystone of the LWF. Furthermore, the Prime 
Minister’s No. 173 Decision, dated November 6, 2001, stated that in order for 
growth in the VMD to take place, the populace needs to take advantage of the 
benefits and potential of the water resources of the Mekong River, as well as 
strengthen the capacity to cope with flooding. In addition, a permanent resettlement 
policy was designed to ensure that residents in the flooded area would not migrate 
during the flood time.
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11.3.3  Introduction of Resettlement Program

Among the measures of the LWF policy, a resettlement program is considered one 
suitable solution. A resettlement, an RC or an RP, is usually built within a perma-
nently flooded area. Socially, the main objective of the program is to normalize the 
living conditions for the people in the flooded areas. As a requirement, the base of 
a RC must be higher than 0.5–1.0 m above the 2000 flood level. The construction of 
the resettlement area typically includes public infrastructure such as a marketplace, 
school, clinic, communication system, and road, along with facilities for electricity, 
supplying water, etc. The RC may be designed along the river, canal, or road on the 
condition that it is not affected by flooding. However, in reality, building the RC is 
usually linked with dyke-system development. In the permanently-flooded areas it is 
required that there be at least two residential clusters built in a commune. Households 
dispersed across the flooded areas are able to get preferential treatment in accessing 
loans to raise the base of an existing house or to build a house on stilts.

Since 1996 the government has promulgated various policies related to building 
and developing the RCs in the VMD. The 105 Decision of the Prime Minister, dated 
September 2, 2002, stated that the program’s beneficiaries are to be households in 
the flooded areas. Such households are able to get preferential loans for buying 
houses in the RCs. The preferential arrangements include a maximum zero-interest 
loan of 10,000,000 VND for buying a piece of land in an RC and a maximum 
annual 3%-interest loan of 7,000,000 VND for buying a house on that piece of land. 
The duration of preferential loans is 10–15 years. Those who benefit from the 
program are committed not to sell or mortgage the assets of land and house for a 
period of 10 years. Regarding the standard of house building in the RCs, the 2004 
78 Decision of the Prime Minister required that houses be not less than 32 m2 in area. 
For infrastructure construction within the RCs, the 04 Decree of the Ministry of 
Construction required a system of roads, communication facilities, electricity supply, 
water supply, and waste discharge to be completed. Internal roads enable connection 
with the road systems of the district and province. These roads are limited to 7 m 
in width, while main roads in the RCs are not to be larger than 5.5 m in width.

11.3.4  Results of the Resettlement Program’s Implementation

Although establishing the settlement program is the right way to adapt to the 
permanent flood situation in the VMD, the program is not always viewed positively 
by people living in the affected areas. The success of the resettlement program 
depends on the development of infrastructure. Many RCs have no clean water supply 
or waste discharge system. In some cases, there is not even electricity or roads.3 

3 It is called the “four nos” situation, i.e., no electricity, no road, no clean water supply, and no 
waste discharge system.
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The development of public facilities such as schools, kindergartens, clinics, post 
offices, and marketplaces has not progressed as expected. Another concern is the 
quality of infrastructure built. To meet the time frame of the program, a huge number 
of works had to be built very quickly. As a result, it is not surprising that the quality of 
many structures built is inadequate. In addition, living conditions in the RCs often 
act as a deterrent. The majority of resettlers are poor4, with very little or no land. 
Before coming to the RCs, they had employment. Living in the resettlement cluster 
causes difficulties in getting on-farm employment. Tien (2004) learnt that 45% of 
respondents indicated that they received less income and had greater expenditures 
compared to a prior year when they lived outside the RCs. For the poor, a traditional 
farming model of garden-pond-cage – that is, a farming system combining fruit, 
aquaculture, and livestock – is commonly considered a way to generate extra income. 
Living inside the RCs prevents people from implementing this farming model.

Regarding living conditions in the RCs, Xe and Dang (2006) conducted a survey 
in selected households in the VMD. The purpose of the survey was to evaluate the 
socio-economic impacts of the resettlement program in An Giang province and Can 
Tho city. A field survey was implemented for 281 “inside” households (insider) and 
81 “outside” households (outsider). Insiders were selected from 28 RCs in two 
provinces. The number of RCs accounted for 30% of the total number of RCs in the 
study site. The results are summarized below:

Change in land use. After living in the RCs, the number of households that owned 
land decreased, and the agricultural land area per household also declined because 
the resettlers generally sold a piece of land when they relocated. The reasons for 
selling land were financial difficulties (68%), job changes (33%), production capital 
deficiencies (11%), labor deficiencies (9%), and other reasons (13%).

Decrease in animal-husbandry activity. Animal-husbandry activity is commonly 
a main income source, besides rice production, of VMD farmers. Before moving 
to the RCs, more than 50% of households were involved in animal-husbandry 
activities. Because of regulations of the RCs, these activities are banned. However, 
a few households were observed to continue illegally.

Change in structure of employment. The resettlement program caused changes in 
the structure of employment, with employment decreasing in the agricultural sector 
relative to the non-agricultural sector. After coming to the RCs, the number of people 
getting jobs in non-agricultural activities increased by 5.8% but decreased by 12% 
in non-agricultural activities. Moreover, the unemployment rate increased to 5.6%.

Change in sources of income. The income per household was mostly unchanged in 
the before-and-after analysis framework. However, the structure of income sources 
changed. Off-farm incomes increased significantly while on-farm incomes, including 
employment activities, decreased. More specifically, income derived from the agri-
cultural sector decreased from 5.5 VND million to 3.7 VND million per household, 

4 Tien et al. (2004) indicated that 64.4% of resettlers are poor.
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and income from agricultural-employment activities dropped from 7.4 VND million 
to 5.6 million per household. Meanwhile, income derived from non-agricultural 
activities increased from 3.0 VND million to 7.1 VND million per household, and 
income derived from wage-earning activities increased from 4.7 VND million to 
6.2 million per household.

Improvement in social conditions. Resettling in the RCs afforded people greater 
access to public services. In particular, the proportion of the population going  
to school increased quickly at all educational levels. Rates of children going to 
kindergarten and primary school increased from 46% to 96% and 67% to 94%, 
respectively. In addition, after moving to the RCs, the percentages of households 
using metered electricity and having access to a clean water supply increased from 
26% to 84.7% and 12% to 68%, respectively. Other public services such as medical 
treatment and market activities were also improved.

Income comparison of Insiders and Outsiders. According to this survey, there 
were differences in incomes between the insider and the outsider groups. Generally, 
the average income per household was 0.8 VND million lower inside the RCs than 
outside. Income from cropping, husbandry, and on-farm employment decreased by 
1.7 VND million, 0.9 VND million, and 2 VND million. Meanwhile, incomes from 
off-farm employment and services increased by 1.3 VND million and 3.9 VND 
million, respectively.

11.4  Findings and Discussion

11.4.1  The Resettlement Program at the Study Site

There are three types of stakeholders involved in the resettlement program: the 
pro vincial authority, the district authority, and the commune’s people’s committee. 
The role of the provincial authority is to direct the district authorities to implement poli-
cies such as planning the RCs and selecting the target groups for the RCs. The province 
is also the authority that directly receives the funding from the central government. 
The district authority is responsible for designing the RCs, selecting the place for the 
RCs, and determining the size of the RCs. The district authority is also responsible for 
managing the investment capital allocated for building the RCs. The commune’s 
people’s committee takes part in the monitoring and the allocation of the residents’ 
plots in the RCs. Once the RC is completed, a new administrative unit is established 
and managed under the commune authority. Table 11.3 presents the result of the 
resettlement program in Tan Chau district. There were a total of 34 RCs built in 
inundated areas in the Tan Chau district. Most of the communes had 3–4 RCs. The 
majority of resettlers belonged to the four categories above. At the end of July 2007, 
80% of the 6,250 targeted households had moved to live in the RCs. Eighty-five 
percent of these (5,236 households) paid the subsidized price of 7–10 VND million. 
The rest, which did not meet the criteria for the “4 Nos” groups, had to pay the higher 
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market price of 30–50 VND million. The reason they had to pay the higher market 
price was to enable the government to get more funds to cover the cost of infrastruc-
ture, which was usually higher than the initial investment capital requirements.

Table 11.4 presents the result of the resettlement program at the commune level. 
There were two RCs and two RPs at Long An commune. There were 1,404 house-
holds, among the total of 3,202 households affected by flooding, that needed to be 
relocated. Up to the end of November 2007, there were 480 households already 
relocated in the RCs. About 70% of these had paid the subsidized price. It was 
predicted that, in the period 2008–2015, Long An would need to build 6 new RCs 
to relocate an additional 924 households. Among these, there were 224 households 
living in areas vulnerable to erosion and landslides along the Kinh Sang River, and 
196 households living in areas vulnerable to flooding.

11.4.2  Program Manager’s Evaluation

The management board of the resettlement program was an agent of the Tan Chau 
district’s people’s committee. It was a proxy of the provincial authority set up to 
manage and monitor the program and was responsible for technical and financial 
issues related to the resettlement program. Commune’s people’s committees helped 
the management board to select the place for constructing the RCs and persuaded 
and selected the target households to relocate to the RCs. In this survey, Long An 
commune was selected to represent the situation of the resettlement program in 
the Tan Chau district. According to the IDI survey, when the program started 
there were few people selected to live in the new place as, for some reason, people 
were unwilling to move. At that time, the construction of houses and infrastructure 

Table 11.3 Status-quo of resettlement clusters at Tan Chau district of An Giang province

Commune/ 
Town

Number of 
resettlement  
clusters

Number  
of houses

In which

Number of 
households Proportion (%)

Subsidized 
price

Market 
price

(1) (2) (3) = (4) + (5) (4) (5) (6) (7) = (6)/(3)

Tan Chau  1    329    280 49 269 81.8
Long Phu  4    530    402 128 398 75.1
Phu Vinh  2    262    178 84 169 64.5
Le Chanh  3    611    456 155 432 70.7
Chau Phong  5    847    793 54 684 80.8
Long An  4    596    480 116 456 76.5
Tan An  3    865    749 116 731 84.5
Tan Thanh  3    622    482 140 480 77.2
Vinh Hoa  4    883    816 67 805 91.2
Vinh Xuong  3    512    412 100 410 80.1
Phu Loc  2    188    188 0 188 100.0
Total 34 6,250 5,236 1,014 5,022 80.4

Source: Tan Chau district’s report on the resettlement program, 31 July 2007
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inside the RCs was incomplete, and there was little advantage in moving. Second, 
living conditions and income-earning ability were not improved by relocating to the 
new place. Living in one place and going to another place to get work caused diffi-
culties for the resettlers. As a result, many of the poor did not want to join the RCs 
in the first phase of the program. Finally, living in a new place would mean a signifi-
cant change in living habits, and this was not easily accepted by many people.

However, after the construction of houses and infrastructure in the RCs was 
mostly completed, the situation changed, and many people agreed to participate in the 
program. Currently, the Long An commune has relocated 480 households affected by 
flooding. In the period from 2008 to 2015, it will establish 6 new RCs and paths to 
relocate more than 900 target households of people still living in areas vulnerable to 
flooding and landslides. Seventy percent of the houses built will be set aside for those 
target households that are comprised mostly of the poor. Thirty percent of the houses 
left will be sold at market prices to the general public. Currently, most of the reset-
tlers do not have agricultural land. Before living in the RCs, they were very poor. 
After relocating, their incomes and employments have not improved. However, the 
local authority is not responsible for generating off-farm employment in the RCs.

The infrastructure of the RCs, including the intra-commune road, electricity 
system, clean water-supply network, and waste-discharge system, was not completely 
designed. Generally, infrastructure in the RPs was better than that of the RCs. In the 
RCs of Long Hiep and Long Thạnh villages, the waste-discharge system was poor 
and needed to be improved; the in-house toilet systems did not work, and this was 
considered to be the most serious current problem in the RCs. At the moment, 
households can get a loan to make their own in-house toilet instead of using a badly 
designed in-house toilet system built by contractors. Table 11.5 summarizes the 
managers’ evaluation of the RP.

11.4.3  Resettlers’ Evaluation

To enable evaluation of the insiders’ views about the resettlement program, two FGD 
surveys were done, one for those living in the RCs and the other for those living in 
the RPs. Variables included income-generating activities, reasons causing people to 
move into the resettlement cluster, evaluation of the advantages and disadvantages of 
living in the resettlement cluster, evaluation of the state of the resettlement cluster, 
people’s satisfaction, and recommendations for the resettlement program.

The FGD result showed that before resettling in the RCs, people earned income 
from different sources such as on-farm and off-farm employment activities and 
fish-catching activities. There was no change in income sources and employment 
once they relocated in the RCs. However, because of the long distance between the 
old place and the new place (i.e., the RCs), some had not retained their agricul-
tural land. This made their current livelihoods more difficult than before. The reasons 
for deciding to relocate to the RCs were the danger of flooding and landslides. 
The resettlement program gave them a chance to live better lives. They were supported 
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by the provision of a loan to buy a piece of land inside the RCs. Households relocating 
can access a zero-interest loan of 7,000,000 –10,000,000 VND with the preferential 
6-year time frame.

There were some advantages to living in the resettlement cluster. First, living 
conditions were better. People no longer had to move away when the flood arrived. 
Those that had to find jobs in other places felt that their children and old people were 
safer. Second, the quality of life was improved. Water and electricity were supplied, 
healthcare services were accessed easily, a road network was available, going to 
school was possible, and things in general were more convenient. All of these con-
siderations were examples of improvements in the quality of life associated with 
living in the RCs. All respondents were very satisfied with living conditions in the 
resettlement cluster. However, there were still some disadvantages that made them 
disappointed. First, the distance to jobs was greater than before. It took more time 
getting to work outside the RCs. Second, for the poor, incomes had not increased 
and, in some cases, had even decreased due to extra expenditures for water and 
electricity bills which they did not have to pay before. These changes placed 
burdens on family budgets.

Besides the positive feedback, there were a lot of problems that needed to be 
resolved. First, the quality of house construction in the RCs was very poor. In-house 

Table 11.5 Managers’ evaluation of the resettlement program

Evaluation Description

General evaluation •  Management board was a representative of the Tan Chau District’s 
People’s Committee in managing and monitoring the RP

•  Commune’s People’s Committee had responsibility in selecting 
the target households based on the provincial authority’s 
regulations

• Most of the target people were poor
•  Majority of the resettlers had no stable job. Main income sources 

were from on-farm tenant activities
•  Since relocating to the RCs and paths, livelihood of the resettlers 

was not considerably improved
•  There still were many households (affected seriously by 

flooding) that need to be moved to the RCs

Reasons that people  
did not prefer to take 
part in the program 
prior to 2005

• The poor’s financial ability was limited
   House construction and infrastructure were not completed  

and had poor quality
• Job seeking was not easy
•  People did not want to change customs and living conditions in 

the new place

Reasons that people 
preferred to take  
part in the program

•  The poor were allowed to borrow money to buy the allotment 
and house

• Infrastructure was now completed
• People had access to clean water
•  People’s perception of the impact of flooding and the benefits of 

the RP was considerably improved

Source: The survey (2007)
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toilet systems did not work, and although people participating in the FGD had made 
many complaints to the commune authority and the program’s management board, 
this situation had not been addressed. Second, infrastructure in the RCs was not 
completely built. The water-discharge system did not function well during the flood 
season. Many areas in the RCs were inundated when either a heavy rain or the flood 
came. The poor quality of house construction and infrastructure within the RCs was 
due to the poor project implementation and the lack of participation of the beneficiary 
households. In reality, the contractor built the house, including an in-house toilet, 
at a cost equal to the price that the resettler paid. The contractor was assigned by 
the board of management, and the resettler had no involvement in the process. After 
the house was built, the resettler was informed when to receive the house. 
Consequently, with the low price of 10 VND million, a poor house was sold to the 
resettler. Third, there were no job opportunities for those who were living in the 
RCs. Table 11.6 summarize findings from the FGD surveys. Table 11.5 summarizes 
the FGD result of the insiders.

Table 11.6 FGD results of the households living in the resettlement cluster/path

Item
Before living in the 
resettlement cluster/path

After living in the  
resettlement cluster/path Changea

Income 
sources

Tenant in agriculture and 
non-agriculture activities, 
fish catching

Tenant in agriculture  
and non-agriculture 
activities, fish catching

~

Agricultural 
land

Some of them had their own 
agricultural land

They sold their pieces of land 
because they could not travel 
the long distance to work

−

Subsistence 
activities

Besides main income 
sources, they raised 
vegetables, chicken,  
and pigs

They were not allowed to raise 
animals around their houses 
or inside the RCs

−

Living 
conditions

•  Some of them had no 
houses

•  Basic living conditions were 
ensured

+

•  There was no electricity, 
clean water system,  
or health services  
in the old place

•  Electricity, clean water 
supplies, and health services 
were easily accessed

•  Children had difficulties 
getting to school during 
the flood season

•  Children went to school 
easily

Living with 
the flood

•  Most of them lived in the 
dangerous areas affected 
by erosion and the flood

•  They now could go out  
to find a job throughout 
the year without worrying 
about flooding affecting their 
children and the elderly

+

•  During the flood season, 
their livelihoods were 
badly affected because 
they had to stay at home  
to take care of their 
children and the elderly

a + increase/– decrease/~ unchanged
Source: the survey (2007)
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Household surveys were implemented to evaluate the impacts of the resettlement 
program on the livelihood of the resettlers. Changes in income sources, use of 
facilities, and job opportunities were compared in the before-and-after analysis 
framework. Results in Table 11.7 show that there were four main income sources, 
namely, crop planting, animal raising, on-farm tenancy, and off-farm tenancy. 
Tenant jobs were the main sources of income even when people lived in the RCs. 
Tenant incomes tended to increase and were an especially important income source 
for those living in RCs. About 92% of income now came from tenant activities, 
while the figure was only 70% when FGD participants lived outside the RCs. 
Meanwhile, for those who lived in the RPs, income from tenant activities did not 
change so much and was about 60%. Income derived from animal raising decreased 
because regulations did not allow people to raise animals inside the RCs. These 
results were consistent with the Xe and Dang (2006) survey. That survey showed 
that household income was relatively unchanged after moving to RCs but that the 
structure of income sources changed. Off-farm incomes increased significantly while 
on-farm incomes, including employment activities, decreased. Per household 
incomes from the agricultural sector decreased from 5.5 VND million to 3.7 VND 
million, and per household incomes from agricultural employment activities 
decreased from 7.4 VND million to 5.6 million. On the other hand, per household 
income from non-agricultural activities and from wage-earner activities increased 
from 3.0 VND million to 7.1 VND million and 4.7 VND million to 6.2 million, 
respectively. It can be said that the structural change in income generation based 
mainly on tenant activities was a big challenge to the resettlement program.

With respect to job creation, most respondents said that job opportunities were 
not improved. In the RCs, on-farm tenant activities became more difficult. Sixty 
percent thought that the situation was worse than before, while 35% thought that 
the situation had not changed. One possible reason that made it more difficult 
to find on-farm work was the distance from the RCs to places where jobs are 
located. Many people lived on the island before moving to the RCs. Living in the 
new place made it difficult to get information on jobs in the old place, while job 
opportunities in the new place were not easy to find. Opportunities for finding 
off-farm work were a little better. Thirty-five percent said they had better chances 
of finding a job, while 25% said that they were experiencing difficulties. Those who 
got more off-farm jobs previously received income mainly from on-farm activities. 

Table 11.7 Changes in income sources of the resettlers (Unit:%)

Income source

Resettlement cluster Resettlement path

Before After Changea Before After Changea

Crop planting 14.2 8.3 − 27.8 27.0 −
Animal raising 16.1 0 − 14.6 12.4 −
On-farm tenant 47.6 52.5 + 24.9 23.6 −
Off-farm tenant 22.1 39.2 + 33.7 37.0 +
Total 100.0 100.0 100 100
a + increase/− decrease
Source: The survey (2007)
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With the decrease in on-farm jobs, they were forced to get other off-farm jobs.  
In addition, 85% were having difficulty finding jobs during the flood season. For 
those who lived in the RPs, most did not see any improvement in finding jobs. 
Some thought that the job market was better, and others thought that it was worse 
than before. In the flood season, it was not clear whether job finding was difficult 
or not. Table 11.8 presents the results of evaluation on job opportunity.

Resettlers listed public services, such as better health care and communication, 
as one of the benefits of living in the RCs. Use of electricity and clean water 
increased. Most households now living in the RCs had access to clean water, while 
previously this was available to few. In addition, all had in-house toilets, although 
the quality of the toilet system was not ensured. Table 11.9 presents the before–
after analyses of accessing public services and in-house toilet installation.

11.4.4  Evaluation from Outsiders

To get the opinion of outsiders about the resettlement program, a third FGD survey 
was conducted for people living in Tan Hau B2 village of Long An commune. This 
area is located near the RP of Long Hoa. It is annually affected by flooding. In the 
interview, questions about the status of the landowner, on-farm and off-farm 
income-generating activities, the reasons people did not move to the RCs, evalua-
tion of the advantages and disadvantages of living outside the RCs, and subjective 
evaluation of the resettlement program came up in the discussion.

Table 11.8 Resettlers’ evaluation of job opportunities in the resettlement cluster (Unit:%)

Job opportunity Better Worse Unchanged Total

In resettlement cluster
• On-farm job  5 60 35 100
• Off-farm job 35 25 40 100
• Job opportunity in the flood season  0 85 15 100

In resettlement path
• On-farm job 10 10 80 100
• Off-farm job 15 30 55 100
– Job opportunity in the flood season 35 35 30 100

Source: The survey (2007)

Table 11.9 Percentage of households accessing the facilities in the resettlement cluster 
(Unit:%)

Facility

Resettlement cluster Resettlement path

Before After Changea Before After Changea

Electricity 30 100 + 85 100 +
Clean water 10 100 + 35  95 +
In-house toilet  5 100 + 20 100 +
a + increase/− decrease
Source: The survey (2007)
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The results showed that most of the people interviewed had their own 
agricultural land. Besides income generated from agricultural production, all of 
them earned incomes from on-farm and off-farm tenant activities. Income earned 
from these tenant activities exceeded that earned from agricultural activities such 
as rice planting and cash crops, indicating that these people were mainly comprised 
of the poor. All of them expected to be targeted and selected by the commune 
authority to join the resettlement program. The main reason they had not joined the 
program was that they were not on the “4 Nos” list.

According to the respondents, there were advantages and disadvantages to living 
outside the RCs. One of the advantages was that they got jobs easily. Living near 
the workplace helped them to earn more income. Another benefit was stability. 
Custom and habit in their lives did not change unless they moved into the RPs. In 
addition, people living in the RCs were not allowed to raise animals while they could 
do so, providing a source of savings for the poor. Although there were advantages in 
living outside the RCs, the outsiders also had to cope with a number of disadvantages. 
First and most significantly, many of them were living near dangerously eroded 
areas, so it was not safe for them and their families during the flood season. Some 
of them said that because of safety problems they often had to quit their jobs to take 
care of their families and, as a result, lost their incomes during the flood season. 
Second, some of the outsiders said that their children were not able go to school 
during flood periods. Going to school in the flood season was a dangerous thing for 
their children. In the study site, traveling during the flood season was very difficult. 
They expected that the government would establish more new RPs so that they would 
be able to take part in the program. Table 11.10 summarizes the FGD results.

The FGD results showed that the outsiders were seriously affected by flooding 
and landslides. It was extremely dangerous for those who were living in the eroded 
areas along Kinh Sang River. To evaluate public awareness of the impact of flooding, 
a household survey was implemented in this area. Most people agreed that the 
landslides along the river bank were caused by the annual flood. During the flood 
season, almost all economic activities were interrupted, and living conditions were 
changed. One hundred percent of them thought that flooding was evil. They worried 
about their lives, assets, and jobs. All of the respondents were willing to move to 
another place for safety. The majority made similar recommendations for building 
the RPs to enable them to live with flooding. Table 11.11 presents some recom-
mendations regarding how to cope with flooding.

Table 11.10 Advantages and disadvantages of living outside the resettlement path

Advantage Disadvantage

• Able to raise animals around the house • Vulnerable to flooding or landslide
• Near the workplace/easy to find a job •  Bad transportation conditions during the 

flood season

• No change in living conditions and customs •  Unable to go to school during the  
flood season

• No clean water to use
• No health-care services

Source: The survey (2007)
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11.5  Conclusion and Recommendation

11.5.1  Conclusion

People in the VMD recognized that flooding has both negative and positive effects. 
Besides huge damage, flooding brings a lot of benefits to the people, especially to 
the poor. People knew how to adapt and respond to flooding through many years of 
experience. Since the 1990s, the government has invested more effort and capital to 
cope with disastrous flooding in the VMD. Not until the end of the last decade was 
the new perception on the flood situation in the VMD – the so-called “living with the 
flood” policy – officially accepted. Under this policy, the VMD’s socio-economic 
development strategy was linked with adaptation to the flood situation.

A resettlement program designed for the permanently inundated areas of the 
VMD was implemented in 2001. This was expected to be completed by the end of 
2005. Total investment for the program was approximately US $200 million. 
However, the program is not yet complete. There were still 184 RCs not finished. 
The Vietnamese government decided to accelerate the program so that the program 
would be completed by the end of 2007. There are two kinds of resettlements in the 
program, namely RCs and RPs. RCs are built at one place, while the RPs are built 
along the inter-commune roads. In many RCs, public infrastructure such as an 
internal road system, marketplace, clinic, school, and so on remain incomplete. 
There are also problems with waste discharge systems in the RCs. In addition, there 
are financial problems faced by the program. Many resettlers are poor. Therefore, 
the capacity of resettlers to repay loans to the government remains an open policy 
question. Another issue is the employment problem. Review analyses and the FGD 
survey showed that the insiders’ income decreased. Lack of improvement in liveli-
hood has become a big concern for the insiders. To enable the program to be sus-
tainable, financial support and job creation need to be priorities for policymakers.

Although there were still complaints about its implementation, most of the insiders 
felt satisfied with the program. Thanks to the program, they had better lives. For those 
living in the permanently inundated areas, the program was the best choice for the 
poor. The FGD survey for the outsiders also revealed that they expected to move to 
live in the RCs. There were still many people affected by flooding. Enlarging the 
program may need to be considered. However, there is a policy question regarding the 
appropriateness of the resettlement program in the context of the LWF policy. 
Flooding affects a large area of the VMD, while the RCs have been built only in the 

Recommendation Percentage

Establishing the resettlement path  70
Building a dyke system   5
Raising the houses’ stilts  20
Moving to a higher place temporarily   5
Total 100

Source: The survey (2007)

Table 11.11 Opinions about the 
way to live with the flood
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most severely-affected areas, as specified by the rules of the program. As a result 
of the financial limitations of the program, it is unable to provide a solution for the 
whole region. With global climate change, it was predicted that the flood situation 
in the VMD is likely to worsen. To protect the whole region of the VMD via this 
program, the government would need to invest billions of US dollars, while the 
results of the program are still unknown. At the moment, this investment decision 
is impossible since it is still too early to assess the success of the program. The 
resettlement program is currently coping with many problems such as financial 
constraints, living conditions, and the quality of infrastructure.

An alternative approach with regard to the resettlement program in the context 
of the LWF policy might be to establish temporary residential clusters instead of 
permanent RCs. During the flood season, people would move to residential clusters 
for safety and return home after flooding subsides. This approach acknowledges that 
flooding brings more benefits than evils. People could avoid flooding at high-risk 
times but harvest the benefits of the floods at all times. On the other hand, the 
government will be able to expand the program to cover a larger area and at greater 
scale with a reasonable investment. This will be very important to the VMD’s flood 
situation if heavily affected by global climate change in the future.

11.5.2  Recommendation

In the long run, to effectively cope with flooding, people living in the inundated 
areas need to adjust their habits and social and economic activities in order to adapt. 
By acknowledging the fact that flooding will likely become more serious due to 
global climate change, the LWF policy is probably the best strategy. Exploiting the 
flood is better than preventing it. This approach allows the VMD to maintain the 
natural characteristics of the flood phenomenon that people have actually adapted 
to since they arrived in the area. The government plays a very important role in 
directing the residents of the VMD to react adaptively to the flood situation. At the 
national level, planning of economic development strategies in the VMD needs to be 
consistent with the LWF policy. At the local level, authorities need to persuade people 
to actively adapt to flooding and choose an appropriate way to live with flooding.

With regard to the resettlement program, the most important thing to do right 
now is to complete the construction of infrastructure in the RCs. Although the local 
authorities at the program site announced that the RCs are mostly completed, a 
number of real problems remain. The poor quality of public infrastructure limits 
the program’s success. In particular, the state of water-discharge systems in the 
RCs is poor, and these frequently do not work properly during the flood season. 
Furthermore, the poor quality of house construction and poor in-house toilet systems 
are the biggest concerns of the insiders. It is also recommended that additional 
measures need to be addressed so that the program can be completed.

In order to ensure the quality of the RCs, some processes in designing, imple-
menting, and monitoring the resettlement project need to be improved. Regarding 
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the design of the RCs: the participation of the commune authority and the commu-
nity is essential so that the construction of infrastructure and houses within the RCs 
is adequate to cope with the real conditions relevant to each location. RCs should 
not have the same design everywhere. In particular, the design of the discharge-
treatment system for the RCs should be re-examined to ensure that these work 
during the flood season. In implementing the construction of the RCs, contractors 
are currently assigned by the management division of the district authority and not 
by the commune authority and the board of management of the RCs who know 
the situation and local conditions better. The problem of the poor quality of the RCs 
could be resolved by involving the commune authority and the board of manage-
ment of the RCs in the process of project design and implementation. In moni-
toring the construction of infrastructure and houses in the RCs, the participation of 
households is an important factor to ensure the quality of construction. For the 
construction of in-house toilet systems, it is recommended that households be 
responsible for implementation instead of the contractors.

Enlargement of the program may be required in the future. While the demand 
for living in the RCs is potentially huge, examples in the study site showed that 
public awareness of the need for adaptation to the permanent inundation situation 
is increasing. Observed benefits accrued by insiders influence outsiders’ willingness 
to join the program. Therefore, in the long run the government needs to continue 
enlarging the program to cover all kinds of people affected by flooding.

Although the program satisfies most of the poor, the fact that living conditions have 
not improved is a big concern of the insiders. The review analyses revealed that the 
insiders’ income was lower than the outsiders’ income (Xe and Dang 2006). Moreover, 
the FGD survey showed that the insiders experienced greater difficulties in getting 
jobs than they did before living in the RCs. So, measures to create new jobs – which 
are mainly off-farm activities – are needed. It is recommended that social programs such 
as rural-poverty alleviation, traditional “trade village” development, work for rural 
youth, etc., need to be linked to the resettlement program. This is very important from 
the policy maker’s point of view. A stand-alone resettlement program is not enough; 
it also requires synchronous measures to enable the program to be successful.

Moreover, environmental consequences of the program need to be considered, 
as there are environmental impacts associated with the resettlement program. A poor 
water-discharge system and a badly designed in-house toilet system will cause 
negative impacts for the insiders. One issue relates to the health hazard, which 
becomes a very serious problem during the flood season. The costs of this health 
hazard must be evaluated in the context of the program. Broadly, a comparative 
analysis of insider–outsider health problems should be undertaken to assess the 
impacts of poor living conditions in the RCs.

To enable the program to be sustainable, the financial-support policy needs to be 
revised. In the context of the program, most of the target households are poor. In the 
survey, most of the poor are very concerned about their capacity to repay loans. 
At present, some of the borrowers are not meeting the time schedule for repayments 
to the bank and are currently incapable of repaying their loans. A revised institu-
tional financial policy is necessary to help the poor to be able to repay loans.
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This study was implemented in areas most affected by flooding in the VMD. 
The fact that flooding now comes more frequently and more seriously is potentially 
due to the impact of climate change. Living with flooding via the resettlement pro-
gram in the VMD would be a lesson for other territories and places facing the threat 
of sea-level rise.

Finally, this pilot study simply describes what is happening with the LWF policy 
implementation and resettlement program in the VMD. Difficulties in designing, 
implementing, and monitoring the resettlement program need to be examined so 
that appropriate policy advisories can be evaluated. Factors affecting the successes 
and failures of the program should be analyzed comprehensively. It is recommended 
that in the future, more case studies should be conducted within the VMD in order 
to enable comparison between RCs in different places and to better evaluate the 
resettlement program. In this proposed research, factors including the year of 
resettlement construction, ethnic elements, poverty level, etc, are important criteria 
to consider when selecting RCs for study.
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Abstract The Mekong River Delta in Vietnam is the largest agriculture and 
aquaculture production region of the nation. As the most downstream part of  
the Mekong River to both the East Sea and the Gulf of Thailand, the majority of 
the Delta is slightly under 2 m above sea level. Historically and practically, the 
people of the Delta have settled in the highest densities along the river and banks 
of the connected canals. Human life, agriculture and aquaculture production, and 
domestic water supplies in the Delta depend highly on the meteorological and 
hydrological regimes of the region. However, Delta livelihoods are sensitive and 
could be threatened by climate change and hydrological cycles. Future climate 
projection from the regional climate model indicates that the Mekong River Delta 
region will likely be warmer in the future with longer and drier summers. Seasonal 
 patterns could be altered under the influence of global warming. Moreover, 
changes in climate patterns in the upstream region of the Mekong River may affect 
the flood regime of the Mekong Delta, which may lead to an extension of the 
 current boundaries of flooding patterns. These changes raise many concerns, espe-
cially in terms of those who make their living from agriculture and aquaculture, 
because of their significant potential for creating new environmental challenges in 
the Mekong River Delta.
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12.1  Introduction: Future Climate Projections of the Mekong 
River Delta Through a Modeling Approach

Climate change, an inevitable effect of global warming, has become a global  concern 
due to its potential consequences on various systems and sectors and because of its 
threat to human well-being (IPCC 2001). Understanding climate change is crucial to 
the proper planning of adaptation measures to cope with future risks. However, 
global warming is a slow process and requires rather long-term, future climate pro-
jections in order to clearly detect patterns of future climate change (IPCC 2007) and 
the impact of these on certain sectors within a specific area. Global circulation mod-
els (GCMs) have been developed (The IPCC Data distribution Centre 2003, 
available access on http://cera-www.dkrz.de/IPCC_DDC/IS92a/) and are commonly 
used to simulate future climate projections. However, the majority of simulation 
results available today from most GCMs are of a coarse scale due to technological 
limitations, and these are not an effective tool for climate change impact assessment 
at the local level. Therefore, regional climate projections in high resolution have been 
developed based on various techniques to address the scale requirements in climate 
change impact assessment. Typically, there are three types of techniques for obtain-
ing high resolution regional climate change projections: statistical, dynamical, and 
hybrid (statistical–dynamical). The use of Regional Climate Models (RCMs) falls 
into the dynamical category (Jones et al. 2004). This chapter discusses the approach 
in dynamic downscaling of GCM data using the regional climate model to develop 
future climate projections for the Mekong River Delta (MD).

An RCM is a downscaling tool that adds fine scale (high resolution) information to 
the large-scale projections of a global GCM. While GCMs typically run according 
to horizontal scales of a few hundred kilometers, regional models can resolve 
 features down to a much smaller scale of 50 km or less. This results in more accurate 
representation of many surface features, such as complex mountain topographies 
and coastlines. It also allows small islands and peninsulas to be represented realisti-
cally, whereas in a global model, the sizes of these would associate their climate with 
that of the surrounding ocean. RCMs are full climate models, and as such, are based 
on physical data. They represent most, if not all, of the processes, interactions, and 
feedbacks among climate system components represented in GCMs. They produce 
a comprehensive set of output data over the model domain. This study uses a 
regional climate model, namely PRECIS, for downscaling coarse scale GCM to 
derive climate change scenarios for the Mekong River Delta (Jones et al. 2004).

PRECIS is a regional climate model that was developed by the Hadley Centre 
for Climate Prediction and Research, and is based on the Hadley Centre’s regional 
climate modeling system. It can be used as a downscaling tool that adds fine scale 
(high resolution) information to the large-scale projections of a global GCM. It has 
been ported to run on a PC (under Linux) with a simple user interface, so that 
experiments can easily be set-up over any region. PRECIS was developed in order 
to help generate high-resolution climate change information for as many regions of 
the world as possible. These scenarios can be used in impact, vulnerability, and 
adaptation studies (Simson et al. 2006).

http://cera-www.dkrz.de/IPCC_DDC/IS92a/
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Water vapor and carbon dioxide (CO
2
) are the main gases responsible for the 

 greenhouse gas (GHG) effect. The Intergovernmental Panel on Climate Change 
(IPCC) has considered the modulation of carbon dioxide emissions and concentra-
tions as a fundamental factor in controlling climate variations over this time scale. 
Increasing atmospheric greenhouse gases is the key factor in global warming, and 
it is expected that GHGs will continue to increase in the future. Changes in the level 
of atmospheric GHGs depend on the level of human activity, which will affect 
GHGs emission in the future. The IPCC has developed CO

2
 emission and concen-

tration scenarios which project changing socio-economic conditions and associated 
emission levels to measure different plausible GHG emission and concentration 
outcomes (SRES 2000). See Fig. 12.1.

This study conducted dynamic downscaling based on an initial dataset from 
ECHAM41 GCM from the Max Planck Institute for Meteorology, Germany (http://
cera-www.dkrz.de/IPCC_DDC/IS92a/Max-Planck-Institut/echam4opyc3.html) and 
used PRECIS RCM to simulate future climate scenarios for the Southeast Asia region 
at a resolution of .22° grid (approximately 25 × 25 km2) with daily time step.

12.2  Climate Change in the Mekong River Delta

Simulation results from the PRECIS regional climate model show that the Mekong 
River Delta will likely be a few degrees Celsius warmer in the 2030s than in the 
1980s, the baseline period for comparison. Warmer temperatures can be seen in 
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1209ECMWF Atmospheric General Circulation Model coupled with University of Hamburg Ocean 
Circulation Model (http://www.ipcc-data.org/is92/echam4_info.html).

http://cera-www.dkrz.de/IPCC_DDC/IS92a/Max-Planck-Institut/echam4opyc3.html
http://cera-www.dkrz.de/IPCC_DDC/IS92a/Max-Planck-Institut/echam4opyc3.html
http://www.ipcc-data.org/is92/echam4_info.html
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Fig. 12.2 Average maximum temperature in the Mekong River Delta in the 1980s and 2030s 
(simulated)

Fig. 12.3 Average minimum temperature in the Mekong River Delta in the 1980s and 2030s 
(simulated)

both the average maximum and minimum temperatures. Moreover, the extreme 
maximum temperature, that is, the maximum temperature of the hottest day in the 
year, will also be warmer by a few degrees Celsius (see Figs. 12.2–12.4).

Changes in the climate in the Mekong River Delta can also be seen in temporal 
terms, as well as in terms of magnitude. From the simulation, results show that it 
will not only be warmer, but the hot period is also expected to be longer. Figure 12.5 
shows that the hot period, defined in this chapter as the number of days annually 
where the maximum temperature is over 35ºC, will extend to about 2 months longer 
in the 2030s compared to that of the 1980s.

Annual precipitation is likely to decrease by 10–20% in the future throughout 
the Delta area (see Figs. 12.6 and 12.7).



21112 Climate Change in the MD and Key Concerns on Future Climate Threats

Fig. 12.4 Average maximum temperature of the hottest day of the year in the Mekong River Delta 
in the 1980s and 2030s (simulated)

Fig. 12.5 Hot period (number of hot days in a year) in the Mekong River Delta in the 1980s and 
2030s (simulated)

Fig. 12.6 Annual precipitation in the Mekong River Delta in the 1980s and 2030s (simulated)
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12.3  Climate Change and Impact on the Flood Regime  
in Mekong River Delta

One of the key concerns with climate change in the Mekong River Delta is its impact 
on the flood regime, which may influence many economic sectors in the Delta area. 
The flood regime in the Mekong River Delta is determined by the regional flow 
variation that results from the influence of climate change, especially the change in 
annual precipitation, on the upper parts of the basin. Moreover, sea level rise induced 
by global warming would also affect the flood regime in the Delta, as well as pro-
duce more significant salinity intrusions and coastal erosion; these latter have also 
become major concerns in the Delta.

The impact of these climate-related phenomena on the hydrology of the studied 
areas was analyzed using the modeling approach. The schematic overview of the 
interactions among climatic, hydrological, and hydrodynamic models is presented 
in Fig. 12.8 (Water and Development Research Group, Helsinki University of 
Technology, Finland and Southeast Asia START Regional Center [SEA START 
RC], Chulalongkorn University, Thailand 2009).

As explained above, the future climate projection data was simulated by 
ECHAM4 Global Circulation Model under the IPCC SRES A2 GHG scenario and 
downscaled to high resolution using the PRECIS regional climate model, which 
was used as an input to the hydrological and ocean circulation model to determine 
changes in the future flood regime in the Mekong River Delta.

Fig. 12.7 Comparison of change in annual precipitation in the Mekong River Delta between the 
1980s and 2030s (simulated)
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Regional climate projection data was used in a simulation of a basin-wide 
 hydrological regime under the influence of future climate projections. The simula-
tion was based on the Variable Infiltration Capacity (VIC) hydrological model, 
which is a macro-scale hydrologic model that solves full water and energy bal-
ances, originally developed by Xu Liang at the University of Washington (Liang 
et al. 1994). In addition, regional climate projection data was also used as an input 
to the Princeton Ocean Model in the simulation of future sea levels at the mouth of 
the Mekong River; these may vary under the influence of changing wind speed and 
wind direction (Blumberg and Mellor 1987). Future projections of changing sea 
levels due to the direct effect of global warming, for example, ocean water expan-
sion, as indicated in the IPCC Fourth Assessment Report, was also taken into 
account in the analysis (IPCC 2007). Results from the regional climate model, the 
regional hydrological simulation, and the ocean circulation model were then fed 
into the hydrodynamic model, the EIA 3D model, for more detailed hydrological 
analysis of the Mekong River floodplain system. The model is able to describe the 
three-dimensional characteristics of the flooding, flow, water quality, and erosion 
and sedimentation in the lakes, reservoirs, river channels, and floodplains of the 
study area (Koponen et al. 2004).

Results from the 3-D hydrodynamic model provide guideline data to determine 
future changes in the flood regime in the Mekong River Delta. The model  simulations 

Fig. 12.8 Schematic overview on the interactions among climatic, hydrological, and hydrody-
namic models
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show an increasing trend in the annual maximum water depth and flooded area 
 during the average and driest years. On the other hand, a clear trend is not visible in 
the wettest years. This change may have a significant impact on both agriculture and 
aquaculture (see Fig. 12.9).

12.4  Concerns About Future Changes in Climate  
and Flood Regimes in the Mekong River Delta

Many scientists and international organizations have classified the Mekong River 
Delta as a vulnerable area of climate change and sea level rise (Peter and Ruysschaert 
2008; Dasgupta et al. 2007; IPCC 2007; UNDP 2007; ADB 1994). Climate change 
will have complex and significant impacts on rural production and the quality of life 
in general in the region. The increase in average maximum temperatures during the 
dry season in the future will lead to high evapo-transpiration. Salinity intrusions 
from the East Sea to land will become more serious. Secondary crop cultivation and 
freshwater aquaculture will face challenges due to the declines in water supply 
and irrigation sources. People will be more exposed to weather-related diseases. 
The reduction in precipitation, especially at the beginning and in the middle of the 
rainy season, will strongly affect the summer–autumn rice crop, leading to higher 

Fig. 12.9 Flood boundary in the Mekong River Delta in the 1980s and 2030s (simulated)
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 production costs. Yet, the increase of precipitation in the latter periods of the rainy 
season combined with early flooding will threaten the rainy season crop harvest. The 
boundary of significant floods is projected to expand to the southern part of the 
Mekong River Delta, toward areas in Bac Lieu and Ca Mau peninsula, which will 
then threaten current aquaculture operations. Shrimp farmers will face higher costs 
to install protection dykes around their shrimp ponds. The inundation periods in the 
upstream provinces will decrease. This flood regime will shorten the fishing period 
for the poor in the An Giang and Dong Thap flooding areas.

The future of the Mekong River Delta in terms of these consequences can be 
described generally as the following: areas devoted to agricultural production, 
such as rice fields, secondary crop fields, fruit orchards, and aquaculture will 
shrink and production and capacity will decrease, which in turn may threaten the 
food security of the nation. Rice farmers, shrimp farmers, salt farmers, and small 
agricultural businessmen will be significantly impacted due to the lack of essential 
nutrient sources, changes in the meaning of land ownership, and possibly access 
to information necessary for adaptation to changes in the climate and flood regime. 
The consequence will be that regional forest, land, water, wildlife, and mineral 
resources will be over-exploited. Many wetland protected areas such as Tram 
Chim, Upper U Minh, Lang Sen, Tra Su, Ha Tien, Vo Doi, Bai Boi, Dat Mui, and 
Lung Ngoc Hoang may also be exploited negatively. Certain organisms may face 
extinction while the populations and range of some insects, such as mosquitoes, 
may increase. Farmers in coastal regions seriously impacted by climate change 
and sea level rise may migrate to urban areas in the north and west of the Mekong 
River Delta (such as Chau Doc, Long Xuyen, Can Tho, Vinh Long, My Tho, Tan 
An). Migrations could lead to significant population increases, affect urban plan-
ning, and create new social problems, which in turn will have an environmental 
impact on urban areas.

12.5  Discussion and Conclusion

The Mekong River Delta is considered to be the most seriously impacted area in 
South East Asia in terms of intense environmental, social, and economic change. 
The changes in this area need to be studied and explained to strategy planners, 
policy makers, scientists, businessmen, local officers, and local people: all of those 
who will be affected by problems created by future changes as well as those who 
are trying to solve them. The development of policy for information sharing and of 
measures to mitigate and adapt to environmental changes are crucial. Hesitation, 
suspicion, and irresponsibility will yield ill consequences for future generations. 
While scientists have recognized the phenomenon of climate change and sea level 
rise, further analysis is still being carried out. It is essential to organize collabora-
tive research on simulations of climate change in various time frames with different 
scenarios and equally essential to identify subjects who will be affected by climate 
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change as well as the kinds of impacts they are likely to suffer. Some of the most 
important variables that must be considered at the same time are:

The uncertainty of future change scenario-based study: this study, for example, • 
is based on a single scenario which represents only a single plausible future.
The risk and vulnerability of economic sectors in the Mekong River Delta: • 
 climate change impacts make up a chain of consequences which will affect 
 sectors ranging from the bio-physical to the socio-economic. However, each 
sector may be at risk differently and may respond to future changes differently.
Other long-term change under influences from other forces, especially those • 
related to development and globalization, will affect the social and economic 
context of environmental change in the future and will affect the interaction 
among various social and economic sectors and sub-sectors and alter future 
vulnerability.
The holistic approach in the development of adaptation strategies in the future • 
will have to take changes in the social and economic contexts into consideration 
by looking into the impact of climate change on various systems and sectors and 
understanding how each sector’s response to climate change may affect other 
 sectors in order to come up with appropriate strategies for the region.
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Abstract Since the implementation of economic reforms in 1986, the Mekong 
Delta has experienced an extensive transformation process in its agricultural  
sector. This transformation has been characterized by agricultural intensifica-
tion, the enhanced use of agrichemicals (fertilizer, pesticides), and emerging 
concerns for human health and the environment. The predicted impacts of cli-
mate change such as sea level rise, greater seasonal variability in precipitation 
and river flows, and elevated temperature and CO

2
 concentration will all likely 

also influence the agricultural landscape and thus agrichemical use. Against the 
background of the anticipated climate change impacts in the Mekong Delta, 
this chapter aims to draw a scenario for future agrichemical use and attendant 
environmental problems. This scenario is achieved through a review of the main 
climate change-mediated drivers for agrichemical use, with a focus on land-use 
changes and changes in pest and disease patterns. In addition, the chapter identi-
fies possible adaptation measures that may be implemented by the agricultural 
sector in the Mekong Delta and explores the potential environmental effects of 
these adaptation strategies.
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13.1  Introduction

13.1.1  Physical Conditions and Agriculture  
in the Mekong Delta

The Vietnamese portion of the Mekong Delta covers an area of 4.06 million ha 
and is home to 17.7 million people, of which 79% live in rural areas (GSO 2008). 
It is a flat and low-lying area (<4.0-m above mean sea level) with a complex 
network of rivers and channels. The hydrology of the Delta is influenced by 
tides from the South China Sea and to a lesser extent from the Gulf of Thailand. 
The climate is tropical monsoonal with a rainy season from May to October 
and a dry season from November to April. Average annual temperature is about 
27°C. Mean annual rainfall is about 1,600 mm, of which more than 80% falls 
during the rainy season (Statistical Office of Can Tho City 2000, 2005, 2008). 
During this period, a large part of the Delta is inundated. In the dry season, the low 
discharge of the Mekong, tides from the South China Sea and from the Gulf of 
Thailand, and high water extraction rates cause salinity intrusion in the Delta 
(White 2002).

To date, the hydrology of the Delta is largely managed by sea dykes, embankments, 
sluice gates, and pumping stations used for irrigation purposes. These large-scale 
hydraulic structures have been established mainly to control floods in the upstream 
part of the Delta and saline intrusion in the coastal areas. The consequence has 
been a largely human-regulated water regime. Existing hydraulic control structures, 
soil fertility and productivity, and, since the implementation of economic reforms 
in 1986, agricultural modernization have successfully stimulated rice production 
in Vietnam. Once a rice importer, it is now the world’s second largest rice exporter. 
Similarly, rapid growth of the aquaculture sector has enabled Vietnam to become 
one of the largest fishery export countries in the world (FAO 2008). To date, 63% 
of the Delta is used for agricultural production, a very high rate compared with 28% 
for the entire country and 38% for the Red River Delta (GSO 2008). The region 
supplies 55% of national rice production (2007, all three rice seasons) and 82% of 
the farmed shrimp production (GSO 2009a, b). This rapid growth was a direct result 
of intensification processes such as the introduction of three annual rice seasons 
instead of two in some areas of the Delta (Dang and Danh 2008) and the adaptation 
to the production of exportable goods (e.g., Pangasius). This success is based to a 
large extent on the enhanced use of agricultural chemicals such as fertilizers 
and pesticides in rice production (Meisner 2005; Dang and Danh 2008) and the 
use of processed feed, pesticides, and veterinary drugs in the aquaculture sector 
(Trong et al. 2002). The drawbacks of this development are widely recognized as 
environmental degradation and pollution (IRIN 2009), concerns about drinking 
water and food safety (Holland 2007; Neubacher 2007), failures in meeting 
international standards of exported goods (Yen 2006), and health concerns (Margni 
et al. 2002; Dasgupta et al. 2007).
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13.1.2  Climate Change in the Mekong Delta

Climate change is an ongoing process in the Mekong Delta. Possible impacts can 
already be projected by reviewing the recent climate history of the Delta. In the 
past 10 years, the Delta experienced high floods in 2000, 2001, and 2002, includ-
ing the historic high flood in 2000 and drought for four successive years (espe-
cially the drought combined with low river flow in 2004 and early 2005). Most 
recently, in early 2010, the Delta was hit by a severe drought with saline intrusion 
into areas which were never before impacted.

The Vietnamese Ministry of Natural Resources and Environment (MONRE) 
published recent climate change scenarios for Vietnam in 2009. According to the 
medium emission scenario [IPCC SRES B2, reference period 1980–1999 (IPCC 
2007)] the annual mean temperature will increase by 0.6°C in South Vietnam by 
2030. Temperature increase will be 0.5–0.6°C during the dry season (Dec–May) and 
0.6–0.7°C during the wet season (Jun–Nov). For the same area and period the annual 
rainfall is predicted to increase by 0.4%. However, in the dry season (Dec–May) 
annual rainfall is predicted to decrease by 4.3% in average, while rainfall will increase 
during September–November by 1.7% on average, which will lead to enhanced 
seasonal variability. Sea level is predicted to rise by 17 cm by 2030 and 75 cm by 
the end of the century. Sea water intrusion in the southwest coastal provinces 
already influences 1.77 million hectares of land (45% of the region). Although 
sea water intrusion into low lying deltas is a natural phenomenon, sea level rise, 
climate influenced changes in river flow, and human activities such as increasing 
water extraction from aquifers of the Mekong Delta are predicted to expand greatly 
the area affected by sea water intrusion. A sea level rise of 75 cm by the end of the 
century would lead to an inundation of about 7,600 km² – that is, 19% of the Delta 
(MONRE 2009).

Using a regional climate model (PRECIS) under IPCC SRES A2 scenario (high 
emission scenario, reference period 1980s) Tuan and Suppakorn predict a higher 
average maximum and minimum temperature and a longer and drier dry season 
(2011, this publication, Chap. 11). Annual precipitation is predicted to decrease by 
10–20%. The altered precipitation pattern would lead to an altered flood regime 
with an increasing annual maximum water depth and a wider area of the Delta 
impacted by floods. At the same time, the flooding period will be shorter in the 
upstream provinces of the Delta as compared to the 1980s.

13.1.3  Possible Climate Change Impacts on Agriculture

Croplands occupy about 18% of the earth’s surface and are increasingly exposed 
to threats from climate change induced climatic variability. Changes in air tem-
perature and rainfall pattern and resulting increases in the frequency and intensity 
of drought and flood events, as well as altered hydrological cycles, will all have 
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implications for agricultural productivity (FAO 2007). A considerable number of 
publications discuss important expected impacts of climate change on agricul-
ture such as changes in the production area, the migration of agro-ecosystems, 
physiological effects on crops influencing yield quantity and quality (Peng et al. 
1995; IRRI 2007; Wassmann and Dobermann 2007; Battisti and Naylor 2009; 
Gregory et al. 2009; Padgham 2009), changes in soil and water resources, and 
the changing occurrence and severity of pest and disease outbreaks (Coakley 
et al. 1999; Chakraborty et al. 2000; Chakraborty and Pangga 2004; IRRI 2007). 
Despite the large number of studies of particular aspects of climate change 
impacts (e.g., on CO

2
 fertilization), our understanding of climate change impact 

on agriculture is still limited. One of the reasons is that the processes described 
above all interact with one another through feedback loops. For example, water 
scarcity causes plants to be water-stressed and thus more susceptible to pests and 
diseases. In addition, climate change will likely trigger adaptation, i.e., changes 
in agricultural practices (e.g., planting more flood resistant or salt resistant vari-
eties of rice, implementing better irrigation practices, increased use of agrichem-
icals). Some of these adaptation measures will likely have unwanted effects such 
as increasing water pollution and soil degradation. Holistic studies, which con-
sider a broader range of changing parameters and possible feedback loops, are 
thus far largely missing. Additionally, there is a lack of information on climate 
predictions at the smaller scales (field scale), where most of the yield-relevant 
processes take place. We therefore face large uncertainties when attempting to 
determine the effects of climate change on aquiculture. Being aware of these 
limitations, this chapter aims to sketch a scenario for future agrichemical use 
and attendant environmental problems by reviewing the main climate change-
mediated drivers for agrichemical use with a focus on land-use changes and 
changes in pest and disease patterns. In addition, the chapter identifies possible 
adaptation measures that may be implemented by the agricultural sector in the 
Mekong Delta and explores the potential environmental effects of these adapta-
tion strategies.

13.2  Possible Impacts of Climate Change  
on Agrichemical Use

Climate change may influence agrichemical use in many ways. Temperature and 
rainfall patterns have been shown to directly influence the amount of pesticides 
used in the US (Chen and McCarl 2000). Climatic conditions also influence the 
efficiency of agrichemicals directly by, for example, influencing their retention 
time on the foliage. Climate change also affects the net area of crop production by 
inundation and saline intrusion in the Delta.
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13.2.1  Possible Impacts on the Production Area  
in the Mekong Delta

Production area may be influenced by climate change in direct and indirect ways. 
Sea level rise (SLR) and changing flood patterns will result in a direct net loss of 
arable land in the Delta. A sea level rise of about 30 cm is expected by 2050 and of 
about 75 cm by the end of the twenty-first century based on a medium emission 
scenario (MONRE 2009). Inundations in the Mekong Delta caused by 20–40 cm of 
SLR would significantly affect all three rice cropping seasons by limiting the number 
of rice crops per year (Wassmann et al. 2004; White 2002). Beside inundation and 
permanent salinization, temporary saline intrusion will increasingly affect arable 
land. As a result of saline intrusion into arable land, salt will need to be washed-out 
with fresh water at the beginning of the rainy season. With an increasing extent 
(duration and area) of saline intrusion, it might prove difficult to reduce salinity 
which could result in salinity accumulation in soils. Saline intrusion was found to 
be the major factor leading to regional differences in rice cropping systems and 
land use patterns in the Delta (Kotera et al. 2008). Should there be no implementa-
tion of further structural adaptation measures, predicted inundation of about 19% 
of the Delta and increasing salinization of water and soil resources would lead to a 
significant limitation of land resources suitable for agriculture in the region. These 
limitations would likely lead to an enhanced pressure on the remaining arable 
land in terms of yield per hectare in order to maintain food and income (export) 
security which in turn would likely require further agricultural intensification with 
corresponding high pesticide and fertilizer use.

The Vietnamese government plans to undertake significant investments into the 
construction and upgrading of sea-dykes and sluice gates to respond to sea level rise 
(SRV 2008). Thus, predictions for the impacts of sea level rise on land use and 
agricultural production need to take into account a considerable number of technical 
adaptation measures. Such technical solutions are already applied in large areas of 
the Delta as a response to existing saline water intrusion. A series of dykes and 
sluice gates have been constructed in the Ca Mau Peninsula (southern part of 
the Mekong Delta) to enhance the production area of rice since 1993. The estab-
lishment of saline-intrusion control measures was a response to the Mekong Delta 
Master Plan (NEDECO 1993) and the Mekong Delta Water Resources Project’s six 
provincial cross-boundary subprojects in the late 1990s (Evers and Benedikter 2009). 
The impacts of these measures on land use, management practices, and resulting 
impacts on the environment are already assessable. Reduced saline intrusion and 
the prolongation of the cropping season behind the sluice gates lead to progressive 
expansion of the area suitable for rice production and to intensification of the 
production by having two or three rice crops per year instead of one (Kam et al. 2001). 
This level of intensification increases the pressure on soil resources and favors pest 
outbreaks which then lead to drastically increased pesticide and fertilizer use. Since 
freshwater behind the sluices is limited and mainly stagnant in the dry season, 
water pollution by agrochemicals becomes a threat for human health, for aquatic 
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ecosystems, and for agricultural production other than rice paddies. Aquaculture 
especially is affected by pollution with agrichemicals; this adds to the existing 
conflicts on water allocation between freshwater users for crop farming and brackish 
water users for shrimp aquaculture (Nhan et al. 2007). Additionally, leaching from 
acid sulfate soils tends to acidify the water behind closed sluice gates. In saline 
water-protected areas, acidic water and water scarcity in the dry season were found 
to be the limiting factors for rice production (Aizawa et al. 2007). Overall, intensi-
fication in agriculture behind water-control structures challenges the environmental 
sustainability of the Mekong Delta.

13.2.2  Possible Climate Change Impacts on Rice Plants

Influence of climate change, especially global warming and elevated CO
2
 (ECO

2
) 

on the growth and development of rice plants has been well documented (Baker 
et al. 1992, 1996; Peng et al. 1995; De Costa et al. 2006). Enhanced CO

2
 concentra-

tions alter physiological processes in rice plants such as photosynthetic rate or 
stomatal conductance. In an investigation, doubled CO

2
 concentration from 330 to 

660 mmol mol–1 increased total aboveground and root biomass and final yield due 
to an increase in net photosynthesis and tillering (Baker et al. 1996). These kinds 
of changes will have positive effects on rice production such as shortening the 
growth period by 10–12 days due to shorter vegetative phase and increasing the grain 
yield by 10–70% (Imai 1995; Allen et al. 1995; Ainsworth 2008) through carbon 
fertilization. However, global warming – without considering parameters such as 
carbon fertilization – is likely to influence rice production negatively (Baker et al. 
1996; Peng et al. 2004; IRRI 2007) e.g., through more frequent occurrences of acute 
and chronic heat stress events for the plants (Ingram et al. 1995) or because of changes 
in evapotranspiration and the availability of water used for irrigation (Tao et al. 2008). 
Since global warming and ECO

2
 are predicted to co-occur, investigations on the 

interactions between these two climatic variables are extremely important. Ingram 
et al. (1995) demonstrated that the interactions between CO

2
 and temperature would 

be specific for rice varieties and production locations. For example, adverse effects 
of a warmer temperature coupled with enhanced CO

2
 environments are likely to be 

greater for the tropics (in the Mekong Delta, for example) than for temperate regions. 
Benefits from the carbon fertilization process on rice can be overshadowed by a 
negative impact of higher temperature, which in turn leads to a greater sink demand 
due to increased growth and respiration rate (Gesch et al. 2001). In the sensitive 
development stages of rice such as the reproductive phase, higher night temperatures 
can significantly reduce fertilized spikelet percentage and consequently grain yield, 
even when the atmospheric concentration is doubled (Cheng et al. 2009). In com-
parison, ECO

2
 coupled with higher temperature might lead to an increase in rice 

yield in sub-humid tropical climates (De Costa et al. 2006). The degree of response 
to climate change factors vary with rice cultivars (Shimono et al. 2009) and thus 
selection and breeding programs should consider adaptation qualities.
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The impact of climate change on rice production has been extensively studied 
using simulation models (Horie et al. 2005), which has made it possible to predict 
changes at large scales. In an attempt to assess the impact of climate change in rice 
production in Asia, Masutomi et al. (2009) input future climate change scenarios 
based on the projections of many general circulation models (GCMs) for three 
SRES scenarios (18 GCMs for A1B, 14 GCMs for A2, and 17 GCMs for B1, refer-
ence period 1990s) into a crop model M-GAEZ and calculated the average change 
in rice production, taking into account the effect of CO

2
 fertilization. The results 

showed that rice production would be affected in all atmospheric CO
2
 scenarios and 

estimates of the impact of climate change significantly depend on the GCMs used. 
According to these simulations, rice production in Vietnam would decrease largely 
in the 2020s and 2080s but slightly increase in the 2050s for all scenarios used, 
although the degree of change in each period of these three SRES scenarios would 
be different.

In addition, climate change also affects plant pests and pathogens and 
agrichemical-use efficiency, and the inter-relationship between these factors would 
need to be taken into account for a more holistic assessment of climate change 
impacts on rice production.

13.2.3  Possible Impacts on Rice Pests and Pathogens

Damage caused by pests and diseases in general is one of the most important 
limiting factors in agriculture production. Yield losses due to pathogens and pests 
are estimated at around 16–18% of total worldwide production (Oerke 2006) of 
which losses to pathogens were estimated to around 220 billion US dollars (Agrios 
2005). In rice production alone, global potential losses due to pathogens and pests 
account for 13–25% of attainable yield, and the actual losses vary considerably 
according to agro-ecological regions (Oerke 2006).

Numerous pests and pathogens cause different levels of damage to rice crops. 
The most common and important pests for rice are stem borers, brown planthoppers 
(BPH), rice leaf folders, and rice thrips (Pathak and Khan 1994). These pests can occur 
in one, several, or all stages of rice growth and cause great losses. Diseases with 
economic importance in rice are blast disease, sheath blight, sheath rot, brown spot, 
bakanae, bacterial leaf blight, and viral diseases, such as rice grassy stunt virus 
(RGSV). In the Mekong Delta, the most important pests and diseases in terms of 
economic loss are BPH, rice thrips, stem borers, leaf folders, rice blast and sheath 
disease, sheath rot, brown spot, and RGSV, as reported by the Plant Protection 
Department – Ministry of Agriculture and Rural Development (PPD – MARD).

Among the various factors affecting pest and disease incidence and development, 
weather conditions play a significant role and influence all stages of growth and 
development of host plants as well as the occurrence and severity of the disease 
(Chakraborty et al. 2000). The predicted changes in climate will likely alter the 
geographical and temporal distribution of plants, which in turn affect disease 
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infection and development processes. Changes in temperature have significant 
effects on pest and disease distribution and development in most locations. Higher 
temperature favors population development of some pests and pathogens by 
increasing the number of life cycles per year. Higher temperature promotes plant 
growth in cool regions and thus provides more food and nutrient for pests and 
pathogens, whereas the impact is opposite in warmer locations. Thus, the effects 
will vary among different agro-ecological zones (Coakley et al. 1999). ECO

2
 in the 

atmosphere will alter physiology and morphology of the host, resulting in changes 
in light interception, canopy structure, and microclimate, which will in turn affect 
disease epidemiology (Chakraborty et al. 2000; Ghini et al. 2008). Interactions 
between climate, plant host, and pathogens will determine the degree of impact on 
agriculture (Chakraborty and Pangga 2004), but will also be influenced by the 
effectiveness of applied management strategies (Chakraborty et al. 2000).

The effects of climate change on pests and diseases have been investigated in 
numerous regions of the world and these are reviewed in the following sections for 
some of the most important pests and diseases. However, studies on the effect of 
climate change on rice pests and diseases in Vietnam do not exist to the best of our 
knowledge.

13.2.4  Global Warming and Pests, Diseases – Examples

13.2.4.1  Rice Blast Disease

The impacts of global temperature change on rice blast disease Pyricularia grisea 
(sexual stage Magnaporthe grisea) in three agro-ecological zones, including the 
cool subtropics (Japan and northern China), subhumid and warm humid subtropics 
(southern China), and humid tropics (Philippines and Thailand) was studied by Luo 
et al. (1998a), using a combined simulation model (Coupling of CERES-Rice with 
BLASTSIM). The simulations suggested that temperature changes had significant 
impacts on disease development in most regions. In the cool subtropics such as Japan 
and northern China, warmer temperature resulted in more severe blast epidemics. In 
warm/cool humid subtropics, rising temperature reduced blast epidemics signifi-
cantly. In contrast, lower temperature caused small difference in disease epidemics 
compared with currently prevailing temperatures. The effect of temperature change 
in the humid tropics was opposite to that in cool regions where daily temperature 
changes by –1°C and –3°C resulted in significantly more severe blast epidemics, 
and temperature increases of +1°C to +3°C reduced blast severity.

Using a similar simulation method, the effect of global temperature changes on 
risk of yield loss caused by rice blast disease was analyzed for five Asian countries 
(Japan, Korea, China, Thailand, and the Philippines). It was demonstrated that 
changes in temperature have a significant impact on the disease compared to that 
caused by changes in rainfall. The influence varied with agro-ecological zones but 
the disease would become more severe in cool, subtropical regions like Japan while 
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the model predicted disease inhibition in humid tropics and subtropics such as in 
the Philippines (Luo et al. 1998b). As the Mekong Delta has a similar monsoon 
climate to the Philippines, a reduction of blast epidemics due to global warming 
would be expected. However, the interaction of global warming with other produc-
tion factors such as ECO

2
, land use, and pesticide-use patterns makes it difficult to 

predict the effects under real field conditions.

13.2.4.2  Rice Pests

Global warming would likely result in a redistribution and altered abundance of rice 
arthropod communities with a degree of influence depending on pest species and 
populations. A change in temperature can affect any stage of the life cycle of a pest, 
which in turn can affect pest survival, reproduction, and development. For example, 
adult survival of BPH remained unchanged between 25°C and 35°C but was signifi-
cantly reduced at 40°C. It was demonstrated that warmer temperatures would increase 
BPH abundance in areas with temperatures below 30°C (Heong et al. 1995).

As temperature increases, insects that are directly limited by temperature will be 
able to expand to temperate regions rapidly. Insects of many tropical and subtropical 
species might move pole-ward from their current locations as long as their cold 
hardiness allows, because they usually lack diapause in their life cycles (Kiritani 
2006). For example, it was predicted that the rice stem borer Chilo suppressalis 
would shift northward in Japan by about 300 km if the temperature rises by 2°C 
(Morimoto et al. 1998). Analysis of long-term insect population in Japan showed 
that an increase in winter temperature increased population of the rice stem borer 
and the green rice leafhopper (Nephotettix cincticeps). The degree of change was 
much larger for the green rice leafhopper than for the rice stem borer, indicating 
a difference in the number of generations per year (Yamamura and Yokozawa 
2002). The rice stem borer is an important rice pest in the Mekong Delta (DARD 
Dong Thap 2006), but the effect of global warming on this pest under Mekong 
Delta conditions has not yet been studied. A study carried out by Kiritani (2006) in 
Japan predicted that rice stem borer may spread northward and will be more preva-
lent in the cooler time of the year, such as during the winter–spring crop (December 
to March) in the Mekong Delta.

Many rice pests are vectors for destructive viral diseases. Hence, changes in 
pest population due to global warming also influence the prevalence of some viral 
diseases associated with those pests. For example, the geographical occurrence of 
the rice strip virus disease (RSV) which is transmitted by the small brown plan-
thopper (Laodelphax striatellus) could be shifted due to the synchronization of 
planthoppers with the cultivation of rice plants. The occurrence of this disease, 
therefore, is determined by the interactions among three organisms: the rice plant, 
RSV, and the vector. Global warming will change the time when planthoppers 
occur by accelerating their development. Thus, it is expected that the geographical 
area that is potentially vulnerable to disease prevalence will shift (Yamamura and 
Yokozawa 2002).



228 Z. Sebesvari et al.

13.2.4.3  Natural Enemies of Pests

Global warming may also work in favor of natural enemies by increasing the 
number of generations more than in their host species irrespective of the type of 
agroecosystem. For example, the attack rate of Cyrtorhinus lividipennis, a natural 
egg predator of the BPH, increased in temperature range between 20 and 32°C. 
Thus, it was predicted that in areas with such temperatures there will be an 
increase in predation on BPH eggs. However, in areas with temperatures higher 
than 35°C – such as in the Mekong Delta in most times of the year – the ability 
of C. lividipennis to influence BPH population could be reduced (Song and 
Heong 1997). Biological control utilizing native natural enemies is expected to 
become a more important control tactic in the future (Kiritani 2006).

13.2.4.4  Brown Planthopper (BPH) and Rice Grassy Stunt Virus (RGSV)

In the last 5 years, the Mekong Delta has witnessed severe outbreaks of BPH 
and the virulent disease RGSV. BPH outbreaks occurred in almost all provinces 
in the Mekong Delta and caused infections of hundred thousand of hectares. The 
percentage of infected area of rice caused by some major rice pests and diseases in 
the Mekong Delta in the period 2004–2009 is illustrated in Fig. 13.1. There was a 
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Fig. 13.1 Percentage of cultivated area affected by some important rice pests and diseases in 
Southern Vietnam in the period of 2004–2008. (Data collected by the Southern Plant Protection 
Centre). BPH brown planthopper, RBD rice blast disease, RGSV rice grassy stunt virus, RLF rice 
leaf folder
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significant increase in the areas affected with BPH from 2006 to 2008. The viral 
disease RGSV also became prevalent in this period due to an increase in the area 
infected with BPH, the vector of the viral disease. Outbreaks of BPH and RGSV 
were even more severe in some provinces with intensive rice production such as 
Dong Thap, An Giang, and Tien Giang. Figure 13.2 refers to the percentage of 
infected areas caused by major pests and diseases of rice in Dong Thap province. 
The area infected by BPH increased drastically and reached 56% in the year 2008. 
Similarly, the area infected with RGSV also increased significantly.

The prevailing hot and humid weather in the Mekong Delta favors the develop-
ment of BPH in general. However, under low population densities BPH is normally 
not considered as a pest, and the outbreak of this pest is generally rare (Heong 
2008). Although climate change has often been quoted to play an important role 
in the recent severe outbreaks (Đào Xuân Học 2009), the reasons are probably 
manifold, and it is challenging to work out the share of climate change on these 
developments. First of all, intensive rice production with up to seven crops in 2 years 
creates a constant food supply for BPH. Second, management practices such as 
over-fertilization with urea, high seeding density, and the use of susceptible varieties 
favor pest development and distribution (Lam 2007). Third, intensive use of 
insecticides in the early stage of rice development harms natural enemies of 
BHP while developing a resistance to pesticides, and thus decreases the effective-
ness of pesticides used (Heong et al. 2008). Fourth, extreme weather events such as 
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Fig. 13.2 Percentage of cultivated area affected by some important rice pests and diseases in 
Dong Thap province in the period of 2004–2008. (Data collected by the Department of Agriculture 
and Rural Development, Dong Thap province). BPH brown planthopper, RBD rice blast disease, 
RGSV, rice grassy stunt virus, RLF rice leaf folder
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abnormally low or high temperatures, severe rainfall, or drought periods may 
contribute to the pest outbreaks (Chakraborty et al. 2000). The more frequent 
occurrence of El Niño events, warmer temperature with a larger difference between 
minimum and maximum temperature in the Mekong Delta in general or in Dong 
Thap province in particular in the period of 2001–2008, was considered to play a 
role in the pest outbreaks (DONRE Dong Thap 2008). The strong northeast or 
southwest monsoon winds in 2006 also spread BPH to other uninfected areas 
(Agriviet.com 2008). In addition, interactions between two or more of the above 
mentioned factors can accelerate pest occurrence. For example, global warming can 
accelerate the life cycle of BHP and increase survival of nymphs’ and adults’ fecun-
dity and egg hatch ability significantly, along with the higher nitrogen content of 
the rice host (Lu et al. 2005).

Similar severe outbreaks of BPH have been also observed in several rice 
growing regions of India and China in 2008. Recent abnormal weather patterns and 
the misuse of pesticides may have contributed to the unusual outbreaks of BPH 
(IRRI 2009). In Thailand, BPH outbreaks have caused significant yield losses in 
some rice-produ cing regions. Losses were estimated around 7–8 million tons of 
rice, which is equivalent to about 400 million US dollars in 2010 (excluding indi-
rect costs like environmental pollution due to the enhanced use of pesticide) (Heong 
2010). Results obtained from experimental and field research showed that BPH 
outbreaks are caused by the deterioration of ecosystem services which can be 
influenced by climatic events, drought or rainfall, pesticide applications, and agri-
cultural practices (Heong 2008).

13.2.5  Elevated CO
2
 (ECO

2
)

The impacts of ECO
2
 on pathogens are not easily determined due to the dynamic 

interactions between the host, the environment, and the pathogens (Ghini et al. 
2008). In a recent review by Chakraborty and Pangga (2004), it was reported that 
of the 26 diseases studied, severity of 13 diseases would increase under ECO

2
 

whereas 4 remained unchanged and 9 would decrease. Lake and Wade (2009) 
demonstrated that doubled CO

2
 concentration facilitated infection of the fungus 

Erysiphe cichoracearum (a causal agent of powdery mildew) on marrow whilst 
increased the susceptibility of the host to the pathogen infection through changes 
in stomatal density under controlled conditions. Barley powdery mildew was also 
in an earlier study demonstrated to cause more severe reduction in yield under 
higher CO

2
 levels than the normal CO

2
 concentration under controlled experiments 

(Hibberd et al. 1996). Some pathogens expressed higher fecundity or aggressive-
ness under elevated CO

2
 environments (Chakraborty et al. 2000). In addition, 

ECO
2
 or changes in temperature would also impact the resistance/susceptibility  

of the host.
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The impact of ECO
2
 on some important diseases of rice has been demonstrated 

in many studies. Rice plants grown under higher CO
2
 concentrations were more 

susceptible to leaf blast than those in ambient CO
2
, probably because of their lower 

leaf silicon content which may contribute to the increased susceptibility to leaf 
blast. The percentage of sheath blight diseased plants was also higher under ECO

2
 

condition compared to that under ambient CO
2
 concentration. This was probably 

due to the higher number of tillers observed under ECO
2
 concentration which may 

have increased the chance for the fungal sclerotia to adhere to the leaf sheath at 
the water surface (Kobayashi et al. 2006). Therefore, the positive effect of climate 
change on rice yield caused by carbon fertilization could be overshadowed by 
the negative influence of global warming on rice growth and more abundant and 
severe infestations of pests and pathogens. Most of the available studies have been 
conducted under controlled conditions; the effects might be different under field 
conditions (Ghini et al. 2008). Furthermore, most of the studies have been carried 
out on the effect of a single meteorological variable on the host or pathogen rather 
on the interactions between two or more factors (Coakley et al. 1999). Studies 
considering a combination of more than two climatic factors are not available. 
Based on the available information on the effect of climate change on rice pests and 
diseases elsewhere, it is difficult to draw any clear conclusions at the moment for 
the Mekong Delta. Therefore, comprehensive research needs to be carried out on 
this topic in the region.

13.3  Possible Impacts on Agrichemical Use Efficiency

Paddy rice production in the Mekong Delta increased steadily at a rate of 5.1% in 
the period of 1986–1995; pesticide use increased at a rate of 5% per annum. 
National demand for pesticides is around 50,000 tons, equivalent to about 500 
 million US dollars (BVSC 2010). Pesticide use in rice accounted for 65.5% of the 
total amount of pesticide use in agriculture, and insecticide use alone accounted for 
85% of the total volume (Dung and Dung 1999).

Climate change will likely affect agrichemical use efficiency in several ways. 
First of all, warmer temperatures and high rainfall may change the dynamics of 
pesticide residues on crop foliage. High-rainfall intensity could reduce the retention 
of pesticide on the foliage by increasing wash-off rates (Schepers 1996). Higher 
temperature can reduce the effectiveness of certain classes of pesticides such as 
pyrethroids and spinosad (US GCRP 2009). The complex interaction between 
rainfall intensity, temperature, and host and disease will determine pesticide-use 
efficiency (Coakley et al. 1999). Statistical analyses of pesticide use in relation to 
higher temperature and rainfall in the US showed that the effect varied greatly 
among different crops. For some crops such as corn, cotton, soybeans, and potatoes, 
higher temperatures resulted in the increased use of pesticide. In contrast, the use 
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of pesticides was reduced for wheat. More rainfall increased pesticide-usage costs 
for corn, wheat, soybeans, and potato (Chen and McCarl 2000).

Morphological and physiological changes in the host plants under changing 
climate would also have an impact on pesticide-use efficiency. Increases in canopy 
thickness and biomass under ECO

2
 conditions would reduce the effectiveness of 

pesticides on the foliage and consequently would increase the amount of pesticide 
needed. Furthermore, changes in leaf morphology such as a thicker, epicuticular-
wax layer on leaves could slow or reduce the uptake of pesticide and thus reduce 
pesticide-use efficiency (Coakley et al. 1999).

In general, the main climate drivers for changing pesticide efficiency would be 
most likely the predicted changes in rainfall intensity by causing an increased rate 
of pesticide applications to replace those removed from the plant surfaces and 
increased temperatures leading to faster degradation of the chemicals.

13.4  The Agrichemical Dimension of Climate Change 
Adaptation in the Mekong Delta

As reviewed in this chapter, climate change will likely decrease the area available 
for rice production in the Delta. As a consequence, food and income (export) secu-
rity could be met only by increasing yields per unit of land (IPCC 2007). This will 
likely put the remaining production areas under pressure, which will lead to an 
intensification of agricultural practices – i.e., also via enhanced use of pesticides 
and fertilizers. This development could be amplified by direct negative impacts on 
crops and climate-driven changes in some host and pest/disease relationships lead-
ing to an increase in the occurrence and severity of some diseases and pests by a 
potentially decreasing efficiency of pesticides at the same time. Similarly, weeds 
that are adapted to hotter climates could potentially increasingly compete with 
crops (see e.g., Tungate et al. 2007 for an example from the US) leading to an 
increased use of herbicides. Our surveys conducted in 2008 and 2009 in the 
Mekong Delta revealed that farmers rely almost exclusively on chemical responses 
to any threats to their crops. This results in large amounts of pesticides applications 
as opposed to using alternative strategies such as integrated pest management 
(Toan et al. unpublished data). Thus again, the enhanced use of pesticides would 
be a likely response of the farmers to the expected yield losses induced by pests. 
These projections deserve attention since recent pesticide use and management 
practices in the Delta are already not sustainable from environmental and human 
health perspectives. Ongoing studies at two study sites in the Delta revealed that 
a broad range of recently-used pesticides is co-occurring at detectable levels in 
field discharges and channels used for irrigation, aquaculture, and personal 
hygiene throughout the year (Toan et al. 2009). The frequent detection of pesti-
cides in the water systems of rural areas of the Delta indicates that surface water 
quality deserves special attention in these land-use settings, particularly because 
surface water often serves in rural areas as a drinking water source (GSO 2007). 
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However, surveys conducted in 2008 and 2009 showed that the improvement of 
water quality requires changes in farmers’ practices in the use of pesticides and 
the management of pesticide waste (Toan et al. 2009). Farmers – not only in the 
Mekong Delta – tend to increase pesticide use in order to compensate for crop 
losses due to pests and diseases. This practice is economically not justified  
due to higher pesticide-use costs and the resulting pollution in the environment 
(Oerke 2006). Thus, investments in the training and education of farmers will  
be necessary to promote alternative management strategies and train farmers on 
effective and safe pesticide use. However, farmer schools and training in integrated 
pest management are already in place in the Delta and are strongly promoted by 
plant protection departments and extension offices. Although farmers usually 
claim to be aware of and apply these methods, their everyday practices show oth-
erwise. The reasons for the gap between theory and practice are probably deep-
rooted and should be overcome to enhance the impact of future training and 
education programs.

Beside the promotion of integrated pest management via training and education, 
further improvement in information generation and sharing will be necessary. This 
includes better seasonal and small-scale forecasts of weather together with crop 
models that can predict yield a few months ahead of the harvest. The information 
needs to reach the farm level possibly also via innovative communication ways 
such as text messages on mobile phones.

In terms of production areas, there is a need for a balance between protections 
of arable land on the one hand and the costs for the establishment of these protec-
tion measures (dykes, sluice gates) on the other hand. Protected areas need to have 
a long-term strategy to deal with the most probable enhanced pressure in terms of 
expected yield per land area. Soil exploitation and pest outbreaks are likely to occur 
if no adaptation strategies are put in place.

Concerning crops, the development of new rice varieties which are better 
adapted to a changing climate (e.g., more drought and/or salt tolerant varieties) and 
resist better to major pests and diseases such as BPH and RGSV would be advanta-
geous with respect to decreasing or stabilizing pesticide demand. Also, an improve-
ment in agricultural practices such as crop rotation instead of three rice crops per 
year would decrease the number of pest outbreaks by creating times where food and 
hosts are not available for pests.

For some regions a promotion of organic farming could be a viable adaption 
strategy and would reduce pesticide use at the same time. Organic farming tends to 
increase soil fertility and water retention capacity in the long run (Niggli et al. 
2007). However, products from organic farming are generally more expensive to 
produce and thus the market capacity for these products will be most likely the 
limiting factor for their planting area.

While some of the above mentioned adaptation strategies will be likely  
taken up by farmers as a first-order response, other strategies need to be supported, 
facilitated, or even regulated. Table 13.1 summarizes the most likely climate 
change impacts, adaptation, and possible facilitation options in the agricultural 
sector.
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13.5  Conclusions

The consequences of climate change will likely lead to increased pesticide use in 
the Mekong Delta. The significant limitation of arable land driven by inundation 
and soil salinization in the future would likely lead to an enhanced pressure on the 
remaining arable land in terms of yield per hectare. Rice production, it needs to be 
remembered, is a matter of national policy in Vietnam (Ryan and Garrett 2003). 
Yield optimization will in turn likely require further agricultural intensification 
with corresponding high pesticide and fertilizer use. On the other hand, the impacts 
of climate change will increase the risk for some pest and disease outbreaks, while 
decreasing it for others. The risk will be probably most pronounced when several 
influencing factors co-occur and lead to unanticipated outbreaks accompanied by 
growing uncertainty in the function of the production systems. One consequence, 
particularly in view of current practices and trends, will be an increase in agrichem-
ical use and the resulting increased pollution of the environment in general and 
water systems in particular. It is thus timely to improve pest-management strategies 
in the Delta as one of many different approaches (development of new varieties, 
crop rotations, changes in farming systems, etc.) to adapt to the potential effects of 
climate change. The benefits would be immediate, resulting in more targeted pest 
management, reduced costs at the farm level, and reduced pollution of land and 
water systems. The latter would then directly reduce the exposure of humans 
and freshwater ecosystems, and therefore afford increased protection of the most 
vulnerable communities in the Delta who rely on the freshwater system for their 
everyday livelihoods. On the other hand, agricultural systems and prevailing pests 
and diseases may change more dynamically in the future. More research and policy 
attention will be required to be able to keep pace with the challenges the future will 
bring to agriculture in the Mekong Delta.
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Abstract Floods are a normal feature of the monsoon season around the Tonle Sap 
Great Lake and areas neighboring the Mekong River in Cambodia. In some years, 
floods are much more severe than others; in particular, when there is a combination 
of high discharge from upstream and a high run-off from rainfall within the area. 
Actions taken by villagers could help build resilience at household and community 
levels against these more serious floods and thus reduce the risks of disasters, 
loss of life, and costly damage. In a detailed study of impacts and responses to 
floods in Angkor Ang village in Prey Veng Province, we found evidence of major 
barriers to effective actions by villagers and other actors working at community 
and other levels. Building and maintaining resilience in flood-prone communities 
requires that attention be given to local capacity and knowledge, differences in wealth 
or poverty, gender relations, and local participation. Moreover, these factors need to 
be examined in various social processes before, during, and after major floods.
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14.1  Introduction

Several decades ago – when most households pursued livelihoods in tune with the 
regular and seasonal pulse of flood waters and relatively little physical infrastruc-
ture was at risk – annual flooding in Cambodia usually brought more benefits than 
costs (Kummu and Sarkkula 2008; Baran and Myschowoda 2009; Friend 2009). 
Floods, when higher than usual, affected only a small fraction of the population, 
caused only modest damage, and were years apart (ADPC 2002). Since 1999, how-
ever, devastating floods have become a common occurrence and have caused an 
increase in deaths, losses, and damage. Several recent floods have had severe 
impacts on agricultural production and public infrastructure. A common perception 
is that floods are becoming more extreme, frequent, and less predictable (NCDM 
2008). These changes in the flood regime may be due to climate change as well as 
the combined impacts of human activities – for instance, changing patterns of 
agricultural land-use and water-use, efforts to regulate and divert flows of water, 
and deforestation (ADPC 2007; NCDM 2008).

Between 2000 and 2002, a series of severe flood events struck the Mekong Delta 
(Few 2003). The floods in 2000 were the worst in at least 70 years. More than 3.4 mil-
lion people in 22 provinces were affected. About 347 people died; 80% of these were 
children. Physical damage was estimated at US$157 million (Council of Ministers 
2000). Floods in 2001 killed another 62 people and caused estimated losses of US$ 36 
million (Helmers et al. 2003). The 2002 floods killed 29 people, and the total extent of 
damage was over US$12 million (NCDM 2006). In 2003 and 2004, in contrast, the 
seasonal flooding was less than normal and led to concerns about drought (MRC 2005). 
In those 2 years, Cambodia also had a strong dry season, and lakes in the deepest part 
of the flood plain completely dried out. While some areas of the country were affected 
by drought, rice crop losses did not result in a national disaster (Hak 2005).

The huge losses in terms of human death, physical infrastructures, agricultural 
yields, and livestock may be an indicator that households and local communities 
are no longer be resilient to floods. Frequent disasters contribute to the high levels 
(30%) of current poverty (NIS 2008) and represent an on-going challenge for 
human development. Poverty is also an important factor in determining vulnerabil-
ity to floods. Building community resilience is a big challenge in poor villages 
where most residents have no or limited access to natural, human, financial, mate-
rial, and social resources. Community-based disaster management is recognized by 
the Cambodian government (NCDM 2004) as important to reducing vulnerabilities 
and improving capacities to cope with adverse consequences of floods. At the same 
time, sustainability of interventions by external governments and non-state agencies 
is an important concern as there is always the danger of losing impetus when 
 outside support ends (Weerasinghe 2007).

Floods, it should be emphasized, are a normal feature of the monsoon season 
around the Tonle Sap Great Lake and banks of the Mekong River. The seasonal 
flood pulse is particularly important to fisheries but also for the replenishment of 
agricultural soils (Kummu and Sarkkula 2008; Baran et al. 2007). Floods become 
disasters for rice farmers when they come too early in the crop growing cycle and 
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destroy rice seedlings before transplanting, or when water levels are too high for too 
long and destroy established wet season rice crops (Helmers and Jegillos 2002). Two 
distinct types of floods can be recognized. First, “river floods,” caused by high rain-
fall upstream in the Mekong River basin, usually affect provinces bordering the 
Mekong River in the south-east. Second, “combined floods” caused by the combina-
tion of high discharge in the Mekong River and high run-off from heavy rains within 
the Tonle Sap Lake region and southern provinces have major impacts on provinces 
around the lake and the southern provinces (ADPC 2002). This chapter explores the 
impacts on households living along the Mekong River in Cambodia and the 
responses by various actors to reduce risks of flood-related disasters. Special empha-
sis is placed on understanding local participation in disaster-risk management.

14.2  Study Area and Methods

This chapter is based on work carried out at several administrative levels in Prey Veng 
province in mid-2008. Prey Veng is in the plain region and has a border with Vietnam 
(Fig. 14.1a). It has a total population of just less than one million, of which more than 
80% are farmers and 14% are fishermen according to provincial statistics.

Fig. 14.1 (a) Map of Cambodia showing location of Prey Veng Province, Mekong River channels, 
other major tributaries, and Tonle Sap Lake 
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Peam Chour district is bound by the Mekong River and the tributary Tonle 
Touch (Fig. 14.1b). The district has a total population of just over 67,000 made up 
of four main ethnicities: Khmer, Vietnamese, Cham, and Malay (MoAFF 2003–
2007). Most people consider themselves farmers (83%) or fishermen (6%).
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At the commune level, Angkor Ang commune includes five villages. We studied 
one of these – Angkor Ang village – more closely. It had 397 households. A sample 
of 140 households was selected for interviewing using stratified random sampling 
across two wealth classes – poorer households and better-off households – and 
gender. The wealthier class strata was identified by local leaders and villagers in a 
community meeting using a wealth ranking approach based on assets; in particular, 
by the type of home. These were relative groupings – in this community, a “better-
off” household may still be close to the poverty lines at the national level. 
Information was also gathered through field observations, by attending community 
meetings, and through mapping exercises with residents.

In the data analysis, both qualitative and quantitative analyses were used. The 
statistical package for social science (SPSS) software was used for data processing 
and analysis for both descriptive analysis and statistical analysis. A key method 
used in this study was logistic regression for exploring binary “outcome” variables 
describing disaster-risk management measures, services and participation in com-
munity activities, and variables describing household and informant characteristics. 
As a multivariate technique this approach has the added advantage of being able to 
consider patterns of association and taking into account associations with other 
confounding variables.

14.3  Results

For the decade 1999–2008, the most serious flood in Prey Veng was clearly in 2000. 
The floods in 2001 and 2002 were also more serious than other years (Table 14.1). 
In 2000, water levels at the Mekong-Neak Loueng station peaked at just over 8.0 m 

Table 14.1 Severity of floods and droughts during 1999–2008 in Prey 
Veng Province and flood damage at national level in Cambodia (Source: 
NCDM 2009, 2010)

Year Drought severity Flood severity
Flood damage  
(US$ million)

1999 Low Low n.d.
2000 Low High 161
2001 Low Medium 36
2002 Low Medium 12
2003 High Low n.d.
2004 High Low 55
2005 Medium Low 4
2006 Low Low 12
2007 Low Low 9
2008 Low Low 6
2009 Low Low n.d.
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in mid-September, whereas the mean peak for 1990–2008 was around 7.0 m at the 
end of September (MWH 2010). The annual reports of the National Committee for 
Disaster Management (NCDM) for 2006–2009 indicate there was little or no flood 
damage in the country during those years that could be linked to hydrological con-
ditions along the Mekong mainstream, the Bassac, or in the Tonle Sap Basin 
(NCDM 2010).

14.3.1  Flood Disaster Management in Peam Chour District

Due to its location, Peam Chour district is regularly exposed to floods from the 
Mekong River and its tributaries. As part of the National Strategy on Disaster 
Management flood-prone districts establish a committee to oversee disaster risk 
reduction programmes. The Peam Chour committee has as its chair the District 
Governor, and as its vice chairs, Deputy Governors. Military and other district 
officers make up the other committee members. The committee works closely with 
other national and international organizations.

Information on the annual effects of flooding has been recorded by the Peam 
Chour Committee. According to their reports, virtually the entire (94%) of the dis-
trict is “vulnerable” (NIS 2008). Angor Ang commune is considered the most affected, 
and the entire population is classified as “vulnerable.” Floods in 2000, 2001, and 
2002, for example, had major impacts (Table 14.2).

Table 14.2 Impacts of flood disasters in Peam Chour district (Source: ADPC 2007)

Damages/victims 2000 2001 2002

Affected communes 10 (50 villages) 10 (40 villages) 10 (35 villages)
Human deaths 12 08 0
Human injuries N/A N/A 360
Affected individuals 59,283 1,528 4,626
Animal deaths 246 139 N/A
Affected houses 123 N/A 3,245
Damaged houses 123 162 09
Damaged wet season rice 3,624 ha 1,785 ha 1,060 ha
Damaged crops 1,905 ha 2,840 ha 115 ha
Damaged roads/trails 10,482 m 7,258 m 16,000 m
Affected schools 13 32 N/A
Damaged schools N/A 1 N/A
Damaged dams 3,271 m N/A 11,487 m
Damaged canals 4,317 m N/A N/A
Damaged water gates 13 N/A N/A
Damaged bridges 8 5 11

N/A Not Available
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Floods in 2001 killed eight people and damaged rice and food crops. It was 
remarkable that there were no human deaths in the 2001 flood, as the destruction of 
roads and trails was high (DCDM-Peam Chour 2007). The sequence of devastating 
events increased awareness about, and led to several efforts to improve, flood disaster-
risk management at the district level. Governmental agencies, the Red Cross, and 
development partners have paid attention to capacity building, training, and early 
warning systems. Several national and international organizations work in the Peam 
Chour district, including UNICEF, Community Economic Development Assistance 
Corporation (CEDAC), CARE, Socioeconomic and Data Applications Center 
(SEDAC), and Asian Pacific Development Center (ADPC), as well as some micro-
finance institutions such as PRASAC, AmRath (EMT), and ACLEDA Bank Plc. 
Many have contributed to rehabilitation and recovery work stemming from major 
flood events or to more general efforts at alleviating poverty’ (DCDM-Peam Chour 
2009). But none have permanent offices in the study village.

14.3.2  Flood Disaster in Angkor Ang Village

The pattern of flood severity during the period 1999–2007 in Angkor Ang Village 
was similar to that at the district level (Table 14.2). The flood in 2000 was the most 
severe and killed six people. In the period prior to this; in 1997, three people died 
in another severe flood year; and in 1998, one person died in what was a low-flood 
year. In the 2000 floods, water levels rose over 1.5 m in just one day. After the 
2000 flood event, people became more aware of the risks and more interested in 
prevention and preparedness. There have been no flood deaths since 2000, 
although agricultural activities and infrastructure have still been impacted. 
“Combined” floods with high peak flood heights occurred in 1997, 2000, 2001, 
and 2002. In other years, floods were a simple river-flood type. These findings 
suggest that local people have become more resilient and have learnt to prepare or 
cope with unusual annual floods.

At the community level, early warning systems include a local water level meter 
with a red mark and an information board near the commune head’s house (Fig. 14.2).

In focus group discussions held in mid-2008, villagers were clearly aware – 
often from recent experiences, but also from traditional knowledge – about the 
potential impacts of floods. At the same time, efforts to reduce risks at the com-
munity level were limited as a result of the lack of both local initiative and on-going 
external support. Villagers were particularly at a loss about what to do in the more 
unusual and severe “combined floods” as opposed to the more routine “river 
floods.” The main flood-disaster response was focused on the event alone and on 
meeting urgent, emergency needs, like piling up sandbags to hold back water and 
transporting people to safety. Neighbors also helped fix damaged homes. One indi-
cator of underlying limitations at the community level was that villagers were afraid 
property would be stolen if they left their houses during a flood.
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14.3.3  Household Impacts

Interviews with individual households provided more detailed information on the 
impacts of the 2007 floods (Table 14.3). The most common concern was fear that 
temporarily missing family members had died; although in the end, nobody from 
the village died from the floods. Health problems following floods were also 
common for all types of households. Problems with sanitation and in securing clean 
drinking water resulted in diarrhea and other water-related illnesses. Most villagers 
drink and use water for cooking without boiling it. Contamination from agricultural 
chemicals may also have been a factor in the emergence of health pro blems after the 
flood. Access to health care is also a factor; the nearest primary health care facility was 
in a town more than 30 km2 away, with relatively high transport costs for poor families. 
Although women did not suffer more than men from health problems, their burdens 
as care-takers were higher. Analysis by logistic regression suggests that households 

Table 14.3 Impacts of 2007 floods on different types of households in Angkor Ang 
village (n = 70 in each group)

Impacts Poorer households (%) Better-off households (%)

Fear that missing family 
members had died

83 89

Illness or disease 73 61
Property/facilities lost 69 51
Crop/rice destroyed 24 17
Home damaged 37 10

Fig. 14.2 Information board with water-level reports in front of the commune head’s home
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with illness or disease impacts were less likely (Odds Ratio or O.R. = 0.44,  
P < 0.05) to contain five or more family members.

Households with significant property or facility losses were more likely to be 
poor (Table 14.3, O.R. = 2.4, P < 0.05) and much less likely to have large families 
(O.R. = 0.20, P < 0.001). There were no significant associations between having 
crops or rice fields destroyed and income level, gender, family size, or levels of 
male or female education.

The largest difference between poor and wealthier households was that the former 
were more likely to suffer from damages to their homes due to floods and associated 
storms (Table 14.3, O.R. = 5.3, P < 0.001). Those with stronger houses also did not 
need to retreat to a place of higher elevation during high flood waters. While most 
houses in this area are built on stilts, stronger houses often use concrete pillars with 
strong foundations and have well attached walls and roofs that are much less 
affected by flood waters and winds in associated storms (Fig. 14.3).

Apart from their roles in specific tasks, we also asked if there were certain activi-
ties for which men or women had to spend additional time in order to recover liveli-
hoods and regain household security after floods (Table 14.4). This dimension of 

Fig. 14.3 (a) Flimsy houses typically built by poorer households. (b) Stronger houses built by 
better-off households

Table 14.4 Comparison of activities for men and women which took additional time for them to 
recover their livelihoods

Livelihood recovery  
activities

Women (% of 
households)

Men (% of 
households) Adjusted odds ratio

Agriculture 54 64 0.63
Livestock 57 60 0.91
Firewood collection 37 79 0.07
Fishing gear 9 6 1.5
Home utensils 76 46 4.2
Rice stock 20 50 0.22
Off-site income work 3 9 0.32

Odds ratios from logistic regression analysis were adjusted for income level, family size, and 
education variables. Significant odds ratios are shown in bold font



250 S. Sok et al.

“impact” might also be thought of as mitigation responses to reduce the impacts of 
floods (see next section). Men were more likely to spend extra time in the recovery 
of rice stock than women (O.R. = 0.22, P < 0.001); whereas women were more 
likely to spend extra time on preparing utilities (O.R. = 4.2, P < 0.01). For all other 
activities – agriculture, livestock, fishing, and off-site work, there were no gender 
differences (Table 14.4). Households requiring additional time to recover agricul-
ture (O.R. = 2.8, P < 0.01) or prepare utilities (O.R. = 2.1, P < 0.05) were more 
likely to be better-off. Households requiring more time for fuel collection were 
likely to be poorer (O.R. = 0.06, P < 0.001).

14.3.4  Household Flood Disaster Risk Management

Four types of measures for reducing flood-disaster risks were considered 
(Table 14.5). Associations between these measures and several household and indi-
vidual characteristics were explored using logistic regression. Preventive measures 
were significantly more likely in better-off than poorer households (O.R. = 7.3, 
P < 0.001) but not associated with differences in gender, family size, or achievement 
of formal education by men or women. We looked in more detail at the roles of men 
and women in a set of specific, prevention-related activities prior to floods. For most 
tasks such as preparedness planning, mitigation planning, impact assessment, social 
mapping, community meetings, public campaigns, and voluntary work there were 
no gender differences. With respect to capacity building, women, however, were 
less likely to be involved than men (O.R. = 0.28, P < 0.01). Information sharing was 
less likely for women (O.R. = 0.42, P < 0.05) and more likely in better-off house-
holds (O.R. = 2.4, P < 0.05).

The facilities and infrastructure available in the community for rescue and 
 emergency responses were limited for both types of households in the village 
(Table 14.5). They included a small rescue boat provided by CARE International 
and two areas of higher ground where people retreated in the high floods of 
2000–2002. The local response strategy mainly involved the use of sand bags, but 
these were only effective in low and moderate floods. There was no difference in 
rescue and emergency response measures by income level (Table 14.5), gender, 
family size, or achievement of formal education by men or women.

Table 14.5 Indicators of performance in flood-disaster risk management in Angkor Ang village-
measures taken before, during, and after floods by individuals and households

Performance indicators Poorer households (%) Better-off households (%)

Flood disaster risk reduction
Preventive measures 20 63
Rescue and emergency responses 9 13
Rehabilitation and reconstruction of 

public infrastructure
11 20

Flood impact mitigation 23 37
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We looked in more detail at the roles of men and women in a set of specific 
 coping and emergency-related activities during floods. Women had larger roles in 
collecting valuable property and taking care of family members (Table 14.6). 
Men had larger roles in helping flood victims and getting new information. A few 
other associations were significant. Women with formal education were more 
likely to be engaged in collecting valuable property (O.R. = 3.5, P < 0.01). Women 
taking on the roles of tending to family members and securing daily food was less 
likely in better-off households (O.R. = 0.01 and O.R. = 0.13, P < 0.001, respec-
tively) presumably because these households tended to be much less impacted by 
flood events.

Since the government is unable to afford the costs for the rehabilitation and 
reconstruction of public infrastructures damaged in floods, local authorities have 
solicited contributions from the local residents and NGOs. Better-off households 
have more resources to contribute financially or in the form of materials. Poor 
households pay more with their labor and time to disaster management. Overall, 
the contributions of poorer and better-off households were not significantly 
different (Table 14.5). Local support for rehabilitation work prioritizes repairs to 
schools and roads and important public infrastructure in the period before exter-
nal support arrives. There was no difference in rescue and emergency response 
measures by income class (Table 14.5), gender, or achievement of formal educa-
tion by men or women.

There was no association between likelihood of undertaking flood mitigation 
measures and income level (Table 14.5), gender, family size, or achievement of 
formal education by men or women. We also looked in more detail at the roles of 
men and women for a set of specific mitigation-related activities after floods 
(Table 14.7). Health care and prevention was more likely to involve women than 
men, as was the acquiring of loans for flood relief measures. Health care services 
were less needed by better-off households (O.R. = 0.33, P < 0.01). Helping others, 
working in rehabilitation and construction, and collecting property was done more 
by men (Table 14.7).

Table 14.6 Comparison of the roles of men and women during floods (n = 70 in each group)

Roles
Women (% of 
households)

Men (% of 
households) Adjusted odds ratio

Collecting valuable property 81 54 4.6
Taking care of family members 49 29 13.3
Helping other victims 34 80 0.13
Taking care of livestock 17 24 0.61
Getting new information 34 64 0.30
Sharing information 33 47 0.57
Seeking daily food 47 57 0.58

Odds ratio adjusted for income class, family size, and education variables. Significant odds ratios 
are shown in bold font
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14.3.5  Agency Services and Public Participation

Poorer and better-off households in Angkor Ang village had similar perceptions 
of the quality of work and services performed by different types of agencies 
(Table 14.8). No evidence of association was detected between the organizations/
agencies and the candidate predicators of gender, family size, and the formal educa-
tion of men and women (determined through logistic regression). In discussions, 
villagers said that external assistance has only been prominent in major floods and 
when there had been deaths.

Three indicators of local participation were considered in this study: awareness, 
decision-making, and involvement in activities (Table 14.8). Levels of participation 
in disaster risk management activities were similar for poorer and better-off house-
holds (Table 14.8). No significant associations were detected between the three 
participation variables and the other candidate predicators (determined used logistic 
regression); including, gender, family size, and whether or not men and women 
heads of household had a formal education. It should be noted that almost half the 
women (47%) and a third of the men (29%) in the study group had no formal educa-
tion. Awareness and engagement in decision-making were not closely related to 
education levels, as might be expected.

Table 14.8 Indicators of performance in flood-disaster risk management in Angkor Ang village: 
quality of work and services provided by agencies and the levels of local participation

Performance indicators Poorer households (%) Better-off households (%)

Work and services
Government agencies 18 10
Humanitarian aid agencies 11 7
Commune council 34 33
Non-government organizations 20 17

Local public participation
Awareness of activities 81 76
Involvement in decision making 51 60
Participation in activities 67 61

Table 14.7 Comparison of the roles of men and women after the floods

Roles
Women (% of 
households)

Men (% of 
households) Adjusted odds ratio

Health care service 66 24 7.4
Support and relief 16 29 0.47
Rehabilitation/construction 36 79 0.15
Soliciting loans/funding 59 30 3.4
Collecting of property 29 53 0.35
Helping others 17 69 0.09
Health prevention 66 29 4.8

Odds ratio adjusted for income class, family size, and education variables. Significant odds ratios 
are shown in bold font
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Awareness was higher than engagement with regard to decision-making. 
Awareness functioned largely in terms of local experience; knowledge about mod-
ern technologies and other measures to reduce risk was more limited. Participation 
in decision-making in the community, overall, was modest, and rarely extended 
beyond attending meetings run by external agencies. According to information we 
gathered at a community meeting with the villagers and the village head, the par-
ticipation of local villagers in disaster-risk management was dependent on external 
initiatives, such as activities run by NGOs. For many poor households, participation 
in meetings run by local NGOs is often driven by incentives, such as allowances 
for “transport.” When there is no incentive, they do not participate.

14.4  Discussion

Seasonal floods are part of normal life for communities living along the Mekong River 
in Cambodia. In some years, floods are much more severe than others, especially when 
there is the combination of a high discharge from upstream and a high run-off from 
rainfall. Actions taken by villagers could help build resilience at the household and 
community levels to these more serious floods and thus reduce the risks of disasters 
which cause loss of life and costly property damage.

Based primarily on our findings in Angkor Ang village on the banks of the 
Mekong River in Cambodia, but with some additional insights from impacts and 
responses to floods at larger jurisdictional levels, we conclude that the effectiveness 
of actions by villagers and others to build and maintain flood resilience in the com-
munity has been modest. Five groups of factors appear to influence effectiveness 
and thus should be targeted in future interventions. First, local resources and know-
ledge may simply be insufficient to deal with extreme and unusual events. There is 
evidence that the severe “combined” flood in 2000 was beyond the response capaci-
ties of the community. Facilities for emergency relief and rescue operations were 
very limited. Early warning systems at the time were inadequate, and the commu-
nity was not well prepared for an event of such magnitude. In subsequent years, 
awareness was much higher, but local initiatives remained hampered by lack of 
leadership and resources. In these unusually difficult flood situations, cross-level 
links to the district, provincial, and national levels of support are very important, 
but they appear to have been under-developed. Committee structures to improve the 
coordination of disaster management have since been established, but their effec-
tiveness has not yet been tested by another more extreme flood event.

Second, poverty at the household level has important multi-dimensional conse-
quences for vulnerabilities and response capacities. Information sharing before 
floods, for example, was more likely in better-off households. Poorer households 
were less likely to take preventative measures because they did not have adequate 
resources to do so. Poorer household also had homes that were not as well con-
structed and thus vulnerable to flood water and wind damage. Damage to homes 
was a major problem for poorer households and reflects the importance of poverty 
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reduction and rural development initiatives, more generally, in reducing burdens 
and risks from flood-related disasters.

Third, interventions need to take into account existing gender relations and 
norms. For example, in pre-flood, preventative activities, women were less likely 
to be involved in capacity building and information-sharing activities. Women 
are also much more likely to have roles related to health management. Given the 
prevalence of illness and diseases after floods, this implies that interventions 
should pay special attention to women’s roles and experience as care-givers, 
while not ignoring the need to draw the attention of men to health issues. 
Acquiring loans for recovery was another domain where the role of women was 
prominent and thus important to take into account in building community resil-
ience to flood disasters. Insufficient consideration of gender relations may lead 
to flood-disaster risk interventions that leave women even more dependent on 
men than before.

Fourth, meaningful participation of women and men in disaster-risk management 
needs to be expanded. The most important barrier when initiatives are externally 
driven is that the benefits of participating in planning and training meetings are often 
unclear. Villagers who attend meetings are passive, as they feel intimidated by 
 conveners from government and non-government organizations with much higher 
education levels. They are also skeptical that their inputs and efforts would influence 
decisions. Some participants also worry about costs, are concerned about the loss of 
their time, and are thus only interested in attending if there is sufficient compensation 
for “transport” or other clear incentives. Important barriers when initiatives are more 
internally initiated and driven include the lack of trust – the latter illustrated by 
people’s fear of leaving homes and property unattended and thus placing themselves 
at greater risk from rising flood waters.

Fifth, the capacity and quality of engagement in community-based organiza-
tions needs to be improved. If villagers could meet in advance to discuss problems 
and issues faced in the community, collective action would be easier, including 
when they must deal with external agencies. Currently, community-based organi-
zations struggle to prioritize problems, needs, and issues; and as a consequence are 
not as effective as they might be in influencing the annual commune-investment-
plan development and leveraging support from NGOs and humanitarian agencies. 
Most issues and solutions remain based in the efforts of individuals and families 
with little opportunity for collective community action. Many of the problems 
faced by women, the elderly, and children are left out as well, as men dominate 
interactions.

In summary, building resilient communities in locations like Angkor Ang 
requires attention to local capacity and knowledge, differences in income level, 
gender relations, and local participation. These issues need to be examined in the 
social processes that take place before, during, and after major floods. Monitoring 
and evaluation systems are also critical, as they provide opportunities for learning 
to take place within and among communities at different jurisdictional levels, with-
out having to wait for disaster to strike at home.



25514 Role of Villagers in Building Community Resilience Through Disaster Risk

References

ADPC (2002) Mitigating flood risk in Cambodian communities empowering communities to 
manage disaster risk. The Asian Urban Disaster Mitigation Program, The Asian Disaster 
Preparedness Center, Pathumthani

ADPC (2007) Disaster management policy, legal and institutional arrangement and plans in 
Cambodia. The Asian Disaster Preparedness Center, Pathumthani

Baran E, Myschowoda C (2009) Dams and fisheries in the Mekong basin. Aquat Ecosyst Health 
Manage 12(3):227–234

Baran E, Jantunen T, Kieok CC (2007) Values of inland fisheries in the Mekong River basin. 
World Fish Center, Phnom Penh

Council of Ministers (2000) Flood damage estimates. Royal Government of Cambodia, Nov 2000
DCDM-Peam Chour (2007) Flood disaster preparedness programme. Peam Chour District, Prey 

Veng Province 2006–2007, Phnom Penh
DCDM-Peam Chour (2009) Flood disaster preparedness programme, Prey Veng Province  

2009–2011, Phnom Penh
Few R (2003) Flooding, vulnerability and coping strategies: local responses to a global threat. 

Prog Dev Stud 3:43–58
Friend RM (2009) Fishing for influence: fisheries science and evidence in water resources devel-

opment in the Mekong basin. Water Altern 2(2):167–182
Hak M (2005) Cambodia country report for third annual Mekong Flood Forum, Lao PDR, 7–8 

Apr 2005
Helmers K, Jegillos S (2002) Linkages between flood and drought disasters; flood impact on 

women and girls, Prey Veng Province Cambodia. CARE-International, Phnom Penh
Helmers K, Gibson J, Wallgren P (2003). Rural Sources of Income and Livelihood Strategies 

Study, Final report, Washington DC
Kummu M, Sarkkula J (2008) Impact of the Mekong River flow alteration on the Tonle Sap flood 

pulse. Ambio 37(3):185–192
MoAFF (2003–2007) Profile of Prey Veng. The Ministry of Agriculture, Forestry and Fisheries, 

Phnom Penh
MRC (2005) Impact of the 2005 flood in Cambodia. Impact of the 2005 flood – country reports. 

The Mekong River Commission Secretariat, Phnom Penh
MWH (2010) Department of hydrology and river work. The Ministry of Water and Hydrology. 

On-line: http://www.dhrw-cam.org/hydrograph.php?action=image&hy_cat_id=&hydroid=72. 
Accessed Aug 2010

NCDM (2004) Policy document. The National Committee for Disaster Management, Phnom 
Penh

NCDM (2006) Disaster information management and database. The National Committee For 
Disaster Management, Phnom Penh

NCDM (2008) The disaster situation and disaster risk management in Cambodia. The National 
Committee for Disaster Management, Phnom Penh

NCDM (2009). Cambodia country report 2008. The National Committee for Disaster Management, 
Phnom Penh.

NCDM (2010) Cambodia country report 2009. The National Committee for Disaster Management, 
Phnom Penh

NIS (2008) General population census of Cambodia 2008. The National Institute of Statistics, The 
Ministry of Planning, Phnom Penh

Weerasinghe B (2007) ‘Critical mass’ for community disaster resilience. In: Gunawardene N, 
Noronha F (eds) Communicating disasters – an Asia Pacific resource book. TVE Asia Pacific/
UNDP, New York, pp 112–114

http://www.dhrw-cam.org/hydrograph.php?action=image&hy_cat_id=&hydroid=72


Part IV
Human Responses  

to Environmental Change



259M.A. Stewart and P.A. Coclanis (eds.), Environmental Change and Agricultural 
Sustainability in the Mekong Delta, Advances in Global Change Research 45,
DOI 10.1007/978-94-007-0934-8_15, © Springer Science+Business Media B.V. 2011

Abstract Floodplains are characterized by a period of several months when the 
land is not available for agriculture and large and open areas are used for fisheries. 
Enclosures in the flooded areas can be utilized to produce a crop of stocked fish, in 
addition to naturally occurring self-recruited species. The WorldFish Center and the 
Research Institute for Aquaculture no2 (RIA 2) tested options for community-based 
fish culture in floodplain enclosures in the Mekong Delta. The trials yielded fish 
production in the range of 61–179 kg ha−1. Results indicate that the models tested 
are sensitive and dependent on flood patterns and limitations imposed by the rice 
culture calendar. Other technical challenges included a short grow-out period and 
fingerling size. These initial trials have shown that community-based fish culture 
is an innovative approach for the Mekong Delta and has the potential to provide an 
alternative livelihood option in the face of environmental change and development. 
To increase uptake, the technical design of the approach could be further optimized, 
and mechanisms for community participation could be enhanced to increase eco-
nomic incentives for adoption of the technology by farmers.
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15.1  The Delta Environment

In the Vietnamese Mekong Delta, an area of 1.2–1.9 million hectares is annually 
flooded; one million hectares are inundated by floods of more than 1 m. Yet 
this flooded environment has been exposed to developments that have trans-
formed the floodplains, bringing them under increased control. The intensification 
of rice culture, including the spread of high-yielding rice varieties (HYV) and the 
development of flood control, drainage, and irrigation systems in floodplains and 
Deltas has led to the replacement of deep water rice with two or even three HYV 
irrigated rice crops in the dry season, followed by a fallow period during the flood 
(Kakonen 2008). In recent years, the floodplain has provided an important resource 
for the development of fresh water aquaculture, particularly for the intensive pro-
duction of pangasids. Between 2000 and 2006, the aquaculture area in the Mekong 
Delta increased by 39%, and in 2007 aquaculture in the Mekong Delta represented 
72% of the national production. However, intensive aquaculture in cages or ponds 
is not necessarily an option accessible to poor farmers in the floodplain, and the 
environmental cost of these production systems is significant (GTZ 2005).

The Mekong Delta is characterized by constant change and very high land and 
water productivity (Pech and Kengo 2008). Climate change is likely to bring more 
change to this dynamic environment, as recent studies on climate change indicate that 
the runoff throughout the Mekong Basin is expected to increase by 21% (Eastham 
et al. 2008), and annual flood volumes are likely to increase with greater peak flows 
and longer duration of flooding compared to historical conditions. It is estimated that 
the average area of flooding in the Mekong Delta is likely to increase by an annual 
average of 3,800 km2. At the same time, projection scenarios for agricultural produc-
tivity and population growth relate a high probability of food scarcity (Eastham et al. 
2008). Floodplain aquaculture and more generally agrarian systems will have to 
evolve in order to cope with these environmental changes and to sustain not only 
economic growth but also the livelihoods of farmers in the Mekong Delta.

15.2  Community-Based Aquaculture

15.2.1  Design and Approach

Flooded areas are considered to be relatively “unproductive,” as valuable agricul-
tural land is submerged for part of the year, creating open access water bodies. Yet 
these seasonal water bodies provide an opportunity to increase water and land 
 productivity by integrating fish culture in seasonally inundated rice fields. Enhanced 
water productivity is the basis for the community-based fish culture concept, which 
has been tested by the WorldFish Center and national research partners in five 
countries1 since 2005.

1Bangladesh, Cambodia, Vietnam, China, Mali.
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Community-based fish culture aims to provide an option for households in 
 seasonally-flooded areas to benefit from fish culture, where the costs of individual 
aquaculture systems are prohibitive. Governed by the same technical design principles 
as individual aquaculture systems, such as size and stocking density of cultured fish, 
community-based aquaculture also introduces institutions for managing fish culture on 
a collective basis. Pilot testing of the approach therefore involved both a technical and 
an institutional component, with the outcome of fish culture equally dependent on 
 successful community management as it was on the profitable production of fish.

In Bangladesh, decades of experience in community-based fisheries have supported 
the development of fish culture systems, implemented on a community basis, which 
are now generating important benefits for both landowners and landless fishers. The 
success of the approach suggested that other floodplain communities in Asia and 
Africa may also benefit from increased productivity during the flood season. This has 
led to the dissemination and testing of community-based fish culture in Cambodia, 
Vietnam, China, and Mali.

In the Mekong Delta, fingerlings were stocked in flooded rice fields after the rice 
harvest in August, during the early stage of the flood. Flood control infrastructure in the 
form of dikes surrounding rice fields provided a boundary for fish culture sites. 
Participation in the fish culture trials was based on ownership of land within the bound-
ary of the selected project site, with members organized in a group to oversee the fish 
culture activities and to accomplish basic administration and record keeping. Fish are 
harvested and sold when the rice fields are drained, at the end of the flood in December. 
Between 2006 and 2009, nine sites in Can Tho, Dong Thap, An Giang, and Vinh Long 
provinces were selected to test the fish culture model.2 Fish culture groups were pro-
vided with funds in the first year of fish culture trials to purchase fingerlings and materi-
als for maintaining the site boundary. If fish culture was successful, it was expected that 
some of the income would be returned to a central fund to support the purchase of 
 fingerlings the following year, encouraging self-sufficiency of the farmer group.

Assistance and technical support were provided by the local Department of 
Fisheries (DoF) and RIA 2. At some sites, additional financial support for dike 
maintenance and improvement was provided by the commune.

15.2.2  Site Selection

We present the results and analysis of some of the project sites in Can Tho, Vinh 
Long, and Dong Thap provinces. The technical design, including the area or 
fish species stocked and the benefit sharing agreements, is presented in Tables 15.1 
and 15.2. Fish culture was implemented in areas where two rice crops per year or 

2 In 2006 in four sites in Dong Thap (one site – Phu Cuong – Tam Nong), An Giang (one site – 
Vinh Hanh – Chau Thanh) and Can Tho (two sites – D1 Thanh Thang – Vinh Thanh and Thoi 
Dong – Co Do). In 2007 in four sites (three in Can Tho D1, C2 Thanh Thang – Vinh Thanh, 
Truong Phu B Co Do) and one in Vinh Long (Tan Hung, Binh Tan) In 2008 in one site in 
Dong Thap (Truong Xuan Thap Muoi). In 2009 two sites in Dong Thap province (Truong Xuan, 
Hung Thanh – Thap Muoi) and one site in Can Tho (D1 Thanh Thang – Vinh Thanh).
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Table 15.1 Characteristics of the project sites in Vietnam

D1 C2 Trung Phu B Hung Binh Truong Xuan

Province Can Tho c Can Tho Can Tho 
city

Vinh Long Dong Thap

District Vinh Thanh Vinh Thanh Co Do Binh minh Thap Mouy
Rice cropping Double Double Triple Triple Double
Flood period Aug. to Nov. Aug. to Nov. Sept. to Nov. Sept. to Nov. Aug. to Nov.
Max water 

level in 
2007 or 
2008

102 cm, 1st 
week of 
November

106 cm, 1st 
week of 
November

60 cm, 1st 
week of 
November

63 cm, 1st 
week of 
November

>100 cm in 
November 
(2008)

Project site 
area (ha)

65 (2005–
2007)

48 39 26 90 (2008)

19 (2009) 120 (2009)
Sharing  

benefit
Area owned 

(2006, 
2007)

Area owned Area owned Membership Membership

Membership 
(2009)

Households 
involved  
in the 
project

34 (2005, 
2006)

28 28 5 13 (2008)

7 (2009)30 (2007)
11 (2009)

Table 15.2 Production (kg), yield (kg ha−1) and economic results of the community based fish 
culture (1 USD = 17,429 vnd in 2008; 1 USD = 16,000 vnd in 2005, 2006, and 2007)

Year of 
culture

Cultured fish 
production 
(kg)

Cultured  
fish yield  
(kg ha−1)

Wild  
fish yield  
(kg ha−1)

Operational 
cost  
(USD ha−1)

Net return 
(USD ha−1)

Vietnam
D1 2006 11,271 173 m.d 74 −4
D1 2007 8,052 124 38 39 41
D1 2009 3,403 179 31 21 −9
C2 2007 5,511 114 10 65 13
Trung Phu B 2007 4,935 126 10 21 16
Hung Binh 2007 2,191 84  8 50 −23
Truong Xuan 2008 5,900 61 6 + 31a 31 −6
Truong Xuan 2009 10,822 90 9 + 12b 41 −8

m.d missing data
a 6 kg ha−1 harvested by the group and 31 kg ha−1 estimated harvest by landowners when the water 
level was lower than rice field’s dike
b 9 kg ha−1 harvested by the group and 12 kg ha−1 estimated harvest by landowners when the water 
level was lower than rice field’s dike

three rice crops per year were produced. In the latter case, the water level and flood 
period are shorter, with two sites with a flood depth of less than 100 cm and rice 
fields flooded later in the year – in September rather than August.
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Regulations governing access to the water body during the fish-culture period, 
duties of each member of the group, and benefit sharing arrangements were dis-
cussed during a general meeting facilitated by RIA no 2 at the start of the trial. In 
all sites, fishing in the fish-culture area during fish grow-out was prohibited, for 
members and for non-members.

The model is based on extensive fish culture of species suited for floodplain 
 aquaculture, such as common carp (Cyprinus carpio), bighead carp (Hypophthal
michthys nobilis), and silver carp (Hypophthalmichthys molitrix). In a few cases grass 
carp (Ctenopharyngodon idella) was also stocked. Only in one site, in Can Tho prov-
ince, high value species such as snakehead (Channa striata) and red tilapia 
(Oreochromis sp) were nursed and stocked. Production was based on the availability 
of natural food in the water body.

In addition, a series of surveys was implemented in some of the project sites to 
understand the constraining and enabling factors for collective aquaculture in 
floodplains. The survey was based on semi-structured interviews with project ben-
eficiaries and non-beneficiaries to understand the process of project implementa-
tion, including technical and economic aspects, but also incentives and constraints 
faced by project members. In each site more than 50% of the beneficiaries and at 
least ten households not involved in the project were interviewed. In total, 130 
households were interviewed (67 households involved in the project and 63 house-
holds not involved).

15.3  Results and Discussion

15.3.1  Benefit from Community-Based Fish Culture

Fish culture on a community basis in the Mekong Delta produced varying results 
in terms of production, income, and subsequent adoption of the technology by 
farmers. Compared with non-fish culture areas, the fish production of flooded rice 
fields can be increased. Additional benefits for rice field ecology and the impact 
on rice culture can be observed. The culture of fish in rice fields could reduce the 
cost of soil preparation that uses inputs, as fewer pesticides, insecticides, and less 
fertilizer and rice seeds may be needed.

A straightforward comparison of production across sites is complicated by 
the variations in size and characteristics of project sites and the constraints 
that affected production at each location. Fish production from fish stocking 
ranged from 61 to 179 kg ha−1, with an associated net benefit of 50 USD ha−1 
(Table 15.2).

However, while these figures are comparable to outputs in some locations in 
Bangladesh, the perception of success differed amongst project participants in the 
two countries, with farmers in the Mekong Delta showing a preference for alter-
native livelihood options available during the flood season that yield a higher 
income.
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15.3.2  Supporting and Constraining Factors

As the technical and institutional design components of the project have been intro-
duced to each of the project countries, mechanisms have been needed to permit 
flexibility in the research approach and adapt the technology to local conditions. 
The project concept was based on the principles of adaptive management, an itera-
tive process that encourages the review and adaptation of activities after each har-
vest cycle. However, at a number of sites, participants chose to discontinue fish 
culture after one culture cycle.

Several technical, economic, and social factors explain these results, including 
the technical design of the fish culture system, flood characteristics, the dike sys-
tem, the integration of fish culture within rice-based production systems, as well as 
marketing aspects and social characteristics of the fish culture group.

15.3.3  Technical Factors

15.3.3.1  Intensive vs. Extensive Culture

On this scale, it was found that extensive culture, based on naturally available feed, 
was more appropriate than semi-intensive culture using commercial, pelleted feed. 
The provision of feed increased the operational cost of production to 74 USD ha−1 
compared with extensive culture of lower value species where the operational cost 
was 21 USD ha−1. Moreover, production results were not high enough to cover the 
cost of nursing, with a low survival rate of 10% and 1% for red tilapia and snakehead, 
respectively. The survival rate was between 13% and 33% on average in the different 
sites for other species, with an average fingerling size of around 6 g per fish.

15.3.3.2  Stocking Size

Fish stocking is particularly important in these extensive, relatively open systems, 
where self-recruiting wild fish are also present. Selecting the correct size of fish for 
stocking is dependent upon a critical balance between cost and survival. Small 
fingerlings may reduce costs, but predation by wild fish increases mortality. Larger 
fingerlings may shower greater survival rates, but at higher overall costs. The 
research showed that fingerlings larger than 6 g should be selected for stocking.

15.3.3.3  Environmental Factors

Flood duration, height, and flood delay were important factors in determining pro-
duction. With a production system based only on natural water productivity, water 
levels need to be sufficiently high to create suitable conditions for fish culture. 
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In Can Tho and Vinh Long provinces, the water level reached only 60 and 63 cm 
in 2007, limiting fish growth. Generally, fish culture requires a water temperature 
between 25° and 35°, which can be excessive if the water level is too shallow 
(Halwart and Gupta 2004). In addition, pH needs to range from 6.5 to 9.0, which 
can be a constraint in the Mekong Delta, where acid sulfate soil can generate acid-
ity. Therefore, water level is an important factor for site selection as well as for 
potential water pH changes.

Floods arrived later than expected, delaying fish stocking and thus reducing the 
grow-out period. This development highlights the dependency of the model on 
fluctuating environmental conditions and its integration in a broader production 
system in both space and time.

Areas supporting double rice culture are more suitable for the development of 
community-based fish culture when compared to triple rice crop areas. The size 
of fingerlings should also be adapted to a short grow-out period to reach marketable 
size in less than 12 weeks of growth. Fish culture in seasonally inundated rice fields 
depends on the rice culture calendar. Fish culture can begin in nurseries, while rice 
is still cultivated, but in most cases fish were stocked after the rice harvest as water 
levels began to rise. Fish harvesting is timed according to flood recession, which 
indicates the start of rice field drainage and of rice culture. Those project members 
and non-members who had land inside the fish culture areas prioritized their rice 
culture activities and were willing to harvest the fish as early as possible in order to 
start the next rice crop. Rice culture after the flood period was never delayed to allow 
for a longer fish grow-out period, indicating the preference and value of rice culture 
over fish culture. The coordination of the rice cropping calendar necessitates the 
drainage of the entire cultivated area surrounded by dikes. As a result, fish culture 
cannot be extended and fish must be harvested. In cases where not all the landowners 
are involved in the fish culture group, water management for rice culture can gener-
ate conflicts. Rice culture is of high economic importance for farmers and of national 
interest, particularly in the light of the 2007–2008 food crises and the high price of 
rice. Rice production is therefore a priority in these areas, and fish culture is consi-
dered a secondary activity. On average, the net return from dry season irrigated rice 
(December to April) can generate 860–1,612 USD ha−1 (n = 28), according to soil 
type, rice variety, and market price.

15.3.4  Socio-Economic Factors

An optimum market environment is required to maximize the benefits from fish-
culture production. The potential benefits available from fish production in the 
flooded area were undermined by the effects of market supply and demand and by 
fluctuations in fish market prices. When asked, marketing of the harvested fish was 
ranked as one the main challenges of the model by 26%, 33%, and 18% of the 
respondents participating in the project in three hamlets in Can Tho province. The 
period of harvesting in November and early December coincided with the bulk of 
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the wild fish harvest and was when the fish supply is most abundant. This lowered 
fish prices on the regional market; for example, common carp (Cyprinus carpio) 
brought 1.14 USD ha−1 in April but only 0.34 USD ha−1 in November. Harvesting 
fish when the supply is lower could significantly improve the value of fish produc-
tion. However, this would require that the fish are held until the optimum time for 
harvest; and with land at a premium, the conversion of valuable agricultural land to 
a holding pond was not a feasible option. Introducing a wider range of stakeholders 
in the group, including landholders or commercial fish producers with holding 
facilities for large volumes of fish, may be one option if issues of power and elite 
capture could be controlled.

Participants considered that fish culture demanded too much of their time in the 
form of guarding duties, meetings, and harvesting. Comparatively, the different 
types of off-farm and non-farm labor can provide higher incomes during the flood 
period, with farmers engaging in a range of activities according to opportunities in 
fishing and rice post-harvest processing or construction work (Table 15.3). For vil-
lagers, the project was perceived as a new technique, without a guarantee of results 
and with potential benefits earned only at the end of the flood season, while other 
activities provided daily income for household needs. This is a common issue in 
aquaculture and agriculture systems. Households rely upon a range of activities that 
meet different household needs. Activities that provide a daily source of income are 
critical to most households who lack savings. These activities provide the greatest 
contribution to the households when they complement one another within the 
household portfolio.

The operational costs of fish culture also varied according to the rules estab-
lished by each fish culture group. At two sites in Can Tho province, labor to guard 
and harvest were paid, with costs accounting for 10–20% of the total cost of pro-
duction, while in other groups these activities were undertaken by group members 
at no cost.

Table 15.3 Salaries and incomes from different non-farm and off-farm activities during the fish-
culture period (1 USD = 17,429 Vietnamese Dong) (Results presented are based on a semi-structured 
interview of 130 in Vietnam (project and non-project households))

Activities
Salary or Net return 
(USD)

Average days 
hired/fishing

Seasonal income 
(USD)

Hired labor in rice field 2.3–4.6 USD day−1 17.5 40–80
Hired labor in forest sector 2 USD day−1 15–60 30–120
Digging 4 USD day−1 10–30 40–120
Rice post harvest 2.3–2.8 USD day−1 12.5–17.5 36–50
Construction work 3.4 USD day−1 Variable Not estimated
Fishing 0.3–5.7 USD day−1 Variable Not estimated
Renting out land for duck 

raising
5.7–28 USD month−1 30 5.7–28

Duck raising (100 heads) 86–143 USD – 86–143
Lotus culture 0–1,147 USD – 0–1,147
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The indirect benefit of fish culture on the operational cost of rice culture in this 
project needs to be investigated further. Other studies have found no negative effects 
of fish on rice production when cultured concurrently (Vromant et al. 2002; Sinh 
1995), with a generally positive impact on farm income (Berg 2002; Duong et al. 
1998; Gupta et al. 1998; Mai et al. 1992). Such benefits can be considered a valuable 
contribution of this model to a long-term environmental protection strategy.

15.4  Conclusions

15.4.1  Is Community-Based Aquaculture a Viable Option  
for Coping with Change in the Mekong Delta?

Community-based fish culture is a new and innovative technology for the Mekong 
Delta. Unlike Bangladesh, where community-based fisheries management has a 
long history, the community-based fish culture project in Vietnam represents the 
first attempt to encourage farmers to pool their resources and work collectively for 
fish production in flooded areas. As such, the results of the trials should be consid-
ered within this context, as an approach with a potential for optimization under the 
appropriate environmental, social, and economic conditions.

As the Mekong Delta undergoes rapid change, farmers will be required to adapt 
to changing circumstances that are both man-made and natural in origin. A policy 
of expanding commercial aquaculture and encouraging farmers and fishers to adopt 
alternative livelihoods, including employment on aquaculture farms, could make 
community-based aquaculture a more attractive option for farmers if it means they 
are able to retain access to land and livelihood. Following improvements in the 
technical design, this low-cost, community-based fish culture model and the associ-
ated benefits to rural farmers in terms of food security and increased income may 
gain the support of national and local authorities seeking to improve the well-being 
of the rural poor, as well as increase solidarity in communities. Furthermore, in our 
case extensive culture does not require inputs other than fingerlings. The environ-
mental costs of extensive fish culture are lower than intensive, export-oriented 
aquaculture based on high inputs. This later type of aquaculture contributes to water 
pollution with the use of commercial feed and chemical inputs. Financial invest-
ment and the operational costs of community-based fish culture are minimal com-
pared to more intensive fish culture, which in the case of catfish culture in the 
Mekong Delta, for example, has an average cost estimated to be higher than 1,000 
USD ha−1 (Phuong et al. 2007).

Considering the potential environmental changes in the region, with a longer 
flood period, higher water levels, and declining fisheries (Eastham et al. 2008), 
fish culture in seasonally inundated rice field is an interesting option for develop-
ment. The increased height and duration of flooding in areas that currently produce 
three rice crops per year may reduce production to two crops per year. Under these 
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 circumstances, community-based fish culture could provide a suitable, alternative use 
of inundated lands and a coping strategy for farmers as they adjust to a new envi-
ronment. Unlike individual aquaculture systems, where decision-making powers 
regarding technical design and preferences for participation rest with one individual 
or household, community-based fish culture requires that both the technical design 
and the institutional approach for managing the fish culture system and sharing its 
benefits are equally successful. Collective action requires a substantial investment 
of time and sufficient social capital amongst the participants. The benefits of work-
ing together must outweigh those of the next best alternative occupation. Testing 
both components simultaneously requires sufficient motivation in the community 
group to overcome production constraints and that participants are able to accept a 
degree of risk and the possibility of failure in the early stages of testing.

The reluctance of groups to continue the trials for more than 1 year suggests that: 
(1) sufficient livelihood alternatives which generated greater benefits than fish culture 
were available to the participants; (2) alternative options delivered livelihood benefits 
that fish culture could not provide; (3) and that demands on labor were sufficiently 
high that participants had to choose between fish culture and other options.

Community-based fish culture is a complex and fragile system. Its success 
depends both on technical and socio-economic factors. Even if several groups in the 
project discontinue testing of this model, community-based fish culture can provide 
a viable option for poor farmers in terms of food security and income, particularly 
within the volatile environmental and economic conditions of the Mekong Delta. 
The following section present some possible options to adapt collective fish culture 
to the specific context of the Mekong Delta for a higher adoption rate of this 
technology.

15.4.2  Recommendations and Lessons Learned

The results show that in the Mekong Delta where flood protection infrastructure to 
delimit fish culture areas is well developed, extensive fish culture over a large area 
is possible. However, the model is still dependent on flood patterns; low water 
levels or delayed floods limit fish growth.

Double rice crop areas are preferable for fish culture development. These allow a 
longer fish-culture period as they tend to be characterized by floods of more than 1 m 
and are therefore more suitable to support fish culture. Fish culture between two rice 
crops requires the involvement and the agreement of all the rice farmers of the area 
to coordinate water management and extend the fish growth period as long as possi-
ble. The growth period, which cannot be extended due to rice culture, will influence 
the choice of fingerling size. The fingerling size should be determined in order to 
reduce operational costs by using small sized fingerling, but the size needs to be suf-
ficient to allow a high survival rate and to reach marketable size at harvest time.

Marketing channels and low fish prices during harvest were found to be one 
of the main challenges limiting the financial benefits of the model. Improvement of 
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marketing channels can be achieved over successive harvests and the delay of the 
harvest until fish prices are higher in January or even February.

Smaller production units involving fewer farmers could be more effective when 
compared to large production units where farmers have to market large amounts of 
fish in a short period. We can hypothesize that small units of less than 10 ha man-
aged by smaller groups and delimited by fences (within a larger unit delimited by 
dikes and embankments) can be easier to harvest in several stages, accompanied 
by selective marketing of market-sized fishes. Delayed marketing can be envisaged 
in cases where farmers own homestead ponds, with the stocking of non-marketable 
sized fish into a pond pending further growth and higher market prices.

In addition, smaller units of production will reduce group size and the likelihood of 
conflict. With smaller groups, governance mechanisms to promote transparency, 
equity, and sharing of labor might be easier to implement. For example, trials in one 
community in Can Tho province in 2009 support this hypothesis. The group was com-
prised of 11 members. Fish production of 179 kg ha−1 was recorded; and, according to 
members, a smaller group composed of relatives is easier to manage, with less poten-
tial for conflict over divergent ideas on management strategies and technical options.

These initial trials have shown that community-based fish culture is an innova-
tive approach for the Mekong Delta that has the potential to provide an alternative 
livelihood option in the face of environmental change and development. To increase 
uptake, the technical design of the approach could be further optimized, and mecha-
nisms for community participation could be enhanced to increase economic incen-
tives, which are an important factor for adoption of the technology by farmers.

References

Berg H (2002) Rice monoculture and integrated rice-fish farming in the Mekong Delta. Vietnam 
– economic and ecological considerations. Ecol Econ 41:95–107

Duong LT, Nahn DK, Rothius A, Quang PM, Giau TQ, Chi HH, Thuy LT, Hoa NV, Sinh LX 
(1998) Integrated rice-fish culture in the Mekong Delta of Vietnam: problems, constraints and 
opportunities for sustainable agriculture. In: Xuan V-T, Matsui S (eds) Development of farm-
ing systems in the Mekong Delta of Vietnam. Japan International Research Center for 
Agricultural Sciences, Can Tho University & Cuu Long Delta Rice Research Institute. Ho Chi 
Minh Publishing House, Ho Chi Minh City, pp 235–271

Eastham J, Mpelasoka F, Mainuddin M, Ticehurst C, Dyce P, Hodgson G, Ali R, Kirby M (2008) 
Mekong River Basin water resources assessment: impacts of climate change. Water for a 
Healthy Country National Research Flagship report CSIRO

GTZ (2005) Pangasius farming practices in Vietnam – a study in view of sustainability issues. 
GTZ, Vietnam

Gupta MV, Sollows JD, Abdul Mazid M, Rahman A, Hussain MG, Dey MM (1998) Integrating 
aquaculture with rice farming in Bangladesh: feasibility and economic viability, its adoption 
and impact. ICLARM Technical Report 55, p 90

Halwart M, Gupta MV (eds) (2004) Culture of fish in rice fields. FAO, WorldFish Center,  
Rome, 83 p

Kakonen M (2008) Mekong Delta at the crossroads: more control or adaptation? Ambio 
37(3):205–212



270 O.M. Joffre et al.

Mai TD, Le TD, Dang KS, Pham NM Nguyen ND (1992) Rice field aquaculture systems in the 
Mekong Delta, Vietnam: potential and reality. In: dela Cruz CR, Lightfoot C, Costa-Pierce BA, 
Carangal VR, Bimbao MP (eds) Rice-fish research and development in Asia, Conference 
Proceedings 24, ICLARM, Manila, 457 p

Pech S, Kengo S (2008) Population growth and natural resources pressures in the Mekong River 
basin. Ambio 37(3):219–224

Phuong NT, Sinh LX, Thinh NQ, Chau HH, Anh CT, Hau NM (2007) Economics of small-scale 
aquaculture feeding systems: the economics of different Catfish feeding practices in Vietnam. 
Rome, FAO Fisheries Technical Paper No. 505

Sinh LX (1995) The effects of aquaculture on farm household economy: a case study of  
O Mon district, Can Tho Province, Vietnam. Master thesis, Asian Institute of Technology, 
Bangkok, p 162

Vromant N, Duong LT, Ollevier F (2002) Effect of fish on the yield and yield components of rice 
in integrated concurrent rice-fish systems. J Agric Sci 138:63–71



271

Abstract In the last few decades, structural transformation in agriculture has been 
considered a key to rural economic development in Vietnam. In the Mekong Delta, 
the most important rice basket of Vietnam, farmers have diversified their economic 
activities and engaged in production which involves high risks, partly due to global 
market price fluctuations. This change in livelihood patterns has resulted in a 
significant change in the Delta’s ecology.

This chapter analyzes socio-economic changes of human adaptation to a new 
living environment in two shrimp-farming communities in the Mekong Delta, one 
in the lower part (Ca Mau Province) and the other in the upper part of the Delta 
(Long An Province). It examines the changes in livelihood and local ecology when 
farmers shift from conventional rice cultivation to high-value shrimp-farming and 
thus, from fresh water to saline water ecology. The chapter concludes that the human 
environment is a social process in which people constantly shape their landscape 
and have to adapt to the “created” environment by changing their socioeconomic 
lives. In the shift from rice to shrimp, when people cannot adapt to ecological 
changes locally, labor migration is the best solution for their livelihood. This 
phenomenon can be seen as an indicator of agricultural unsustainability. My com-
parative study seeks to contribute to the understanding of socio-economic changes 
from an environmental perspective.

Keywords Ecological change • Structural transformation in agriculture • Gender 
division of labor • Human adaptation • Shrimp farming in Vietnam
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16.1  Introduction

As a fertile Delta that is constantly raised by the silt from the Mekong River, the 
Mekong Delta has the greatest potential for agricultural production in Vietnam. 
As part of the process of increasing integration into the world market, this Delta has 
undergone significant changes in agricultural production. With various support 
policies, trade liberalization, and technological advancement, the Delta’s economic 
activities have shifted to a market system and to commercially high-value agricultural 
production. Consequently, although the Delta only makes up 12% of the country’s 
area, annually it accounts for 50% of the rice production, 90% of the exported rice, 
80% of aquaculture production, and 60% of the exported aquacultural products of 
the country (Vietnam Economic News 2008). Along with economic growth, the 
Delta and its inhabitants’ livelihood patterns have undergone significant changes in 
various aspects. In the last few decades, the structural transformation in agriculture 
has become a prominent phenomenon in the Mekong Delta.

By analyzing the shift from rice cultivation to shrimp farming in the Mekong 
Delta, this chapter suggests that along with the increasing integration into the world 
market, the delta ecology has experienced dramatic changes. Delta inhabitants play 
an important role in shaping their living environment. This ecological change, in 
turn, shapes human lives. People have to use their social and material resources to 
adapt to the newly “created” environment.

16.2  Research Methods and Case Study Sites

This chapter presents the initial findings of my research based on qualitative methods, 
including interviews with shrimp farmers and local authorities at different levels, as 
well as participant observation during my fieldwork in 2009 and early 2010 at the 
study sites.

My study examines two shrimp-farming communities, one in Long An Province 
and the other in Ca Mau Province in Vietnam. These two communities engage in 
extensive and advanced extensive shrimp culture, two major types of shrimp culture 
in the Mekong Delta. Extensive shrimp culture (colloquially called traditional 
extensive culture) is characterized by low capital investment in pond building, pond 
preparation, and shrimp-raising techniques. Shrimps are allowed to grow naturally, 
without being fed processed food. Shrimp fry (post larvae) are released at low 
density, from one to two shrimps/m2. Shrimps rely completely on natural food. In the 
whole raising process, farmers only apply such simple pond-preparation measures 
as derris elliptica to kill the various fish competing with shrimps for food or killing 
shrimp fry, lime powder (CaCO

3
) to reduce alum, and occasionally chemical fertili-

zers such as NPK to create algae as a natural food for shrimps in the pond. Having 
a large amount of land but limited capital, farmers apply these measures only to some 
extent, not as intensively as suggested by the government’s aquaculture experts.  
In contrast to other types of shrimp culture in which shrimp fry are released and 
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harvested once per crop, in the extensive type, people usually release fry every 1 or 
2 months and harvest shrimps every day or every 1 or 2 weeks.

With a much-improved technology over extensive shrimp culture, the advanced 
extensive type requires considerable investment in both capital and raising methods. 
Besides applying more intensively the measures characteristic of extensive culture, 
farmers adopting the advanced extensive type also use processed pellets or self-
processed food and vitamins to feed shrimps, as well as various chemicals such as 
sterilizer and bio-enzymes in pond preparation and shrimp raising. Pond dikes and 
ditches are prepared annually. In principle, the density of shrimp post-larvae is from 
three to five shrimps/m2. However, in Long An, in order to achieve high productivity 
despite limited land, people release fry with a stock density much higher than the 
encouraged level, from 10 to 20 shrimps/m2. As water in this type of shrimp culture 
is polluted by processed food, it must be changed frequently by using pumps. 
Besides the two aforementioned types of shrimp culture, a minority of famers also 
practice industrial shrimp farming which requires a much higher capital investment, 
normally 40 times higher than the extensive type and 5 times higher than the 
advanced extensive type per hectare per year.

The two study sites are both saline-affected areas, with 6 months of saline water 
and 6 months of fresh water every year. Their inhabitants previously practiced 
one-crop rice cultivation. The shift from rice cultivation, which relies on a fresh-
water ecology, to shrimp farming, which relies on a saline-water ecology, leads to 
a change in farmers’ living patterns as a human ecological adaptation. These two 
cases will present some social aspects of the structural transformation in agriculture 
in the Mekong Delta.

16.3  Shrimp Production in the Mekong Delta

Vietnamese Government Resolution 09/2000/NQ-CP, on June 15, 2000, provided 
policy guidelines for economic structure transformation and agricultural product 
marketing. Economic structure transformation (chuyển dịch cơ cấu kinh tế) is the 
process of choosing the structure, scale, and product types in agricultural produc-
tion on the basis of local natural resources and market demand in order to achieve 
high economic and ecological efficiency.

Farmers in the Mekong Delta have a long tradition of market-oriented rice 
production. When the Sai Gon port was opened on February 22, 1860, rice and 
pepper were the two major exports from the south of Vietnam. During the period 
from 1860 to 1945, Vietnam was a well-known rice-exporting country in the region 
and in the world. Foreign markets for Vietnamese rice during this period included 
France, Europe, the United States, Indonesia, Singapore, the Philippines, China, 
and Japan (Nguyen Phan Quang 2004, 21).

Today, the Mekong Delta has shifted from rice mono-agriculture to a diversified 
economy, and it is gradually moving toward an industry- and service-based economy. 
Technological advances which provide high-productivity breeds, new fertilizers, 
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and pesticide have played a crucial role in the transformation in the Delta. The 
structural transformation process in the Mekong Delta has taken place intensively 
through the shift from rice cultivation to other agricultural products like fruits and 
to aquaculture. The shift from rice cultivation to shrimp farming has proven to be 
an effective one. Thanks to the high value of shrimps, this shift has been seen as an 
appropriate way for farmers to overcome poverty or even to become rich, especially 
for farmers living in saline-affected land where they could normally cultivate only 
one low-yield rice crop a year.

Trade liberalization along with various policies in support of aquaculture has 
accelerated the development of shrimp production in the Delta. Trade liberalization 
opens a way for Vietnam shrimps to enter the world market. The high demand in 
the world market is a key element that encourages the delta’s farmers to shift to 
high-value shrimp farming. Policies in favor of aquaculture in general and shrimp 
farming in particular provide the legal foundation for the development of this sector. 
The policy adopted in the Decision 773-TTg of December 21, 1994 aimed at 
building infrastructure for aquaculture through irrigation systems, shrimp nurseries, 
and large-scale farms, triggering the expansion of aquaculture in the 1994–1999 
period. Since 1999, many other policies and programmes have been adopted to 
boost the country’s shrimp exports, particularly the Aquaculture Development 
Programme for 1999–2010 (Decision 224/1999/TTg of 08/12/1999), Government 
Resolution No. 09 in 2000 encouraging crop diversification and allowing a conver-
sion of unproductive rice land into aquaculture, and Decision 173/2001/QĐ-TTg  
of November 6, 2001 promoting further development of aquaculture as the 
direction for the economic development in the Mekong Delta (Mai et al. 2006, 6). 
In response to favorable policies and market conditions, shrimp production has 
become more developed in the Delta. Ca Mau Province, in particular, has converted 
150,000 ha of rice land to shrimp ponds. The acreage of shrimp land in this province 
had reached 257,000 ha by 2008 and accounted for half of the Mekong Delta’s 
shrimp farming area (Nhandan online 2008).

In order to meet increasing market demand for shrimps, farmers make the best 
of their natural competitive advantage by participating in commercial shrimp 
production. Unlike rice production in which farmers and their families can consume 
a part of their own rice crop, shrimps are raised entirely for the market. Farmers 
who live in mangrove areas mix mangrove logging with shrimp farming (for 
example, in Nam Can and Dam Doi districts of Ca Mau Province and in An Minh 
District of Kien Giang Province). Those who previously either cultivated one rice 
crop per year (e.g., in Long An, Soc Trang, Tra Vinh provinces) or produced salt in 
saline-affected areas (esp. in Bac Lieu Province) have switched to shrimp mono-
farming or rice–shrimp rotation farming. Although encouraged to adopt a mixed 
mangrove-shrimp model and a rice–shrimp rotation system in which rice is 
cultivated during the rainy season, and shrimps are raised in the dry season, 
farmers tended to clear mangrove forests and to adopt shrimp mono-farming 
due to the high value of shrimps. In Cai Nuoc District of Ca Mau Province, in 
the 1997–2002 period, the shrimp-raising acreage increased by 8.5 times (Mai 
et al. 2006, 8); Dam Doi District in 1995–1999 was the first place to “destroy 
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saline-prevention dams,” and “to bring saline water illegally to rice fields in order 
to raise shrimps” (Nhandan online 2008).

At present, profits from shrimp farming are decreasing due to shrimp diseases 
and declining prices. However, up to November 2008, shrimp export revenues 
still accounted for the largest share of Vietnam’s revenues from aquatic product 
exports (Aquatic Information Center 2008). This suggests that despite its high 
risks, shrimp farming is still attractive to Mekong Delta farmers. In the Mekong 
Delta, shrimps are raised in the coastal provinces, including Long An, Tien Giang, 
Ben Tre, Kien Giang, Tra Vinh, Soc Trang, Bac Lieu, and Ca Mau. Among them, 
Ca Mau has the largest shrimp-farming acreage while Tien Giang and Long An 
have the smallest. The 2000–2002 period was a prosperous one for shrimp pro-
duction in Vietnam in general and in the Mekong Delta in particular, as shrimp 
production and farming acreage increased significantly. In Ca Mau, the biggest 
shrimp-farming province in the Mekong Delta, shrimp land increased 2.5 times, 
from 90,551 ha in 1999 to 239, 398 ha in 2003 (Mai et al. 2006, 7). The total 
reached 257,000 ha in 2008 (website of Ca Mau Province 2008). With the significant 
increase in production, Vietnam has become one of the top five shrimp-exporting 
countries in the world.

Major export markets for Vietnam shrimps are the United States and Japan, 
which consume 70–80% of Vietnam’s shrimp exports. Other important markets are 
European countries and other Asian countries such as China, Hong Kong, Taiwan, 
and Korea (Aquatic Information Center 2008).

The two main types of shrimp culture in the Mekong Delta are “extensive” and 
“advanced extensive.” In the 2003–2004 period, extensive shrimp farming was 
adopted on 68% of the shrimp-farming land in the Delta, advanced shrimp culture 
on 27%, and intensive and semi-intensive on 5% of the land (Nguyen et al. 2004, 
5). This structure has remained essentially the same since then; intensive and 
semi-intensive shrimp culture, adopted on 46,257 ha, makes up only 8% of the 
shrimp farming acreage. Extensive and advanced extensive shrimp cultures are 
still dominant. In Ca Mau and Bac Lieu provinces, these two types of shrimp 
cultures have been adopted on over 90% of the shrimp-farming acreage (Ca Mau 
People’s Committee 2008; General Statistics Office 2006, 450). In my 2009 and 
early 2010 study in Hoa My, Cai Nuoc District, and Ca Mau Province, 91% of 
the studied shrimp-farming households had adopted extensive shrimp culture; 
while in Tan Chanh, the biggest shrimp-producing commune in Can Duoc District 
of Long An Province, advanced extensive culture was adopted by 98% of the 
households studied.

Spontaneousness is a common feature in the initial period of shrimp production. 
Gradually, shrimp culture practice has officially been introduced to saline-affected 
areas in the Mekong Delta in order to help local people to improve their livelihoods. 
The government, through its support policies, has played an important role in the 
shift to shrimp production. These policies sanction the adoption of shrimp farming 
in traditional rice cultivation areas. The 2000–2002 period witnessed a strong 
development of shrimp production and remarkable ecological and social changes in 
the Mekong Delta.
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In Tan Chanh Commune of Can Duoc District, Long An Province, shrimp 
farming was officially introduced to farmers as an alternative livelihood pattern in 
1994. However, farmers were initially reluctant to adopt this new practice. They 
were doubtful of its success because they had no knowledge regarding how to raise 
shrimps. However, remarkable profits from the first shrimp crops of the few brave 
shrimp farmers led to an increasing conversion of rice fields to shrimp farms. 
At present, shrimp farming is the main agricultural activity in Tan Chanh Commune. 
Local shrimp farmers practice advanced extensive shrimp culture, which requires 
feeding shrimps with processed food. In Hoa My of Cai Nuoc, Ca Mau, there was 
no shrimp farming until 2001. Hoa My used to be a fresh-water area thanks to 
saline prevention dams. Subsequently, with the approval of the government, all 
rice fields and gardens were permitted to be converted to shrimp ponds. 
Influenced by the striking success of neighboring shrimp-farming areas, especially 
in Dam Doi and Nam Can districts, local farmers were eager to shift to shrimp 
farming at the same time. They applied extensive shrimp culture, which does not 
involve feeding shrimps.

As a result of the locally specific implementation of national policies, each locality 
has its own trajactory of transformation from rice to shrimp farming. In Long An, 
the shift has been gradual, while in Ca Mau, it happened rapidly. People raise 
mainly Black-tiger shrimps (Penaeus Monodon), although White-leg shrimps 
(Penaeus Vannamei) have been raised recently. The latter type of shrimps was intro-
duced into Central Vietnam in 2000 and permitted to be raised in the Mekong Delta 
only in 2008. White-leg shrimps, with their lower prices, are favored in the market. 
Processed food from White-leg shrimps account for two thirds of the global market 
share (www.khuyenongvn.gov.vn, 23/2/2010). Although maturing more quickly 
and having a higher yield, White-legged shrimps usually cause extreme pollution 
to the ponds due to their higher waste release. Therefore, people often combine 
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these two types of shrimp according to the specific conditions of their ponds. In my 
study site in Ca Mau, people raise mainly Black tiger shrimps; while in Long An, 
farmers raise both types of shrimp.

16.4  Ecological Change and the Locals’ Socio-Economic 
Adaptations

16.4.1  Ecological Change

In Hoa My of Cai Nuoc and in Tan Chanh of Can Duoc, inhabitants’ past living 
patterns involved rice cultivation during the rainy season and thus, mainly fresh-
water ecology. Normally farmers grew local varieties of rice in a growing season 
of 5–6 months because these varieties were suitable to the low terrain and saline-
affected land.

Living at the intersection of saline and fresh water, local inhabitants tried to 
build dams to prevent saline intrusion in the hope of having fresh-water ecological 
conditions to cultivate rice for the whole year. Due to the nature of each locality, 
such efforts produced different results.

In Tan Chanh, after the liberation of South Vietnam in 1975, the government 
tried its best to build dams to prevent saline water intrusion during the dry season 
and to allow rice cultivation all year around. However, this effort failed because, 
with the existence of dams, the soil contained more alum and there was insufficient 
fresh water for rice cultivation. Due to the uneven terrain, when the planting time 
came, all fields could not be supplied with enough fresh water through small water-
inlet sluices. Consequently, farmers tried to get water for their rice fields in their 
own ways and damaged dams in the process.1

In Hoa My, dams were built when the first settlers came to reclaim the land. 
It was reported that, annually, when the dry season came, people were mobilized to 
reinforce dams to prevent the intrusion of saline water. In the rainy season, these 
dams were de-activated so that fresh water could intrude further inland for rice 
cultivation. After 1975, solid dams were built with permanent water-inlet sluices. 
With these saline-water-control dams and thanks to their abundant land, local 
inhabitants could cultivate rice and fruit trees and raise pigs and fish safely (without 
worrying about saline intrusion destroying the crops).

In Tan Chanh of Long An, most people just converted their rice fields into 
shrimp ponds. Some also enlarged the ponds by converting some of their limited 
garden and residential land. However, due to limited land, this type of conversion 
is not common in Tan Chanh. While in Hoa My, due to their large amount of land, 
people converted both rice fields and gardens into shrimp ponds. They hired 
contractors with excavation machines to do the conversions.

1 Interviews with local authorities in 2009.
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With the shift from rice to shrimps, local ecologies have experienced changes 
which require adaptation by their inhabitants. The local landscapes are no longer 
green rice fields but treeless shrimp ponds. Farmers in Hoa My describe the effects 
on their environment as well as their lives as follows:

letting saline water into fields and ponds had major consequences. Gardens were damaged; 
vegetables and fruit trees died out…. In the past, during the dry season when we did not 
have enough water, we could rely on fresh water ponds. At present, we have no way to get 
fresh water for daily use. At present, we use well and rain water. When shifting to shrimp 
farming, we had to have drilled wells. When we let saline water into the fields, rice plants 
did not have grains. In the first few years, land was acidified and salinized. Since 2006, the 
environment has been getting better…

In the past, there was no rạm (small crab living in brackish water). Since the day of 
transformation (the day farmers start to raise shrimps), there have been a lot of rạm which 
dramatically destroy rice plants. Previously, we used to bathe in canals. At present, we do 
not dare. Saline water also makes people “stunted”...

Man, aged 74, Thi Tuong Hamlet

Water inlet sluices and dams were destroyed in order to bring saline water for us to raise 
shrimps; however, the land was salinized… very affected. At first, all trees died out because 
of salinity. Previously, we had all kinds of vegetables. They are rare now. Two or three 
years ago, we raised dikes higher so that we could plant coconuts and bananas. In the past, 
fresh water fish were abundant. We could get tens of kilograms of them a day. It does not 
happen now.

Man, aged 53, Thi Tuong Hamlet

Large-scale shrimp farming leads to water pollution in communities which, in turn, 
affects their production, as a farmer illustrates:

At present, we have to take good care of water, shrimps, and their feeding. In the past, we 
did not. One of my neighbors bought small, raw shrimps to feed shrimps. He let food rot 
nastily on dikes, but he got a very good harvest. Shrimps were not susceptible to any disease. 
In the past, land was new and fertile which was good for shrimps. At present, land is polluted. 
Therefore we always suffer losses.

Man, aged 65, Dinh Hamlet

This ecological change is a social process in which human beings play an active role 
in shaping their environment for the sake of their livelihoods. However, this is a 
multifaceted process. Shifting from a conventional pattern of living to a new one, humans 
have to adapt to the newly-created environment by changing their ways of life.

16.4.2  Changes in Living Patterns as a Local Adaptation  
to Environmental Changes

Tan Chanh inhabitants, due to their limited land and low earnings from one rice 
crop, have long engaged in other economic activities besides agricultural produc-
tion for their livelihoods. This is possible because of the proximity of Tan Chanh to 
Ho Chi Minh City, the busiest city in the south of Vietnam, and its location as a 
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bridge between the Mekong Delta and the eastern part2 of southern Vietnam. Their 
common additional economic activities included trading by boat and labor migra-
tion to other agricultural areas. In the past, local people were famous for trading 
chinaware, earthen jars, pigs, household products, and firewood from the southeast 
to the Mekong Delta of Vietnam and vice versa.

In the customary gender division of labor, men did the heavy labor and served 
as bread-winners while women were oriented to family care. Both men and women 
engaged in rice cultivation because this kind of work requires much labor. After 
harvest time, men engaged in trading or went elsewhere to search for work. In the 
boat-trading business, each trip could last months. Their wives could accompany 
them, leaving the elderly and children at home. Local people did not do any 
agricultural activities during the six-month season of saline water. Other inhabi-
tants, who could not afford trading boats, migrated to other places to find seasonal 
jobs. They could work as manual laborers (làm mướn), masons, and carpenters. 
Labor migration has long been a common phenomenon after harvest time in Khanh 
Hau, another rice-farming community in Long An (Hendry 1964, 135–137).

When people shifted to shrimp farming, although there was no difference in 
terms of seasonal rhythm with half a year of fresh water and half a year of saline 
water, local inhabitants’ living patterns experienced an important change. They 
previously relied on fresh water for their agricultural production, and at present, on 
saline water. Saline water is recognized as a precious resource. At the beginning of 
the shift, the model of rice–shrimp rotation was introduced and encouraged as a 
sustainable system. Therefore, the structure of shrimp ponds included three com-
ponents: rice field, ditch, and surrounding dikes. Rice fields were located at the center 
of the pond, occupying about 50% of the pond, where farmers were supposed to grow 
rice during the wet season. The ditch made up about 30% of the pond’s area and 
encompassed the rice fields. Shrimps concentrated on the ditch bottom during 
daytime to avoid high temperatures. Surrounding dikes made up about 20% of the 
fields. Sludge and accretive silt from the ditch were moved to the dike surface 
every year. However, with the striking success of the first shrimp crops, people 
tended to neglect rice farming. They often had two shrimp crops per year instead of 
the shrimp–rice rotation, or they let the field vacant because rice yield was no longer 
considered as important as shrimps. Moreover, as many farmers did not grow rice, 
it was very difficult for other farmers to grow rice because of such crop destroyers as 
insects, birds, and rodents. Gradually, having limited land and wishing to increase 
shrimp production, farmers have removed the rice fields in their ponds to make 
the ponds deeper so that they can raise more shrimps. Consequently, long-existing 
rice fields have been totally converted to deep shrimp ponds. Local livelihoods 
became totally dependent on saline-water ecology. Local people raise shrimps in 
the dry season, and their leisure time is in the rainy season.

2 The eastern part of southern Vietnam (miền Đông Nam bộ) is the part of southern Vietnam which 
is north, northeast, and northwest of Hồ Chí Minh city. It is also referred to as the southeast of 
Vietnam in this paper.
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In rice cultivation, both men and women engage in agricultural work. In shrimp 
production, men provide the key labor because this kind of work involves 
much labor in water, complicated technology, and manual work such as dredging 
the ditch, operating pumps, and watching and feeding shrimps during the night. 
When shrimps are 1-month old, men sleep in temporary huts close to the ponds to 
watch and feed the shrimps at night. Men are usually considered the pillar of the 
family. Therefore, they are the persons who maintain the information and know-
ledge of shrimp production. However, due to the ecological change with a conver-
sion from rice fields to shrimp ponds and repeated failures in shrimp production, 
along with the increase in the number of factories in the locality as well as in neigh-
boring districts and cities, young men and women have decided to become workers 
in order to get stable monthly salaries instead of unpredictable and unstable 
incomes from shrimp production. Women usually become workers at garment and 
shoe factories, while the growing ship-construction yards in Tan Chanh attract 
many local men. They leave shrimp farming to their wives or parents. In 2009, in a 
shrimp-raising training course in Dinh Hamlet, Tan Chanh Commune, one wit-
nessed a shift in labor division by gender. Because men went out to work, the 
majority of the course participants were women. Due to this change, women began 
engaging actively in shrimp production, including selecting shrimp fry, feeding, 
and watching shrimps. For other heavy tasks, they hired other people. However, 
the labor migration of men causes a shortage of labor in agricultural production. 
This leads to an increase in agricultural costs.

Although the remarkable profits of the first shrimp crops did help people to 
obtain larger incomes than ever had when cultivating rice; at present, due to the 
high risks in connection with price fluctuation, a changing environment, and 
shrimp diseases, this kind of production is no longer considered the main source 
of income for local inhabitants in Tan Chanh. A majority of farmers raise 
shrimps as one way to try their luck. In the past, due to limited land, rice yield 
could not meet their consumption for the whole year; therefore, they had to rely 
on other sources of income such as labor migration and trading. However, farm-
ers could still subsist on fairly stable rice yields in those days. People often 
stored rice in their houses and only sold rice when they needed cash. Well-off farmers 
could buy rice at harvest time at low prices, store it, and sell it later at higher 
prices and for a profit. Other cash income covered their families’ other expendi-
tures such as ceremonies, health care, and education. In the shrimp-production 
period, all household needs, including rice as the staple food, are met mainly 
through the market.

Thanks to the big profits from shrimps, the infrastructure of the community is 
being upgraded. In the past, people mainly traveled in waterways in the rainy season 
and by road in the dry season. At present, people mainly travel by vehicles thanks 
to many new cement and asphalt roads.

In contrast to that of Tan Chanh, the seasonal cycle in Hoa My changed with the 
shift from rice to shrimp farming. Previously, local inhabitants had only a few small 
water canals. At present, many interlacing canals were enlarged in order to let 
saline water into all fields and to serve shrimp farming. These canals serve as the 
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main transportation waterways for local people. At present, people mainly travel by 
motor boats. Sixty-nine percent of the households studied have their own motor 
boats. Those without motor boats can travel by service boats.

To get saline water for shrimp farming, saline water-prevention dams were 
destroyed to let water run naturally. The local landscape was totally transformed. 
The local subsistence economy was replaced. In the rice-farming period, local 
inhabitants had practiced a subsistence economy in which they produced rice, 
vegetables, fruits, pigs, poultry, and fish for their own consumption. They grew rice 
in the rainy season and did gardening, raising pigs, fishes, and poultry the whole 
year around. Moreover, thanks to the fresh-water ecology, people could catch wild 
fresh-water aquatic varieties, which were abundant in canals at that time. With 
abundant land, farmers could produce many more agricultural products than they 
could consume. Therefore, inhabitants could sell the excess volume of these 
products for cash. Labor migration was not a common phenomenon during that 
time because local agricultural work needed much labor.

In Hoa My of Ca Mau, at present, people mainly practice extensive shrimp 
culture and raise shrimps continuously for the whole year. In contrast to the shrimp 
culture in Tan Chanh, Hoa My farmers release shrimp fry (post larvae) every month 
or every 2 months and harvest shrimps on a weekly basis. As in Tan Chanh, previ-
ously both men and women engaged in rice production. At present, men provide the 
key labor in shrimp production. Men also maintain the information and knowledge 
on shrimp farming. Women are mainly involved in selling shrimps. A woman’s 
explanation of her failure in shrimp farming illustrates a common perception of the 
role of men in shrimp farming:

My family has no men. I do not have any knowledge of shrimp farming, no knowledge of 
shrimp fry, environment, and land. Men normally have more knowledge than us (women).

Female shrimp farmer, aged 45, Thi Tuong Hamlet

Due to high alum content in the soil and the lack of technological information, Hoa 
My shrimp farmers, despite abundant shrimp land, did not get expected results. 
This is contrary to Tan Chanh where people were successful in raising shrimps from 
the beginning. In Hoa My, at the beginning, the majority of farmers suffered severe 
losses. While they invested a lot of money in pond building and shrimp fry (at the 
beginning, the price of shrimp fry was much higher than at present), they gained 
nothing from shrimp farming. Moreover, they could not grow rice because of water 
salinity, while they had no experiences in dealing with this. With this new liveli-
hood, people have neither a stable source of income nor food. In the past, as rice 
production provided enough food for the whole year thanks to abundant land, the 
majority of farmers could sell the excess volume of rice to get cash and had other 
sources of cash such as gardening and fresh-water fish catching and raising. Due to 
repeated losses in shrimp production since 2001 and the excess of labor in agricul-
ture, young people have chosen to migrate to other places to get jobs. They have 
become workers in various factories in other provinces such as Binh Duong, 
Dong Nai, and Ho Chi Minh City at an approximate distance of 400 km from Ca 
Mau, or have gone to get manual labor jobs in the same or neighboring provinces. 
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Shrimp farmers are mainly middle-aged and young people who are responsible for 
staying home to take care of their families.

Due to the abundance of land and scattered settlements, shrimp theft has become 
common in Hoa My. This phenomenon contributes to the losses suffered by local 
people, who often suffer from shrimp failures as well. Shrimp theft threatens people’s 
livelihoods. Shrimps are much easier to be stolen than fish and other agricultural 
products. Local inhabitants have to watch their shrimp fields all night. However, 
because their fields are too large to be watched vigilantly, shrimps are often stolen. 
Thiefs often use pesticide to catch shrimps effectively and quickly. Pond owners not 
only lose their shrimps but also suffer such major environmental damage that it 
makes it hard for them to raise subsequent crops. This problem contributes signifi-
cantly to the insecurity in people’s material lives.

Thanks to the high value of shrimps, shrimp farming generally brings a much 
higher profit for farmers than rice in saline-water areas. However, along with this high 
profit, people have to face new kinds of risk which are associated with this new 
pattern of livelihood. A farmer makes an evaluation of the shift from rice to shrimps 
as follows:

Fresh water ecology is very good. Trees are luxuriant. Aquatic varieties are abundant. At 
present, they have died out. In letting saline water into fields to raise shrimps, people have 
more difficult lives than in the past. Previously, we had various natural sources of income. 
Now, we can only rely on shrimps. Raising shrimps, despite its insecure earnings, is better 
than rice farming in terms of labor intensity and efforts. If we are lucky, we can earn much 
more money with less labor and effort than in cultivating rice.

Man, aged 74, Thi Tuong Hamlet

In this new livelihood pattern, local inhabitants face an internal conflict in the com-
munity. That is a conflict among farmers regarding the use of water for shrimp 
farming. In Ca Mau, it is a conflict between extensive and intensive shrimp farmers. 
Although there are regulations for intensive farmers regarding the dredging of their 
ponds, it is hard to check their compliance. Extensive shrimp farmers often accuse 
intensive shrimp farmers of lack of compliance, leading to waste water from inten-
sive ponds, polluting extensive ponds as a farmer provides details:

Water is polluted. It’s polluted because we do not have enough money to buy lime powder 
and fertilizer to treat it. Moreover, waste water and residues from intensive ponds greatly 
contribute to the pollution. When we get that water, we cannot raise shrimps. Recently, 
intensive ponds increasingly release waste into canals. Extensive farmers get that water 
without any treatment like in intensive farming. Their shrimps have consequently died out. 
Intensive farmers use many “toxic” chemicals to treat water, Shrimp food residues and 
various chemicals over months are then released to the environment. Other people get that 
water and their shrimps will certainly die.

Man, aged 60, Thi Tuong Hamlet

In Long An, because people practice advanced shrimp culture, they have to invest 
a lot in shrimp food. Although there are regulations on draining water; due to indi-
vidual benefits, people do not follow them. For example, when someone’s shrimps 
die out because of diseases, according to regulations, he has to use chemicals to 
sterilize the pond before draining water out of the pond. However, people often do 
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not do it because of high costs. If neighboring farmers use this affected water, their 
shrimps will likely catch diseases. For another example, the waste water from a 
farmer’s shrimp pond can damage his neighbors’ ponds, especially those which are 
farthest from canals. In both communities, the layout of shrimp ponds depends on 
individual households. Therefore, there are often no separate channels for fresh-
water inflow and waste-water outflow. People get water from, and release water into 
the same canals. This condition is conducive to the outbreak of shrimp epidemics. 
The following narrative illustrates the situation:

In raising shrimps, if water is polluted, shrimps will die. If everybody has a good con-
science and self-awareness like me, I am sure the situation would be improved. When water 
in their ponds is dirty, farmers should release the water only when the tide is low so that 
dirty water is washed far away. However, they wait for high tide to change water. Therefore, 
waste water from their ponds runs further inland. Those who live downstream from the 
canals will be affected by released waste water.

Man, aged 70, Dinh Hamlet

16.5  Rice-Shrimp Farming: An Environmentally  
Friendly and Sustainable Adaptation

Rice–shrimp rotation farming is considered to be more efficient and more sustainable 
than rice or shrimp monoculture system (Tran Thanh Be 1994, iv; Vuong and Lin 
2001, 3). However, at first, the Mekong Delta farmers did not practice this system 
for the aforementioned reasons. Gradually, with cumulative experiences in shrimp 
farming and rice growing in saline-affected areas, the great support from local 
government, and some farmers’ successful experiences with rice–shrimp rotation 
and their greater food security, shrimp farmers nowadays recognize the benefit of a 
rice–shrimp rotation. People do recognize that rice cultivation improves the environ-
ment for shrimps, and shrimp waste fosters paddy growth. In Long An, when the rainy 
season comes, farmers prepare their fields for growing rice. They use short-cycle 
rice varieties so that they can harvest rice before the shrimp-raising season. At the 
beginning of the rainy season, farmers practicing shrimp-rice rotation flush salinity 
out of their fields, using rain and fresh water from canals, in order to grow rice. 
Although in Long An, farmers do not raise shrimps in the rainy season; in Ca Mau, 
farmers do. The latter raise Black tiger shrimps which are familiarized with fresh 
water (tôm hầm đất) in the rice fields. Shrimps live in the ditch while rice grows in 
the field. Shrimp farmers perceive the advantage of rice–shrimp rotation as follows:

Although growing rice is not as profitable as raising shrimps, rice cultivation is good for 
shrimps because it reduces the pollution resulting from the waste generated by shrimp-
raising in the pond. Therefore, every year I try to grow rice regardless of yield and the 
rodent problem. Last year, in the 4,000 m2 pond (with around 2,000 m2 rice field), I only 
got five giạ (equivalent to 100 kg) of paddy. In the rice-growing time, 1,000 m2 yielded 
240 kg of paddy. This year I still keep growing rice.

Man, aged 75, Dinh Hamlet
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The reality of this rotation practice in the two communities studied shows that 
although farmers have chosen the right varieties of rice for saline-affected areas, the 
problems relating to irrigation water and consistently maintaining the rice–shrimp 
rotation have not been resolved. For example, in Hoa My of Ca Mau, in 2009, 
during rice cultivation from the eighth to the eleventh month of the lunar year, when 
the level of saline water rose unexpectedly, low surrounding dikes could not prevent 
saline-water intrusion into rice fields. Consequently, many households lost their 
rice crops. In Tan Chanh of Long An, people are reluctant to grow rice for the 
following reasons: (1) some have converted their rice fields to deep shrimp ponds 
and no longer have fields to grow rice; (2) some do not want to grow rice because 
of their limited land and because of low yield incommensurate with efforts;  
(3) some still practice rice growing, but they have to put much effort into protecting 
their rice paddies from rodents and birds for a very modest rice yield.

16.6  Conclusion

The shift from rice to shrimp leads to ecological changes. This shift shows that the 
environment is a social process in which humans constantly shape their environment 
and in turn have to adapt to this “created” environment by changing their socioeco-
nomic lives. In the shift from rice to shrimps, when people cannot adapt to ecological 
change locally, labor migration becomes the optimal solution. Although it is 
the result of labor excess in the context of a reduced need for labor in shrimp 
farming, this phenomenon can also be seen as an indicator of agricultural unsus-
tainability. In reality, rice-shrimp farming has been proven to be a sustainable 
practice. However, we need to pay more attention to measures to apply this practice, 
as demonstrated by this case analysis of shrimp-farming practices in the two 
communities studied in Vietnam.
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Abstract This study deals with the importance of investment and trust in designing 
a high-quality, export-oriented fish value chain. It analyzes relationship quality in the 
Pangasius industry in order to improve product quality through closer supply-chain 
coordination. According to findings from several research streams, we argue that 
relationship quality must be conceptualized as a function of trust and investment. 
Consequently, we derived a conceptual model that links commitment and trust to 
relationship quality. The analysis brings together assumptions and concepts from a 
variety of sources ranging from Porter’s value chain to transaction-cost economics 
to institutional economics.

To verify the applicability of the model, we conducted a survey in the Pangasius 
industry of Vietnam. The data were obtained from a sample of 120 Pangasius 
farmers and 5 Pangasius processing/export firms in the Mekong River Delta (MRD), 
Vietnam. Each interview made was taped and properly transcribed. We collected 
relevant information by interviewing the managers of four processing/export firms. 
In addition, we consulted secondary data by making use of documentary informa-
tion, archival records from relevant organizations, and secondary sources. Hence, 
using different sources of evidence, we were able to triangulate our findings on the 
main issues under study.

Keywords Relationship quality • Trust • Transaction-specific investments  
• Value chain
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17.1  Introduction

In recent years, many businesses have recognized the importance of commitment 
and trust in improving the performance of exchanging parties (Tsegai 2006; Boersma 
et al. 2003; Nooteboom 1999; Sako and Helper 1998; Forsgren et al. 1995; Morgan 
and Hunt 1994; Easton and Araujo 1994; Williamson 1993; Hakansson and 
Johanson 1992). As a result, a great deal of attention has been paid by both eco-
nomists and sociologists to concepts relevant for studying investment and trust 
(Williamson 1985; Hakansson and Snehota 1995). The economic and sociological 
approaches differ in their theoretical assumptions and concepts. Generally speak-
ing, economists approach these issues via transaction-cost analysis, while sociolo-
gists do so via networking theory. However, several efforts have been made to 
bridge the gap between these two perspectives, e.g. views of transaction cost 
economics and networking theory on the discussions of investment and trust 
(Johanson and Mattsson 1987; Nooteboom 1993). Their findings show that while 
transaction-cost approach focuses on the opportunistic behavior of exchanging par-
ties and the risk associated with it, networking theory focuses on its correlate: trust. 
Networking theory also argues that trust minimizes transaction costs and that it can 
provide the basis for a viable governance structure in a dynamic network environ-
ment (Hakansson and Johanson 1993). Transaction-cost theory explains investment 
in terms of credible commitments or the reputation of the firm, and its discussion 
is limited to relationship-specific investments. Networking theory notes that invest-
ment is the outcome of mutual adaptation processes and provides a broader way of 
measuring investments made in a relationship.

In this chapter, we want to test the extent to which networking theory can integrate 
the main concepts of transaction-cost theory on investment and trust. Our approach 
seems in line with Williamson’s view (1992) that transaction-cost economics needs 
to be refined and extended. It is also argued that such an integrated networking 
theory provides a better explanation of the problems of the seafood industry and 
other industries (Anderson et al. 1994; Dryer 1996; Jarillo 1988; Gulati 1995; Sven 
and Gronhaug 1995; Mitullah 1999; McCormick 1999). Based on this integrated 
networking theory, a comprehensive conceptual framework is developed.

In order to test the applicability of the model derived, we made a study on the 
Vietnam Pangasius industry by specifically analyzing the importance of investment 
and trust between fish suppliers and export firms, which groups both want to meet 
the demand of EU fish importers. In Vietnam, the largest production of aquaculture 
comes from the MRD, varying between 60 and 70% of total production during 
the last decade (MOFI 2008). The MRD in the southern part of Vietnam is known 
as the region for Pangasius farming. Pangasius has emerged as one of the key 
aquaculture species by value and volume in Vietnam. At the moment, Pangasius is 
exported to over 80 countries world-wide (VASEP 2008). In 2008, the EU was the 
largest importer of Pangasius. The EU imported 40% of the total Pangasius export 
volume. Expectations of future market demand in the Pangasius sector are robust. 
Consumption of white fish fillets is increasing, and wild stocks (especially in 
Europe) continue to decline (Globefish 2008).
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17.2  Theoretical Approach

This section analyzes transaction-cost theory in relation to networking theory. 
The basic focus in transaction-cost theory concerns efficiency. In the case explored 
here, we found this theory inadequate for several reasons. However, the concept of 
efficiency can be integrated into networking theory. Networking theory makes a 
distinction between “transfer activities,” which are related to efficiency, and “trans-
formation activities,” which are related to effectiveness (Hakansson and Johanson 
1992). More specifically, the networking perspective proceeds under the assump-
tion that instead of minimizing the cost of one transaction alone, the efficiency 
criterion should be based on a set of transactions between two parties or should 
be aimed at maximizing the joint transaction value of a given transaction among 
several value-system actors (Zajac and Olsen 1993). In this case, the unit of 
analysis concerns the relationship rather than one discrete transaction, which 
provides a strong basis for understanding the coordination of industrial activities 
in a broader context. Also, the network approach considers transaction costs as 
only one aspect of the total network relationships. To achieve an overall assess-
ment of the network relationship, these costs must be compared with the total 
advantages of cooperation.

Transaction-cost theory claims that the choice of governance structure is deter-
mined by attributes of a given transaction and certain assumptions regarding human 
behavior (Williamson 1985). In order to guarantee the quality standards, vertical 
coordination between small-scale farmers and their chain actors are crucial (Ziggers 
and Trienekens 1999; Hobbs and Young 2001; Boger 2001; Schulze et al. 2006). 
Vertical coordination is important when examining ways to reduce transaction 
costs. In their study of agri-food supply chains, Hobbs and Young (2001) state 
that a reduction in transaction costs through vertical coordination is beneficial to 
both the firm and the farmers. The firm gets an assured and timely supply of the 
desired raw material. On the other side, the farmers get an assured market for 
their produce. Moreover, they gain more reliable access to production inputs, 
capital, technology, and market information (Han et al. 2006; Hobbs and Young 
2001; Ruben et al. 2007). Therefore, smallholders can remain involved in using 
different strategies for improving vertical and horizontal coordination (Kaplinsky 
and Morris 2000; Henson et al. 2000; Key and Runsten 1999). Most work employing 
transaction-cost theory also shows that a high level of asset specificity leads to 
high-sunk costs. Furthermore, this implies that firms are likely to stick to a particular 
operating structure and therefore will not be able to respond to strategic changes in 
market expectations or competitive conditions. Due to the sunk costs, asset speci-
ficity can also be viewed as a variable that may have a negative influence on the 
development of long-term business relations. Note, though, that from the networking 
perspective, the concept of asset specificity is very closely related to the discussion 
of heterogeneity, mutual adaptation, power, and market assets (Hagg and Johanson 
1982; Johanson and Mattsson 1987). According to the networking approach, 
investment is realized as a result of a mutual adaptation process and is positively 
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related to the development of closer relationships. Firms in the network are engaged 
in exchange processes, and every transaction made is considered to be an investment. 
This investment concept is integrated in our conceptual model as one of the key 
features of relationships.

Frequent exchanges between partners may be the result of a gradual development 
of trust that helps partners to lower transaction costs by safeguarding against oppor-
tunism. The implications of the effect of trust on governance structures are generally 
ignored in transaction-cost theory. This limitation of social embeddedness of 
economic actions and trust is best dealt with in networking theory (Granovetter 
1985; Uzzi 1997; Grabher 1993). From a networking perspective, opportunism is 
not considered as a basic characteristic of the actor. Instead, trust is an important 
concept in the networking approach. We share the view that informal networks 
reduce transaction costs because of the high level of trust in the relationships. A high 
level of trust enables firms to reduce negotiation costs; it helps to reduce transac-
tional uncertainty; and it creates opportunities for the exchange of goods and services. 
Hence, our conceptual framework relies heavily on instruments that build trust. 
A detailed discussion on this issue is presented in later sections.

17.3  The Conceptual Framework

Based on the theoretical discussions, we derived two strongly inter-related elements: 
investment and trust, crucial for analyzing network processes.

17.3.1  Investment

If industry actors are to realize their objectives – such as getting access to resources 
or markets – each actor is expected to invest in relationships. The concept of invest-
ment in marketing and networking theories deserves special attention. Empirical 
studies – that of Easton and Araujo (1994), for example – show that Williamson’s 
concept was a very narrow one, essentially concerning the bare minimum investment 
that a partner needs to make to sustain a relationship at all. They proposed a hierarchy 
of investments within buyer–seller relationships. Also, in Hagg and Johanson 
(1982) and Forsgren et al. (1995) three types of market investments are analyzed: 
general, market-specific, and relationship-specific investments. General market 
investment relates to overall investments made in a business. Market-specific 
investments refer to investments made for a specific market, product, or geographical 
region. Finally, relationship-specific investments are investments in which the value 
becomes zero if the relationship comes to an end.

In our conceptual model, we considered two types of investments, namely 
market-specific investments and relationship-specific investments, and we adopted 
some arguments from Hagg and Johanson (1982) in analyzing market investments. 
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To develop business relations, firms should make market-specific investments, 
which are flexible by nature and do not necessarily create sunk costs. For instance, 
flexibility is found to be one of the most important characteristics of successful 
firms in the seafood industry [2]. This is because the industry mainly relies on 
access to marine resources, predominantly fish, and the monthly catch fluctuates. 
At the same time, the demand for fish also changes from time to time. In such a 
situation, firms are expected to be flexible enough to re-adjust to such changes by 
adapting their organizations in terms of size, form of production, or technology. 
This implies that firms do not necessarily have to invest in assets that create sunk 
costs. It is also possible for industry actors to invest in relationship-specific invest-
ments. This especially holds true when exporters prefer to get a regular supply of 
fish: To make this possible they develop business ties with individual fish suppliers 
by providing credit or other services.

17.3.2  Trust

The literature clearly shows that trust creates stability and guarantees continuity in 
the relationships between industry actors, and it is the glue that holds such relation-
ships together. Several studies consider trust as a central feature of business rela-
tionships and propose different ways of measuring trust. For instance, Sako (1992) 
identified three types of trust, namely, contractual, competence, and goodwill 
trust. Similarly, Shapiro et al. (1992) discussed deterrence-based, knowledge-
based, and identification-based trust. Mishra (1996) focuses on competence, reli-
ability, and openness in defining trust. According to Doney and Cannon (1997), the 
development of trust involves five processes: calculative, capability, predictive, 
intentionality, and transference [3]. Zucker (1986) defined trust as a set of expecta-
tions shared by all those involved in an exchange and identified three dimensions 
of trust, namely process-based, characteristics-based, and institutional-based trust. 
Such classification integrates most of the instruments of measuring trust as 
explained by other researchers and allows us to examine the concept of trust in 
broader perspective. Hence, in our study, we adopted Zucker’s (1986) definition 
and classifications of trust, but redefined process-based trust as competence trust.

Competence trust is based on concrete experience concerning certain behavioral 
patterns. It results from the dynamics of past and future exchange processes, and it 
is influenced by the reputation of industry actors. Each party gathers information 
on past transactions on the basis of which they can evaluate the other partner’s 
trustworthiness. As a means of evaluation, they consider both technical and mana-
gerial competences in living up to their promises. Competence trust combines the 
explanations provided by Sako (1992) on the same issue and the discussions of 
Shapiro et al. (1992) on knowledge-based trust. It is also consistent with the discus-
sions of Mishra (1996) and Doney and Cannon (1997). Characteristic-based trust 
refers to the influence of social norms, religion, personal bonds, or friendship in 
the relationships between industry actors. This is similar to the discussions of 
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Sako (1992) and Shapiro et al. (1992) on goodwill trust and identification-based 
trust, respectively. According to Williamson (2000), characteristic-based trust 
represents a level 1 form of institutional arrangement, which is characterized by 
informal institutions, customs, and norms.

Institutional-based trust concerns formal social structures, which are usually 
backed by sanctions based on the law. These include property rights, business 
contracts, formation of fish cooperatives, and fishery legislations. This type of trust 
incorporates the discussion by Sako (1992) on contractual trust and the implications 
of deterrence-based trust, as articulated by Shapiro et al. (1992). Similarly, accord-
ing to Williamson (2000), institutional-based trust represents level 2 and level 3 
forms of institutional arrangements, which include the rules of the game and actual 
playing of the game itself (Fig. 17.1).

17.4  Research Design

Let us say a few words about our research design. Obviously, there is no single 
perfect research design; the particular method or methods to follow depends on the 
research problem and its purpose (Yin 1994; Miles and Huberman 1992; Ghauri et al. 
1995). Our research design is aimed at selecting a research method that is relevant 
to finding an answer to our research question: What is the role of investment and 

Industry actor
(Smallholders)

Industry actor
(Export firm)

Investment
-Market-specific investment 
-Relationship-specific investment

Trust
-Competence trust 
- Institutional-based trust 

Organizational form of 
quality relationship

Fig. 17.1 Conceptual framework of the importance of investment and trust in developing busi-
ness relations between fish farmers and export firms
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trust in organizing an export-oriented fish supply chain in the Vietnam fish industry? 
We make use of case studies. A case-study design depends on the unit of analysis. 
The unit of analysis may be an individual, a firm, a decision, or a program (Yin 
1994). In choosing the case, the most important criterion is that we learn as much 
as possible from the case (Stake 1995). In our research, the unit of analysis refers 
to the business relationship that a firm has with other organizations. Accordingly, 
we developed a case-study protocol that is in line with the model, and each vari-
able was properly classified and made operational. Each actor in the relationship is 
asked questions specifically related to investment and trust. In order to verify the 
applicability of the model derived, we studied business relations between fish 
 suppliers and export firms in Vietnam.

There are different ways of collecting data. The case study and survey methods are 
two of the most frequently used research methods. In a survey method, samples 
are usually large, and the focus is not on an individual in a sample but rather on the 
general profiles or statistics derived from individual cases. Questionnaires, personal 
interviews, and telephone surveys are some of the methods typically used in the 
survey method. According to Yin (1994), a case study is defined as “an empirical 
enquiry that investigates a contemporary phenomenon within its real-life context, 
especially when the boundaries between the phenomenon and context are not clearly 
evident.” In a case study, a single subject or phenomenon which is bound by time 
and activity (event, process) is explored. The case study’s strength is its ability to 
deal with a full variety of evidence like documents, interviews, and observations.

In order to understand the view of fish suppliers, we carried out both case study 
interviews and survey research. A case study and survey methods may complement 
each other. In our research with fish suppliers, we found that it is useful to start 
with a case-study approach and then employ the survey method. By using both a 
case-study approach and survey research we managed to gather all relevant infor-
mation, which allows us to present a compete case study on fish suppliers. In total, 
there are 11 villages in An Giang Province; and, after consultation with key fishery 
experts, we selected three fish villages for a case study. Accordingly, we carried out 
a case-study interview with 26 farmers. The respondents were asked about their 
views on the importance of investment and trust in developing business relations 
between themselves and export firms. Each interview was taped and properly tran-
scribed. To complement the case-study results, we also administered a survey, 
through semi-structured questionnaires, with 120 fish farmers selected from six 
villages. This study examines questions relating to quality control and the quality-
assurance system at the processing-firm level. Information regarding the five pro-
cessing firms located in survey areas was obtained by interviewing the quality-control 
managers of these firms. The processing firms that were selected all produce for the 
international markets and include all three kinds of ownership forms in the region 
( joint stock, private, and state-owned firms). In the survey, the variables were 
classified; and the respondents were asked to rate the importance of each variable 
through a five-point Likert scale: (1) not important at all, (2) not important,  
(3) neutral, (4) important, and (5) very important. We presented the frequency, 
mean, and standard deviation of each response using an SPSS statistical package. 
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The results of both case-study interviews and the surveys were linked to each 
variable under investigation and were compared with the views of partner firms. 
In order to verify the views of both respondents, we also referred to financial 
records and reports prepared by respondents and other organizations. Hence, using 
different sources of evidence, we were able to triangulate our findings on the main 
issues under study.

17.5  Analysis

In this study, an analysis is made regarding the importance of investing in the rela-
tionship between fishermen and export firms and the role of trust in maintaining the 
relationship. The importance of flexible supply contracts as an organizational form 
of relationship is discussed as well.

17.5.1  Investment Made in Relationships

In order to gain access to credit and to obtain attractive fish prices from the 
export firm, fishermen have to show their willingness to make market-specific and 
relationship-specific investments. Regarding market-specific investments, we asked 
the respondents to rate two variables: the “willingness to invest in advanced quality 
assurance” and the “willingness to use new technology.” According to the survey, 
92% of the respondents said that a “willingness to invest in advanced quality 
assurance” was (very) important. Sixty-two percent of the respondents rated the 
“willingness to use new technology” as (very) important. In particular, they said that 
they were prepared to invest in waste-water treatment ponds and good aquaculture 
practices (Table 17.1). About 24% of the respondents answered that they did not 
need to invest in modern quality assurance for they already had these facilities.

Fish farmers are also expected to make commitments to the export firm in the 
field of relationship-specific investments. The respondents were shown four 
variables, and they were asked to rate each variable in terms of its importance. 
These variables were “willingness to deliver fish after every crop to the same pro-
cessing firms,” “commitment to deliver quality fish,” “readiness to deliver fish in 
large volumes,” and “adaptation to production schedules.” According to the survey 
results, 86% of the respondents rated “willingness to deliver fish after every crop 
to the same processing firms” as being (very) important, and 84% agreed that a 
“commitment to deliver fish in large volumes” was (very) important. The respon-
dents who rated “commitment to deliver quality fish” and “adaptation to produc-
tion schedules” as (very) important made up 48% and 46%, respectively 
(Table 17.1). These findings show that fish farmers realize the importance of pro-
viding a regular supply of fish in large volume in order to develop relationships 
with export firms. However, the respondents found the delivery of quality fish to 
be less important for the  relationship. According to the respondents, it requires more 
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of an effort and more costs to provide quality fish – and above all, fish farmers cannot 
predict what quality of fish they sell, for this is mainly a matter of luck. This often 
prevents fish farmers from delivering quality fish within a specific time schedule.

17.5.2  The Role of Trust in Maintaining the Relationship

The amount of investments to be made by both fish farmers and processing/export 
firms may change in time and will be influenced by the level of trust developed 
between the parties. According to our conceptual framework, two forms of trust 
explain the relationship between fish farmers and processing/export firms, namely 
competence trust and institutional-based trust.

17.5.2.1  Competence Trust

Competence trust concerns the managerial and technical ability of a fish farmer or 
an export firm in dealing with its promises and agreements. From four variables the 

Table  17.1 The importance of investment in the future relationship between fish farmers 
(N = 120) and processing/export firms (Source: Survey data 2008)

Factors

Importance of investment

Very 
important Important Neutral

Not 
important

Not 
important 
at all Mean

Standard 
deviation

Market-specific investments
Willingness to invest 

in advanced 
quality assurance

73.0 19.0  4.8  3.2 0.0 4.62 0.73

Willingness to use 
new technology

25.4 36.5 14.3 20.6 3.2 3.60 1.17

Relationship-specific investments
Willingness to deliver 

fish after every 
crop to the same 
processing firms

46.00 39.7 11.1  3.2 0.0 4.29 0.79

Commitment to 
deliver quality 
fish

12.7 34.9 25.4 22.2 4.8 3.29 1.09

Readiness to deliver 
fish in large 
volume

44.4 39.7  7.9  1.6 6.3 4.14 1.07

Adaptation to 
production 
schedules

15.9 30.2 27.0 19.0 7.9 3.27 1.18

Survey results on the views of fish farmers
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respondents were asked to select the ones that best represent the competence of 
export firms in the future. The variables include attractive prices, the promise of 
being a regular buyer, the provision of credit, and the provision of market informa-
tion. The survey results reveal that 84% rated “credit provision” as (very) important 
and 52% rated “attractive prices” as (very) important. On the other hand, 52% and 
19%, respectively rated the variables “regular buyer” and “provision of market 
information” as (very) important (Table 17.2). This confirms that in order to win 
the confidence of fish farmers and to develop trust, processing/export firms should 
provide credit and set an attractive fish price. This may increase the number of fish 
farmers who regularly supply fish to the export firms.

Export firms stressed that the competence of a fish farmer is best evaluated by 
his reputation as a regular supplier and by his punctuality in meeting deadlines. 
However, export-firm respondents complained that fish farmers failed to exhibit the 
desired competence because they could not regularly supply, and also they did not 
adhere to quality requirements.

17.5.2.2  Institutional-Based Trust

Institutional-based trust is associated with property rights, laws, and mechanisms 
of enforcing laws that influence the relationship of fish farmers with the processing/
export firms. So far, contractual agreements between fish farmers and export firms 
were almost non-existent, and the few agreements that did exist consisted of oral 
promises. The respondents were asked to evaluate the importance of written and 
non-written contracts in the future. Eighty-three percent rated “written contracts” 
and 30% “non-written contracts” as (very) important (Table 17.2). The managers of 
export firms think that written contracts are better than unwritten ones because they 

Table  17.2 The importance of trust in the future relationship between fish farmers and processing/
export firms (N  = 120) (Source: Survey data 2008)

Factors

Importance of trust

Very 
important Important Neutral

Not 
important

Not 
important 
at all Mean

Standard 
deviation

Competence-based trust
Attractive price 46.0 30.2 11.1 12.7 0.0 4.10 1.04
Promising to be a 

regular buyer
20.6 31.7 42.9 4.8 0.0 3.68 0.86

Getting access to 
credit

44.4 39.7 12.7 1.6 1.6 4.24 0.86

Providing market 
information

 4.8 14.3 34.9 46.0 0.0 2.78 0.87

Institutional-based trust
Written contracts 71.4 11.1  7.9 7.9 1.6 4.43 1.04
Unwritten contracts 11.1 19.0 27.0 25.4 17.5 2.81 1.25
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can be used as a reference document in case one of the parties refuses to act according 
to the agreement.

Fish farmers were shown five variables of importance in the design of a flexible 
supply contract, and they were asked to rate each variable in terms of its impor-
tance. The variables included realizing a reasonable profit margin, fixing the dura-
tion of the contract, quality specifications, quantity specifications, and just-in-time 
delivery. The results are shown in Table 17.3. They confirm that fish farmers are 
more interested in profitable contractual agreements, which allow them to supply 
fish in large volumes to the export firms.

The respondents from the export firms pointed out that apart from allowing a 
reasonable profit margin, the contract should also stress just-in-time delivery as well 
as quality specification. This also shows the preference for the delivery of quality 
fish over quantity, because the export firms prefer to buy specific species that are in 
high demand on the world market. The managers considered demand conditions, 
cost of fishing supplies, fixing the lifetime of the contract, and the exchange of mar-
ket information as relatively less important. To conclude, the main finding is that 
both fish suppliers and exporters are willing to enter into a flexible supply contract 
that is profitable for them.

17.6  Discussion

The case study and survey results indicate a number of findings. More broadly, the 
findings show the importance of making investments to develop business relations 
between fish farmers and processing/export firms. The relationships between the 
buyers–suppliers may be used to find solutions for the smallholders participating in 
global markets. The responding fish farmers pointed out their willingness to invest in 
advanced quality assurance, to use new technology, and to deliver in large volumes 
to a single export firm. Smallholders generally lack some of the capabilities needed 

Table 17.3 The importance of flexible supply contract in the future relationship between fish 
farmers and processing/export firms (N = 120) (Source: Survey data 2008)

Factors

Importance of flexible supply contract

Very 
important Important Neutral

Not 
important

Not 
important 
at all Mean

Standard 
deviation

Gaining a reasonable 
profit margin

77.8 17.5 4.8 0.0 0.0 4.73 0.54

Fixing a specific 
contract in 
advance

17.5 44.4 19.0 11.1 7.9 3.52 1.15

Fish quality 
specification

 9.5 25.4 36.5 25.4 3.2 3.13 1.01

Quantity specification 36.5 39.7 9.5 7.9 6.3 3.92 1.17
Just-in-time delivery 14.3 44.4 27.0 7.9 6.3 3.52 1.04
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to comply with the high-quality requirements of processing firms. In order to solve 
this deficiency they can improve their position by horizontal coordination among 
themselves and vertical coordination with their buyers through farmers’ groups. In 
addition, public and private intervention in providing market information, enforce-
ment of agreements, establishment of quality-assurance systems, and the provision 
of appropriate financial services are crucial to facilitating the business relations 
between farmers and processors.

The size of the investment made by fish farmers and export firms through time 
is also influenced by the level of trust developed between the parties. The case 
study and survey results confirm that providing credit and setting attractive fish 
prices are not only the reasons for fish farmers to develop a relationship with an 
exporter, but the considerations are also major criteria to evaluate the competence 
of an exporter. According to the export firms, the competence of a fish farmer is 
best evaluated by his reputation as a regular supplier and his punctuality in meeting 
deadlines. It is also found that both fish farmers and exporters are willing to use a 
written flexible supply contract that is profitable to both of them. Such a contract 
can be realized by linking the main activities performed by fish farmers and export 
firms, and by developing commercial ties related to pricing decisions, credit ties that 
are concerned with sanctioning loans, and technical ties related to the adaptation of 
production processes.

17.7  Conclusions

This chapter attempts to bridge differences between the transaction-cost theory and 
networking theory by integrating the assumptions and limitations of transaction-
cost theory into the discussion of networking theory. The theoretical discussions 
and the field research confirm the usefulness of networking theory in dealing with 
supply-chain problems. In order to verify the applicability of the framework derived, 
we considered the features of investment and trust in developing business relations 
between fish farmers and processing/export firms in a new business environment: 
the Vietnam Pangasius industry. In so doing, we hoped to contribute to the existing 
discussions on networking theory by exploring the extent to which such concepts 
could be applied in a totally different setting such as the Vietnam fish industry. The 
framework considers market-specific investment, relationship-specific investment, 
competence trust, and institutional-based trust. The case study and survey results 
demonstrated that the variables included in the framework were useful in analyzing 
supply-chain problems in the Vietnam fish industry. Industry actors acknowledged 
the importance of market-specific and relationship-specific investments in order to 
realize each other’s objectives. Through time the relationship between both actors is 
influenced by the level of trust and extent of resource control exercised by exchang-
ing parties. Managerial and technical competences of partners, compliance with 
formal and informal mechanisms of enforcing laws, and the existence of balanced 
bargaining power are also important factors for maintaining the relationship. 
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Public–private partnerships can play a key role in facilitating market linkages that 
can enable small-scale farmers to satisfy the market demands for food safety and 
quality while retaining a position in the supply chain. The government and the 
private sector can help farmers expand and upgrade their capabilities and practices 
to meet the quality requirements of global markets. There is a decisive role for 
the government to play in establishing an institutional order that guarantees the 
legal framework and defines transparent rules for conflict settlement. Farmers can 
only make the required investments to improve delivery frequency and quality 
when they can be relatively certain of available market outlets. The same concepts 
can also be applied in dealing with problems of the fish industry of other develop-
ing economies.
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Abstract Vietnam’s overall mollusk production is estimated at 300,000–350,000 
tons a year, of which clam production is estimated at about 60,000 tons. In the 
Mekong Delta, this species is concentrated mainly in six coastal provinces – Ben 
Tre, Tien Giang, Tra Vinh, Soc Trang, Bac Lieu, and Ca Mau.

In October 2009, the Ben Tre clam fishery received Marine Stewardship Council 
(MSC) certification, becoming the first fishery in Southeast Asia to meet the 
Council’s sustainability and management standards. Meretrix lyrata – “Ben Tre” 
clam – became a famous commercial brand, a highlight of fresh aquaculture not 
only in Vietnam but also in the world.

This chapter focuses on assessing the relationship between natural conditions 
and the formation and development of clam grounds in Ben Tre Province as well as 
other parts of the Mekong Delta.

Statistical analysis based on survey data in 2007–2009, linked with the assess-
ments of live server data and processed satellite image data, revealed the quantitative 
relationship between various environmental parameters and clam yield. The optimum 
environmental criteria set for the growth of clams have been established.

Based on the analysis of remote sensing data (aerial photographs, archived satellite 
images) in comparison with survey data, the evolution, formation, and development 
of clam grounds in these regions have been defined. Some recommendations on 
expanding the findings in the area studied to the whole Mekong Delta have been 
proposed, and the findings have been assessed in relation to various climate-change 
and human-interference scenarios.
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18.1  Introduction

Meretrix lyrata is a bivalve mollusk inhabiting the intertidal and shallow subtidal 
sand flat areas, typically in outer estuarine areas where the proportions of sand and 
mud are around 80% and 20%, respectively (Tuan 1999). The species is found in 
large parts of South East Asia, including Indonesia, the Philippines, Thailand, and 
Vietnam, but is densest in Taiwan and Vietnam. It commonly grows to 50 mm in 
length in intertidal area, but can be much larger in subtidal areas. In the Mekong 
Delta of Vietnam, this species is widely distributed in sand flat areas, and the highest 
density and production were recorded in Ben Tre province.

The Rang Dong Fishery Cooperative (in Thoi Thuan Commune, Binh Dai 
District), established in 1997, is a pioneering cooperative in clam fishing that is 
managed cooperatively by the community. Here, clam fishing is harmonized with 
the protection of the natural environment. Processing factories are also closely con-
nected to the material bases. And, most importantly, profits from the clam fishery 
contribute greatly to poverty reduction in Ben Tre’s coastal communities. In 2007, 
the Cooperative’s profits reached 40 billion VND (approximately 2.2 million 
USD), which greatly improved the incomes of its members. Ten additional clam 
cooperatives have now been established, forming an alliance of coope ratives that 
covers all clam areas in Ben Tre. The cooperatives have 8,744 household members 
in toto and another 35 cooperating units involved in clam fishery, which are based 
mainly in the province’s three sea-front districts of Ba Tri, Binh Dai, and Thanh 
Phu. The harvestable ground area involved is about 9,600 ha, while the total area 
where clams may be grown is more than 15,000 ha. The annual gross volume of 
clams (commercial and breeding) produced is between 8,000 and 27,000 metric 
tons. At the cooperatives, the surpluses from selling commercial clams help mem-
bers in three ways: members share equally in profits, members derive income from 
clam harvesting work, and members benefit via welfare contributions. Nearby 
regions in coastal provinces of the Mekong Delta such as Tien Giang, Tra Vinh, Soc 
Trang, Bac Lieu, and Camau are also potentially ideal for clam production.

In October 2009, the Ben Tre clam fishery received Marine Stewardship Council 
(MSC) certification, becoming the first fishery in Southeast Asia to meet the council’s 
sustainability and management standards. Meretrix lyrata – “Ben Tre” clam – 
quickly became a famous commercial brand, a highlight of fresh aquaculture not 
only in Vietnam, but also in the world.

This chapter focuses on assessing the natural conditions that affect clam 
resources in coastal provinces of Mekong Delta, especial in Ben Tre, Tien Giang, 
and Tra Vinh, where large river mouths exist, typically with funnel shapes and 
broad, sandy tidal flats.

To date, there have been scientific projects on the social, economic, and natural 
conditions in the Mekong Delta relating to the life of Meretrix lyrata. The publications 
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arising from the environmental parameters affecting clam life, including nutrients, 
suspended matters, primary production, and phytoplankton (Phu 1999; An Nguyen 
and Nga 2001; Hung 2000); water temperature and salinity (An Nguyen and Nga 
2001; Hung 2000; Tung 2007); rain fall and number of rainy days (Hao 2001; Tung 
2007); geomorphology, altitude, and grain size of sediment in tidal flats (Tuan 
1999; Tung 2007); the northeast monsoon’s role in shore erosion and siltation on 
tidal flats and in raising mortality levels and constraining the develop ment of clams 
(Tuan 1999; An Nguyen and Nga 2001; Tung 2007).

In their scientific report on Meretrix lyrata in the tidal flats of Tien Giang 
province, Tuan and Thom summarized three main parameters that affect the life 
and development of clams: the content of organic matters, the grain size of sediments, 
and the altitude of tidal flats (Tuan 1999).

The formation of parent clam grounds in Ben Tre strongly relates to the location 
of hydrological frontal zones in near-shore water, according to An Nguyen and 
Nga (2001).

According to Hao (2001), the main breeding season for clams relates directly to 
the rainy season, and breeding grounds in Ben Tre appear to form about 1–1½ months 
after the first rains. During this time, the rainfall is heavy enough and the warmer 
water temperature stimulated parent clams to reproduce and create great breeding 
grounds on tidal flats in Ben Tre.

As a result of the detailed study of biological features of clams such as food 
sources and reproduction characteristics, as well as the construction and analysis of 
a safety index and a “condition” index, researchers have established in a prelimi-
nary way the relationship between environmental and hydro-meteorological param-
eters, biological features, and clam life (Tuan 1999; An Nguyen and Nga 2001; 
Hao 2001; Tung 2007).

However, most studies on the environment and clams in the Mekong Delta do 
not attend to complex spatial and temporal variation in environmental factors 
affecting clams. Due to complex dynamic conditions in tidal flats, the distribution 
of environmental parameters is very complex. The hydrodynamic conditions in 
tidal flats are also very complex. Such conditions are related strongly to ebb- and - 
flood tidal phases, and much previous research has not accounted sufficiently for 
this fact.

Employing new approaches based on remote-sensing techniques and numerical 
and statistic modeling, this chapter attempts to explain in detail the quantitative 
relationship between natural conditions and the formation and development of clam 
grounds in the Mekong Delta (focusing on the tidal flats of Tien Giang, Ben Tre, 
and Tra vinh provinces).

The main goal of this study is to answer two key questions: When do clams 
(include breeding and parent grounds) appear? Where do they develop well?

Some recommendations on broadening the scale of the study to the tidal flats 
with clam grounds in the Mekong Delta as a whole are made, and a plan is proposed 
for selecting suitable sites for clam production in scenarios covering the next 
10–20 years in the Mekong Delta, factoring in the impact of climate change 
(including the effect of sea-level rise and global warming).
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18.2  Material and Methodology

18.2.1  Scale of the Study and Objectives

The study region focuses on tidal flats with clam grounds in three provinces: Tien 
Giang, Ben Tre, and Tra Vinh, within the geographical limits of 106o05¢–106o50¢E 
and 09o30¢–10o25¢N (Fig. 18.1).

Based on the results of previous studies, as mentioned above, and the applicability 
of remote-sensing techniques in marine study, we chose the following environmental 
parameters for an assessment of the relationship between the natural conditions and 
the formation and development of clam resource:

Accumulated rainfall, sea-surface temperature (SST), water salinity (Sal), total • 
suspended solids (TSS), chlorophyll-a (instead of food and nutrient sources).
Hydrological frontal zones, alongshore and tidal currents, water level, and tidal • 
characteristics.
Geomorphologic features (topography and bathymetry) in tidal flats, history of • 
evolution (shoreline and morphological changes), grain size of sediments, and 

Fig. 18.1 Study region in the Mekong Delta
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land use in land base and sea water (including distribution of mangrove forest, aqua-
culture, human settlement, paddy fields, garden trees, relict dunes, etc., and 
formation of underwater relief).

Each parameter group was processed by different methods and satellite imageries 
that will in part be presented below.

18.2.2  Material

18.2.2.1  Investigated Data

Selected results from previous studies on clam life (including data on environmental, • 
bio-resource, and geomorphologic features related to mollusk life) were collected 
from country reports (Tuan 1999; An Nguyen and Nga 2001; Tung 2007) and new 
results from our project (unpublished) in 2007–2009 were employed.
Monthly meteor-hydrological serial data (2002–2008) on rainfall, wind, salinity, • 
and air and water temperature at My Tho, An Thuan, Ben Trai meteorological 
stations were collected for purposes of calibration and validation of the processed 
data derived from satellite imagery.

18.2.2.2  Satellite Imagery and Related Data

A large number of satellite image scenes relating to the Mekong Delta from differ-
ence sources were employed, including:

MODIS image dataset: including 166 daily scenes of MODIS aqua (Moderate • 
Resolution Imaging Spectrometer) sensor (level 2B, 1 km resolution) which 
have been downloaded from the following website (http://oceancolor.gsfc.nasa.
gov/) in 2007–2008. These scenes have been used to extract the spatial distri-
bution field of SST, TSS, and Chlorophyll-a.
The live assess serve data from the Giovanni website of NASA (• http://disc2.
nascom.nasa.gov/Giovanni/tovas/rain.GPCP.2.shtm) was used to extract data on 
the distribution and variation of rainfall, SST, and Chlorophyll-a. They were 
downloaded in grid 0.25°, ASCII format and include 96 monthly ASCII files 
(8 * 12) from 2002 to 2008.
Multi-spectral datasets with high resolution imagery of USGS including: Landsat • 
MSS – 60 m (1973–1977): 5 scenes, Landsat TM – 30 m (1988–1990): 4 scenes, 
Landsat ETM+ − 30 m (1999–2003): 9 scenes, Landsat ETM + − 30 m (2007–
2009): 8 scenes. These datasets were provided directly by the US Geology 
Survey of the USGS.
Multi-spectral datasets with high resolution imagery of the Japan Aerospace • 
Exploration Agency, including: JESR-MSSR1 – 60 m (1984–1988): 14 scenes, 
JERS-VNIR – 18 m (1997–1998): 8 scenes, and ALOS-AVNIR2 – 10 m (2007–
2008): 4 scenes. They were provided directly by JAXA in ALOS-PI contract 
(ALOS PI 326).

http://oceancolor.gsfc.nasa.gov/
http://oceancolor.gsfc.nasa.gov/
http://disc2.nascom.nasa.gov/Giovanni/tovas/rain.GPCP.2.shtm
http://disc2.nascom.nasa.gov/Giovanni/tovas/rain.GPCP.2.shtm
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18.2.3  Methodology

18.2.3.1  Analysis of the Spatial and Temporal Variation in Rainfall

Ninety-six monthly ASCII files on accumulation of rainfall were downloaded from 
the website of Giovanni – NASA and processed by serial time analysis via a special 
statistic technique – EOF (Empirical Orthogonal Function). The EOF technique 
allowed us to obtain and explain the main features of the temporal and spatial 
distribution of rainfall. In principle, this method is similar to the PCA method with 
varimax rotation (PCA is a technique used in multi-variable statistical analysis) 
(Reyment and Jvreskog, 1999).

We organized the data collected on monthly rainfall to create a numerical matrix 
[N × M ], with N = 86 columns representing 86 months and M = 121 rows represent-
ing 121 data pixel of the 0.25° grid cover study region. A reverse matrix [M × N] 
was also used.

Statistica 7.0 software was used for processing.

18.2.3.2  Analysis of the Spatial and Temporal Variation of SST, TSS, 
Chlorophyll-a Derived from MODIS Sensor

One hundred and sixty six daily scenes (2007–2008) from the MODIS aqua sensor 
cover the region of the Mekong Delta. Daily level 2B LAC (local area coverage) data 
with 1 km resolution were obtained from the Distribution Active Archive Center 
Goddard Space Flight Center National Aeronautic Space Administration DAAC/GSFS/
NASA (in website http://oceancolor.gsfc.nasa.gov/). Each image was geo-referenced, 
based on the WGS84 UTM zone 48 North coordinate system. Each data file contained 
the derived Chlorophyll-a, the sea surface temperature (SST), and the six water-leaving 
radiances (nLw, see http://oceancolor.gsfc.nasa.gov/product/SW_nLw.html).

The sea surface temperature (SST) images were extracted from the proto-MODIS 
infrared algorithm (Brown and Minnet 1999).

The Chlorophyll-a images were processed from the OC3M algorithm (Bailey 
and Werdell 2006).

The total solid suspended solid (TSS) images were extracted from the band ratio 
algorithm of nLw443/nLw553 (Murakami et al., 2004).

∧= − + −2 3TSS (mg/l) 10 [0.38786 (2.345* ) (1.0645* ) (1.03167* )]R R R

where

TSS: content of suspended solids in sea surface layer (mg/l).• 
• R = log

10
[(nLw(443)/nLw(551)].

To reduce the effect of cloud cover, monthly composite chlorophyll-a was  computed 
by monthly average (excluding missing data and clouds). The mask image of 
clouds and land from monthly chlorophyll-a images also was used for monthly SST 
and TSS images.

http://oceancolor.gsfc.nasa.gov/
http://oceancolor.gsfc.nasa.gov/product/SW_nLw.html
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18.2.3.3  Application of Multi-Spectral High-Resolution Imagery

For extracting the geomorphologic features (topography and bathymetry) of tidal 
flats, history of evolution (shoreline and morphology changes), grain size of 
sediments, and land use in land base and sea water; some processing procedures for 
extracting geomorphologic features have been used as follows:

Detecting the topography on tidal flats: Based on color composite image 
(Landsat ETM+, MESSR, JERS-VNIR, AVNIR2,…) and by visual techniques and 
screen digitization, we were able to trace the water line and also the morphology of 
tidal flats in each different satellite image with different acquisition times.

According to time and day for acquisition image (restored in metafiles of raw 
images), we could get tidal height by WXTide32 software. The dataset of different 
water lines corresponds with different heights of tidal flats. Figure 18.2 is an example.

Tracing the shoreline and assessing the shore-line changes: The technique used for 
tracing the shore line at different (decadal) times was by the method of band ratio 
combined with threshold value of infrared bands (Van and Binh 2008). These tech-
niques have been used for the assessment of the shore change over decadal periods as 
well as for the erosion–deposition process in areas where a lot of mangrove forests 
exist. The procedure for extracting shore-line changes has been carried out as in 
Fig. 18.3.

Fig. 18.2 Topography of tidal flat in Tien Giang in 2008 was extracted from four imagery scenes 
of Landsat ETM+
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Land-use maps in coastal areas and tidal flats:
The results have been classified by the supervised classification method using 

the Maximum Likelihood algorithm based on ALOS-AVNIR2 images (10 m) during 
2007–2008. The classified objects included were: tidal flat, sediment (sand, silt), 
mangrove forest, morphology in tidal flat, (sand wave, bar, channel, …), river and 
water, shrimp pond, paddy field, garden tree, human settlement, relict dunes, etc. 
The training sites for classification were collected along the coastal area of three 
above named provinces in fields surveyed in 2008.

Hydrological fronts, tidal ebb and flood current, alongshore current, algae 
bloom, eutrophication events, etc. have been detected by visual interpretation and 
screening digitization based on color composite imagery of many kinds of sensors 
such as: Landsat, MESSR, JERS-VNIR, ALOS-AVNIR2.

Raw Satellite Image

Geometry correction

IR*< Threshold Value

Image 1

Image 3 = Image 1* Image 2

Image Filer (3*3)

Image 4

Raster => Vector

Shore Line

Image 2

Blue/NIR*>1 Và Blue/MIR* > 1

Fig. 18.3 Procedure for extracting the shore line
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18.2.3.4  Multi Variable Statistic Analysis

Used for the assessment of the universal relationship between environment 
 para meters and clam yields; Cluster Analysis – CA is the main method used. 
Dataset criteria included: rainfall, SST, difference of sea surface temperature Dt; 
water salinity, chlorophyll, and production of clam (monthly data from 2002 to 
2008 collected from Clam Rang Dong co-operative). Statistica 7.0 software was 
used for processing.

18.3  Results and Discussion

18.3.1  Meteorological Characteristics

The study region lies in the tropical monsoon zone where the air temperature is 
relatively high during the whole year with two distinct seasons: rainy and dry. The 
rainy season lasts from May to November, and the dry season is from December to 
April of the next year. The data from the Southern Branch of the Meteorological–
Hydrological Office showed climate features in this region as follows.

18.3.1.1  Number of Sunny Hours

All regions studied (Tien Giang, Ben Tre, Tra Vinh) had almost the same number 
of sunny hours: 6.80–6.86 h/day. The number of sunny hours changed according to 
season. Almost all days with large numbers of sunny hours were concentrated from 
May to November. During this period, the sky was clear and blue, the cloud level 
was low, and the number of sunny hours fluctuated from 200 to 300 h/month.

18.3.1.2  Air Temperature

The temporal variation is clear. The minimum values for air temperature occurred 
during January (25.5°C). Values then increased quickly and reached a first peak 
during April (29°C). Values then decreased slightly to 28.8°C in May and to 28.0°C 
in June. They then decreased further, before becoming stable within a thermal range 
of 27.4–27.6°C.

18.3.1.3  Wind and Wave Regime

All regions studied were affected by monsoons. The SW monsoon blew during the 
rainy season with an average velocity of about 3.6 m/s and was strongest during 
August (4.5 m/s). The NE monsoon started in October (or a little later); the average 
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velocity was 2.4 m/s and was strongest during February–April with a velocity 
between about 5–8 m/s. During this period the blowing wind was usually dry, hot, 
and when combined with local wind (brize wind), caused shore erosion, sea-level 
rise, high salinity, and also muddy depositions in some areas. This wind and wave 
regime badly affected clams.

18.3.1.4  Rainfall

Rainfall was distributed irregularly and slightly increased from Tien Giang to Ben 
Tre and Tra Vinh. There were two main peaks of rainfall: one in May and the other 
in October. Between these two peak periods were dry periods.

Analyzed results of EOF based on series data from the rainfall dataset from 2002 
to 2008 determined the main modes of time and spatial EOFs. Four first EOFs 
predominated, accounting for about 50% of explained information in the dataset: 
21.5%, 13.4%, 9.5%, and 6.1%, respectively, as shown in Figs. 18.4 and 18.5.

EOF1 explained the information regarding the two yearly rainfall peaks in May 
and August. As seen in spatial EOF1, during these periods, high rainfall was mainly 
concentrated in Tien Giang and Tra Vinh (where totals reached to 250–300 mm): 
while in coastal areas of Ben Tre, totals only reached a medium level of about 
150–200 mm. In upstream districts of BenTre (Chau Thanh, Cho Lach), rainfall 
was slightly greater (220–250 mm). The distribution map of rainfall during May 
and August for 2008 typified the spatial distribution of rainfall during the above 
mentioned periods (Fig. 18.6a).

These distributional features, combined with characteristics of the alongshore 
current from the N-S direction (presented below), create conditions that delay the 
reproduction of clam breeding in Ben Tre about 1–1½ months compared to Tien 
Giang and TraVinh.

EOF2 shows the distribution of rainfall in October (the end of the rainy season). 
During this period, rainfall in upstream areas is relatively higher (250–300 mm), 
while in the coastal zone the rainfall decreases sharply and only reaches about 
150–170 mm. In inshore waters there are usually some areas with low rainfall 
(60–80 mm), as in Travinh and in Ben Tre. The distribution map of rainfall during 
October of 2008 (Fig. 18.6b) typifies this weather pattern.

In ecological terms, the medium rainfall totals are enough to provide food with 
high organic matter from river water and also from wetlands with mangrove forests. 
In addition, the warmer water of terrestrial origin stimulates the development of 
mature clams during this period.

EOF3 illustrates the distribution of rainfall in June. At that time, rainfall reached 
relatively high levels (200–250 mm). The June rains were the last rains before the 
weather changed to the “Ba Chan” drought. The rainfall distribution map during 
June of 2006 (Fig. 18.6c) is typical of this weather pattern.

EOF4 shows rainfall distribution in June, the middle of the dry season. At that 
time, in land-based areas, the rainfall was minimal; while thundershowers brought 
modest amounts of rain (25–30 mm) in inshore waters (Fig. 18.6d). The appearance 
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of such rains created sudden changes in salinity and harmful algae blooms of 
Dinophyceae and Diatom. As a result of east winds, together with flood tidal cur-
rents, these algae blooms landed onto tidal flats and created an additional food 
source for clams during a food-deficient period.
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We sometimes saw harmful algae blooms during our field surveys. In some 
cases, when algae patches were too dense and large, they caused eutrophication and 
serious depletion of oxygen. Moreover, pH increased to very high levels (pH > 9) 
due to the impact of photosynthesis. This phenomenon usually occurred on Tan 
Thanh beach (Tien Giang Province). Local people call the algae blooms “water 
flowers” or “water bubbles,” with their yellow, brown circular grains, which settle 
on the bottom when they were dead. The algae seriously affect clam life in 
January–February in this region and in the nearby region of Thua Duc and Thoi 
Thuan grounds (Ben Tre Province).

Fig. 18.5 Four first spatial EOF modes related to rainfall
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18.3.2  Hydrological Characteristics

18.3.2.1  Tidal Regime

The tide regime in the region studied was assessed by means of WXTide32 soft-
ware in typical stations (in Vam Kenh, Binh Dai; Ben Trai, and Dinh An). The tide 
regime in this region is a semi-irregular diurnal one with two flood tides and two 

Fig. 18.6 Monthly distribution of rainfall during May, October, June, and January 2008 typical 
for EOF1, EOF2, EOF3, and EOF4
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ebb tides. Tidal amplitude changed from 2.5 to 3.5 m during spring tide days and 
0.8 to 1.0 m during days of neap tide.

The tidal amplitude tends to decrease from north (Tieu River mouth) to south 
(Dinh An River mouth) because the dominant direction of the tidal current and the 
alongshore current is from North East to South West, which causes erosion–
deposition that affects clams.

Tidal amplitude was usually higher in November, December, and January. This 
coincided with the period of strongly blowing NE winds and the dry season, causing 
salinity intrusion inland. Lower tidal amplitude occurred from April to September. 
Calm winds during the rainy season combined with a weak tidal current (due to low 
amplitude) and smaller waves brought about favorable conditions for the formation 
of breeding grounds for clams during this period.

Investigations in 2008–2009 demonstrated the strong temporal and spatial variation 
of sea temperature, which fluctuated in the range between 29.6 o C and 31.5 o C. The 
SST dataset in 2007–2008 (Fig. 18.7), derived from MODIS imagery, showed that:

SST changed to the range of 26.1–30.0°C (day) and 25.5–29.5 °C (night).• 
SST during the rainy season was higher in comparison with the value in the dry • 
season. Clearly, the effect of warmer terrestrial water plumes from in-river 
explains the big difference of SST between the two seasons. This warm water 
plume (especially during the immediate season) was an important condition 
that stimulated the reproduction and development of clam larvae during 
July–August.
The value of day–night SST difference during the rainy season was two to three • 
times greater than the values during the dry season.
SST tends to decrease from North to South. The SST is closely related to along-• 
shore current features (running North to South) and tends to increase from coastal 
to offshore areas in relation to warmer terrestrial water from interior rivers.
During the rainy season, the warmer plume from interior rivers created the thermal • 
fronts in river mouths. There was a relative coincidence between location of 
parents’ clam grounds (from investigated data) and location of above fronts.

18.3.2.2  Total Suspended Solids (TSS)

Processed data regarding Total Suspended Solids (Fig. 18.8) derived from MODIS 
images show that, generally speaking, the coastal current carried a lot of food 
sources for clams, predominantly from NE to SW. In addition to nutrient sources 
from mangrove forests, algae patches were carried onto the coastal shore and into 
river mouths by waves in the investigated area. The nutrient and food sources 
carried from outside included food sources from the Xoai River mouth transported 
toward the southern side, which supplied clams during the dry season (November 
to April), and food sources transported toward the north from Batsac and Tran De 
estuaries (May to October). Note that the rate of the transported sediment in the 
latter direction was weaker.
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18.3.2.3  Plant Pigment Concentration (Chlorophyll-a)

The concentration of chlorophyll-a is one of the elements affecting primary produc-
tivity, phytoplankton, and water quality. Concentration of chlorophyll-a is the main 
factor creating high biomass. This is a way for clams to identify food sources.

Processed data of the content of chlorophyll-a (Fig. 18.9) derived from MODIS 
images show that:

Fig. 18.7 Monthly distribution of SST (°C) in Jan, Apr, July, and Oct 2008
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Chlorophyll-a patterns changed in complex ways over time, but as a general rule, 
the content of chlorophyll-a in the dry season was higher than that in the rainy season. 
Its peaks often appeared about 1 month into the transition period from rainy to dry 
season (December, January) and from dry to rainy season (July).

In this period (December and January), solar radiation made the sea-surface 
temperature increase, and organic substances decomposed quickly. This created 
favorable conditions for the development of algae and then created algae patches on 

Fig. 18.8 Monthly distribution of TSS (mg/l) in Jan, Apr, July, and Oct 2008
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the surface water. In addition, the effect of NE waves carried materials onto the 
shore, causing muddy deposits of organic substances and food. In general, the 
coastal water was high in nutrients in this period but not appropriate for the develop-
ment of clams.

At the second peak in July, the content of chlorophyll-a was lower, but it had 
ecological significance for clam life. The early rains caused the water to be warmer, 
stimulating the reproduction and growth of clams in this area.

Fig. 18.9 Monthly distribution of Chlo-a (mg/m3) during Jan, Apr, July, and Oct 2008
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18.3.2.4  The General Relationship Between Environmental Parameters  
and Clam Production

The cluster-analysis method allowed us to ascertain the complex relationship 
between environmental parameters and the production of clams. The criteria in the 
dataset included: rainfall (mm/day), SST (°C), the difference of day–night sea-
surface temperature DT (°C), water salinity (‰), content of chlorophyll-a (mg/m3), 
and production of clams (tons/month).

The results of our analysis showed that:

Clam production often was highest during the period from August to November • 
(350 tons/month), followed by the period from March to April (220–250 tons/
month). The optimum criteria set for clam production was: SST about 28.5–
30.0°C, salinity >10‰, concentration of chlorophyll-a about 0.5–0.8 mg/m3, 
and the medium rainfall <10 mm/day.
In some periods (September–November), production was still relatively high • 
(200 T/month). During this period, the criteria set was: rainfall (>10 mm/day), 
temperature (>30oC), day–night SST difference >4°C (very high), and concen-
tration of chlorophyll-a >2 mg/m3. These criteria limited the development of 
clams, but water salinity was still high enough (>10‰) for clam growth.
The low production period usually occurred during July and October, with high • 
rainfall (>10 mm/day), high temperature (>30°C), day–night SST difference 
>4°C (too high), concentration of chlorophyll-a >1.7 mg/m3, and especially low 
salinity (<8‰), which caused high clam mortality in several periods.
Another lower production period was in the rainy season (May–June). At that • 
time the rainfall was at a medium high level of 7.5 mm/day, but the temperature 
was too high (>30.5°C), which restricted the growth of clam. This period was 
only suitable for the reproduction and formation of breeding sources.
Still another lower production period was in the dry season (November to • 
February). The temperature during this period was very low (<26°C), and this 
was the most important factor preventing the growth of clams. In addition, at this 
time, the algae bloom and muddy deposition processes badly affected clam life.

18.3.3  Geomorphologic Features in Relation to Clams

18.3.3.1  Dynamic Geomorphologic Features in Tidal Inlets  
of the Mekong Delta

According to Davies (1964), tidal inlets in river mouths have been affected by both 
river dynamics and the tidal regime. Tidal inlets can be divided into three groups 
based on tidal amplitude.

Micro tidal inlets: These exist in areas where tidal amplitude was lower, less • 
than 2 m. The wave action and sand bodies formed by storms were the most 
important factors creating these tidal inlets. Typical morphological characteristics 
for this type of inlet were linear long sand bodies and narrow lagoons. Tu Hien 
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inlet and Tam Giang lagoon (Hue), Oloan, and DaNong inlets (Phu Yen) in 
North Central of Vietnam belong to this type.
Meso-tidal inlets exist in areas where tidal amplitude was about 2– 4 m. Ebb-tidal • 
deltas, flood-tidal deltas, as well as meso sand waves in tidal flat were charac-
teristic features in tidal inlets of this type. This type exists in the southern side 
of Central Vietnam, places such as Phan Ri, Phan Thiet, Ham Thuan Nam (Binh 
Thuan), and Vung Tau.
Macro-tidal inlets exist in areas where tidal amplitude was higher than 4 m. In • 
such areas, the river mouth was funnel-shaped and linear sand bodies move 
along in the direction of the ebb-tidal current. The tidal inlets in the Mekong 
Delta belonged to this type (Fig. 18.10).

In tidal flats of the Mekong Delta, there are several characteristic relief features, 
including main ebb channels, channel margin linear bars, ripple marks, sand 
waves, spillover channels, swash bars, and terminal lobes such as those described 
in the geomorphology models of Hayes (1973, 8), Bruun and Gerristsen (1959, 5), 
and Boothroyd (1985, 3, Fig. 18.11).

In general, during ebb times, the trend of the water current was to coincide with 
the axis of the main channel. Meanwhile, the flood-tidal current was close to the 
shore and along the marginal flood channel and the spillover channel.

As the ebb flood-tidal current reaches the shore, along the spillover channel, it 
creates a “slime muddy layer” which was conducive for clam-breeding grounds in 
the tidal flat.

18.3.3.2  Erosion–Accumulation and Shore-Line Change Processes  
in the Mekong Delta

By means of the band-ratio method (Van and Binh 2008), the shorelines of the 
Mekong Delta in different periods (1973, 1988, 1998, and 2008) have been extracted. 
The temporal shoreline changes in Mekong Delta are presented in Fig. 18.12.

Fig. 18.10 River mouths with funnel shapes in the Mekong Delta
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The results show that:

The erosion–deposition processes in tidal flats occurred alternately. The erosion • 
process occurred in NE tidal flats; meanwhile, the deposition process occurred 
in SW tidal flats.
Sand dunes moved from NE to SW in accordance with the alongshore direction.• 
Flood-tidal deltas inside the river increased in size closer to the sea; and along the • 
islets, flood-tidal deltas formed not only agriculture land but also clam grounds.

18.3.3.3  Geomorphologic Features in Relation to the Formation  
and Appearance of Clam Grounds

From historical satellite images linked to surveyed data and some basic knowledge 
from dynamic geomorphologic models (such as Boothroyd’s (1985), Oertel’s 
(1988), and Fitzgerald’s (1988)), we were able to interpret the formation and appea-
rance of clam grounds in relation to hydrodynamic regimes.

Distribution of clam grounds on tidal flats of Tien Giang Province• 

The tidal flat in Tan Thanh was 6 km long, 5 km wide, and covered an area of 
about 1,500 ha. This is one of the main Potential Culture Zones (PCZ) for clams 

Fig. 18.11 Conceptual dynamic geomorphology model of a Tidal Inlet (Boothroyd 1985, 3)
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Fig. 18.12 Shoreline change in the Mekong Delta detected from satellite imageries 1973 
(red lines), 1988 (orange lines), 1998 (yellow lines), and 2008 (green lines)
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Fig. 18.12 (continued)
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in Tien Giang. The tidal flat in the Tan Thanh area was “hand”-shaped with fingers 
(sand bars interlaid with troughs covered by fine materials) and a spillover channel 
where the breeding grounds usually appeared.

Ngang Island (Con Ngang) was considered a flood-tidal delta of the tidal inlet. 
It is located between the mouths of Cua Tieu and Cua Dai rivers, where clam-
breeding grounds existed (Fig. 18.13).

The 12 km-long coastal section from Ap Cho (Vam Lang) to Cau Muong (Tan 
Thanh) (Fig. 18.14) was the area that was affected both by N-S alongshore and tidal 
currents and where the erosion process was dominant. The tidal flat was sloped, 
narrow, and unsuitable for the formation and development of clam grounds.

Fig. 18.13 The historical evolution of tidal flats in Tien Giang province (upper-left: 1973, upper-
right: 1988; lower-left: 1997; and lower-right: 2008) (Note: The map direction was rotated 90° 
clockwise)

Fig. 18.14 The location of Potential Clam Grounds in Tien Giang in relation to geomorphology 
and dynamic conditions
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Distribution of clam grounds on the tidal flats of Ben Tre:• 

The historical evolution of tidal flats in Binh Dai and Ba Tri from multi-temporal 
imageries (Fig. 18.15) showed that:

In general, the geomorphology of the tidal flat in these regions changed greatly 
over time. The sand spit in Binh Dai moved in an alongshore direction (7 km/35 years). 
It narrowed the Ba Lai River mouth and created a large tidal flat in Thoi Thuan 
Village, where the biggest “clam mine” in the Mekong Delta existed.

The process of breaching the sand spit in the Cong Be River mouth during the 
period of 1968–1973 formed a second clam ground in Thua Duc Village.

To generalize, the biggest clam grounds in the Mekong Delta were located close 
to regions where there were small river mouths such as the mouths of the Ba Lai 
and Cong Be.

The clam grounds were concentrated in two main areas: one on tidal flats 
(PCZ = 620 ha) in Thoi Thuan Village (Rang Dong co-operative; Fig. 18.16) and the 
other in Thua Duc Village (PCZ = 260 ha – Dong Tam cooperative; Fig. 18.17).

The parents’ grounds usually were located along the channel marginal linear 
bars at 4–5 m deep. The formation mechanism of these bars related to tidal-water 
circulation as mentioned above. The bottom relief was flattened, and the velocity 
of the flood current was medium (60–80 cm/s), which created a favorable habitat 
area for parent clams.

On the tidal flat in these areas there usually appeared a breeding ground of high 
density and consistency. The location of the breeding grounds was close to small 
channels, near the mangrove forest (mainly Sonneritia alba). The ground’s 
morphology was lightly hollow, and well-sheltered by sand dunes. The permanent 
existence of a “slime muddy thin layer” was a typical characteristic of breeding 
grounds in this area.

Fig. 18.15 The historical evolution of the tidal flat in Binh Dai and Ba Tri district (Ben Tre 
 province) from 1968–1973–1988–1998–2008 (rotated maps to 45° clockwise)
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The coastal area of Ba Tri District included PCZ for clam culture in Bao Thanh, 
An Thuy, and Tan Thuy communes (Fig. 18.18). Breeding grounds sometimes 
appeared in the tidal flat of Tan Thuy but were of small size and inconsistent. The 
results from satellite images also found that “channel marginal linear bars” lie 
nearby the main channel axis, a typical indication of the predominant tidal current 
(Oertel 1988). The predominant tidal current in the Ham Luong River mouth is 
stronger, the result of which is that parent clams are not able to inhabit there and 
that breeding grounds rarely exist in nearby areas.

The historical evolution of tidal flats in Thanh Phu District revealed the same 
movement in the alongshore direction of the sand spit, as was the case in the tidal 
flat in Binh Dai District (Fig. 18.19). The breeding grounds also usually appeared 
in Thanh Phong and Thanh Hai villages.

The coastal area of Thanh Phu District included PCZ for clam culture in Thanh 
Hai (PCZ = 50 ha) (Fig. 18.20) and Thanh Phong communes (PCZ = 100 ha) 
(Fig. 18.21). There was a series of “linear bars” 5–6 m deep in the coastal waters 
of Thanh Hai. The parent grounds sometimes appeared there. A rough estimate, 
assuming an ebb-tidal-current velocity of about 80 cm/s, is that after 6 h, the mate-
rials in the water could overcome this bar and then rotate to return by flood tidal 

Fig. 18.16 The location of Potential Clam Grounds in Thua Duc – Binh Dai district (Ben Tre 
province) in relation to geomorphology and dynamic conditions



Fig. 18.17 The location of Potential Clam Grounds in Thoi Thuan commune – Binh Dai district 
(Ben Tre province) in relation to geomorphology and dynamic conditions

Fig. 18.18 The location of Potential Clam Grounds in Ba Tri district (Ben Tre province) in relation 
to geomorphology and dynamic conditions



Fig. 18.19 The historical evolution of tidal flats in Thanh Phu district (Ben Tre province) from 
1968–1973–1988–1998–2003–2008 (rotated maps to 50° clockwise)

Fig. 18.20 The location of Potential Clam Grounds in Thanh Hai commune – Thanh Phu district 
(Ben Tre province) in relation to geomorphology and dynamic conditions
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current (due to characteristics of semi-diurnal tide in the Mekong Delta). On the 
other hand, there exists a “stand water” area in this region that was suitable for a 
parent ground. This clam ground could form the basis of a breeding ground in 
nearby tidal flats. However, because of of the sloping littoral and weaker shelter, 
the erosion process usually occurred, resulting in breeding grounds that existed for 
a short time (sometimes days) and then disappeared.

Distribution of clam grounds on the tidal flats of Tra Vinh.• 

The historical evolution of tidal flats in Tra Vinh Province exhibited the same trend 
as the tidal flat in Ben Tre (Fig. 18.22), moving in the alongshore direction of the 
sand spit toward North East–South West.

The processed data image results (Fig. 18.23) allowed us to explore the question 
of the relative similarity between dynamic-geomorphologic conditions and the 
formed locations of clam parents’ grounds and breeding grounds in the two regions 
of Ben Tre and Tra Vinh. Our results were:

Linear bars in on outside boundary of the “stand water” area were the forming • 
mechanism: these bars existed in inshore waters close to Nha Mat Village 
(Truong Long Hoa Commune) where the parents’ ground also appeared.
On the tidal flat of Nha Mat and Ba Dong villages there were sometimes breed-• 
ing grounds derived from linear bars in deeper waters.
There was a Bar-through system which paralleled the shore.• 

Fig. 18.21 The location of Potential Clam Grounds in Thanh Phong commune – Thanh Phu 
district (Ben Tre province) in relation to geomorphology and dynamic conditions
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Fig. 18.22 The historical evolution on tidal flats in Tra Vinh province from 1968–1973–1988–
1998–2002–2008 (map is not rotated)

Fig. 18.23 The location of Potential Clam Grounds in tidal flats of Tra Vinh province in relations 
to geomorphology and dynamic conditions.
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The existence, appearance, position, and morphology of sandy, muddy grounds • 
on Thu Truoc Island in the Cung Hau River were relatively similar to the mor-
phology and bio-resources units on Dung Island in the Dinh An River mouth.

18.4  Conclusion

The application of the remote-sensing technique based on multi-spectral imagery • 
allowed us to determine qualitative and quantitative relationships between envi-
ronmental parameters and clam life in the Mekong Delta.
The rainfall, sea-water temperature, sea-water salinity, concentration of • 
Chlorophyll-a, wind-wave regime, tidal regime, water circulation, and geomor-
phologic features in the Mekong Delta were major factors affecting clam life.
The optimum environmental criteria for the growth of clam culture was • 
found out.
The suitable locations of parents’ grounds and clam-breeding grounds, as well • 
as areas of Potential Culture Zone for clam culture in Tien Giang, Ben Tre, and 
Tra Vinh provinces, were determined.

18.5  Recommendation

There is a need to enlarge the study region so as to include the whole Mekong • 
Delta (Can Gio, Soc Trang, Bac Lieu, and Ca Mau provinces as well) and also 
to study animal life forms (including oyster, clam, and other bivalve species), so 
that clams from areas other than Ben Tre achieve MSC certification and so that 
fresh marine culture in the whole Mekong Delta achieves commercial-brand 
status.
There is a need for additional (and more detailed) studies of bio resources, com-• 
munity structure, the environment, hydro-dynamic regimes, and geomorphological 
features in relation to mollusk life. There is also a need to predict the effects of 
humans on mollusk life in the area in the future.
Similarly, there is a need for a study to select suitable sites for the cultivation of • 
clams (and other bivalve species) in the Mekong Delta, factoring in the effects 
of climate change (sea level rise, global warming) in various scenarios for the 
next 10, 20, and 50 years.
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Abstract This study was conducted to evaluate the positive effects of compost 
application in agriculture and the benefit of the composting process for solid-waste 
treatment in the Mekong Delta region in southern Vietnam (comprised of 12 prov-
inces and 1 centrally city). A simple prediction model for waste generation based 
on population – and employing time-series analysis – was constructed to assess and 
forecast waste generation to identify the potential of waste for composting and dis-
charging. The greenhouse gas baseline emission from biodegradable components 
and the greenhouse gas reduction emission for alternative composting options were 
also calculated in g(CO

2
 eq.) per capita per day. Scenarios regarding different com-

posting applications for the Mekong Delta region were defined. The estimations 
focused on such matters as environmental impacts, greenhouse-gas emission and 
reduction, resource consumption, economic benefits, and the application potential 
of the composting process. The principal result was that organic-waste composting 
was beneficial not only for mitigating the waste burden in landfill sites but also 
for reducing greenhouse-gas emissions compared to baseline emission and the 
attendant costs. In addition, the compost product was identified as having strong 
potential to displace chemical ferti lizers in agriculture. It was shown that the com-
posting process was a sound alternative for moving toward sustainable development 
in waste treatment and agriculture.
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19.1  Introduction

Solid-waste management is facing challenging problems in many countries. Two 
forms of waste in particular – kitchen waste (food waste) and yard waste – account 
for major shares of total waste. Composting of organic waste not only reduces the 
amount of waste taken to landfills but also yields a relatively low-cost product that 
can be used in agriculture (Jakobsen 1995; Wolkowski 2003). Several authors have 
assessed the positive repercussions of compost application in agriculture and the 
benefits of the composting process; among them, Martínez-Blanco et al. (2009) 
found the use of compost in horticulture to be a treatment with fewer negative 
environmental impacts than mineral fertilizer, and no differences were observed in 
terms of agricultural performance.

Global warming is one of the most serious matters of public concern in recent 
years, and organic-waste composting is useful not only for the mitigation of the 
waste burden in landfill sites but also for the reduction of greenhouse-gas (GHG) 
emissions and their attendant costs. Ayalon et al. (2001) found that compared to 
solid-waste treatment alternatives, composting was the most cost-effective option, 
although its efficiency of CH

4
 reduction (90%) was lower than incineration or 

anaerobic digestion methods (100%). Moreover, the authors of that study high-
lighted the potential for developing Clean Development Mechanism (CDM) 
projects in the solid waste field (IPCC 2006).

Vietnam, like other developing countries in Southeast Asia, uses open dump-
ing as its main disposal method (Idris et al. 2004). However, municipal solid 
waste contains a large proportion (60–80%) of easily degradable organic waste 
(World Bank et al. 2004), which has great potential for composting applications 
(Byer et al. 2006). For that reason, this study was conducted to evaluate the 
positive effects of compost application in agriculture and the benefit of the 
composting process for solid-waste treatment. A simple prediction model was 
developed to assess and forecast waste generation in order to identify the poten-
tial of waste for composting and discharging. Moreover, GHG baseline emis-
sion from the predicted waste generation was calculated and warned. The 
authors also evaluated GHG emission mitigation for various options of com-
posting application via scenario analysis. The evaluations concentrated on such 
matters as GHG emission, production of the compost product, displacement of 
chemical fertilizer for agriculture through employment of the waste-compost 
product, required capacity for treating (landfill), and costs and benefits. In addi-
tion, the authors reviewed and integrated into their analysis the positive effects 
and benefit of the composting process on GHG emission and reduction, energy 
consumption and generation, investment and operation cost, and the potential 
use of compost in agriculture.
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19.2  Methodology

19.2.1  Study Area and Current Status

This study estimated the waste generation of the Mekong Delta region (including 
12 provinces and 1 centrally city) with an estimated population of 17,524,000 in 
2007 (GSO 2007). The Mekong Delta spreads over approximately 40,000 km2, 
occupying about 12% of the total natural area of the country (Fig. 19.1). The 
Mekong Delta is a vital agricultural zone in the country. With a tropical monsoon 
climate and favorable weather conditions, the area lends itself to the growth of 
paddy and a wide range of plants and vegetables all year round. Today, a fourth of 
the Delta is under rice cultivation, making this area one of the premier rice grana-
ries in the world.

Ca Mau

Bac Lieu

Kien Giang

Can Tho 

Vinh Long
Ben Tre

Tien Giang
An Giang

Dong Thap
Long An

Hau Giang

Soc Trang

Tra Vinh

Fig. 19.1 Map of the Mekong Delta region within Vietnam (Source: http://en.wikipedia.org/wiki/
Mekong_Delta (Edited by the authors))

http://en.wikipedia.org/wiki/Mekong_Delta
http://en.wikipedia.org/wiki/Mekong_Delta
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The Mekong Delta is one of the areas in the world that is most vulnerable to the 
effects of climate change, because this region is on average a few meters above sea 
level. Furthermore, this region faces great challenges in solid waste management, 
including waste collection, transportation, final disposal, and especially the need to 
introduce sustainable waste-treatment alternatives. In the Mekong Delta region, 
generally, waste is only collected in central urban areas, where the collection rate 
is estimated by the Urban Environment Company to be about 70–80%. Meanwhile, 
no waste collection is undertaken in rural and suburban areas (European 
Commission 2009).

19.2.2  Waste Generation Prediction for the Mekong Delta 
Region

In the prediction model the amount of waste generated was calculated based on the 
estimated population, and per-capita waste generation rate. Population was esti-
mated until 2020 via the time-series method that used a database containing infor-
mation on population levels by provinces and cities in the period 1995–2008 (GSO 
2009). The per-capita waste generation rate was 0.7 and 0.3 kg/cap/day for urban 
areas and rural areas, respectively (World Bank et al. 2004). The quantity of waste 
generation and waste collection was calculated for two groups: the residents in rural 
areas and the residents in urban areas. It was assumed that the per-capita waste-
generation rate would not change in the estimation period.

The linear regressions of the 14-year time-series (1995–2008) are shown in 
Table 19.1 with the linear equation and the coefficient of determination (R2), respec-
tively. The model of linear function used is represented in the following equation:

 i iY baX= +  (19.1)

Table 19.1 Population trend of each province and city in the period of 1995–2008

No.

Name of 
provinces  
and city Area (km2)

Population trend according to time (years)

Urban areas Rural areas

Linear equation R2 Linear equation R2

1 Long An 4493.8 Y = 4.613X + 185.8 0.857 Y = 10.80X + 1,051 0.966
2 Tien Giang 2484.2 Y = 5.125X + 191.5 0.963 Y = 7.796X + 1,361 0.962
3 Ben Tre 2360.2 Y = 2.916X + 98.05 0.935 Y = 3.768X + 1,172 0.875
4 Tra Vinh 2295.1 Y = 4.592X + 96.52 0.944 Y = 5.036X + 825.4 0.912
5 Vinh Long 1479.1 Y = 2.102X + 134.5 0.878 Y = 4.105X + 847.7 0.948
6 Dong Thap 3375.4 Y = 7.609X + 168.4 0.940 Y = 7.090X + 1,301 0.882
7 An Giang 3536.8 Y = 24.33X + 311.5 0.958 Y = 6.156X + 1,605 0.734
8 Kien Giang 6346.3 Y = 13.11X + 266.3 0.983 Y = 12.55X + 1,104 0.977
9 Can Tho 1401.6 Y = 9.825X + 540.6 0.915 Y = 3.59X + 555.6 0.906

10 Hau Giang 1601.1 Y = 4.717X + 72.6 0.961 Y = 3.208X + 627.1 0.814
11 Soc Trang 3311.8 Y = 3.608X + 194.0 0.935 Y = 8.820X + 932.2 0.959
12 Bac Lieu 2585.3 Y = 3.688X + 165.0 0.961 Y = 5.713X + 529.3 0.973
13 Ca Mau 5331.6 Y = 5.941X + 176.2 0.961 Y = 10.29X + 859.6 0.994
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b is the intercept and it indicates the mean value of the response variable when = 0; 
a is the slope and it indicates the average change in the year i (i = 1...n, started from 
1995 (i = 1)), when the random variable rises. Y

i
 is the population rate (persons) in 

the year i, X
i
 is number of years started from 1995.

Therefore, the predicted population, based on those linear equations, is used to 
calculate waste generation by specific areas.

19.2.3  Estimation of GHG Emission Reduction

19.2.3.1  GHG Baseline Emission

The GHG baseline emission from waste is the amount of methane calculated in tons 
of carbon dioxide equivalent (tCO

2
 eq.) that would be generated from disposal of waste 

at a solid waste-disposal site in the absence of the proposed composting project. 
GHG baseline emission was determined via the “2006 IPCC Guidelines for 
National Greenhouse Gas Inventories” (IPCC 2006). For the sake of simplicity, for 
calculation and prediction of the baseline emission from solid-waste disposal sites, 
we used a spreadsheet model for Estimating Methane Emissions from Solid Waste 
Disposal Sites (IPCC Waste Model) developed by the IPCC (2006). In this study, 
the GHG baseline emission was calculated using the default emission factors in the 
guideline of the 2006 IPCC tier 1 approach.

19.2.3.2  GHG Emission and Reduction

GHG emission reduction is the difference between GHG emission in the composting 
project compared to baseline emission (IPCC 2006; Plöchl et al. 2008; UNFCCC 
2008). Generally, emission reduction in the year y is calculated according to the 
following equations:

 = − ±y y y yER BE PE L  (19.2)

 = + −y processing,y energy consumption,y energy generation,yPE PE PE PE  (19.3)

Where ER
y
 is the emission reduction in the year y; BE

y
 is the baseline emission in 

the years; PE
y
 is the project emission in year y; and L

y
 is the leakage emission  

in year y. The emission was considered within the project boundary as defined in 
the Glossary of CDM terms version 01 (UNFCCC 2007).

The project emission (PE
y
) in this study was defined so as to include the emission 

from energy consumption (PE
energy consumption,y

), energy generation (PE
energy generation,y

), 
and processing of project activities (PE

processing,y
), which is expressed in the 

Eq. (19.3).
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This study concentrated only on composting, which has no energy generation, 
but energy consumption was 30 kWh/t waste inputs (McDougall et al. 2001). In this 
study, it is assumed that electricity consumed was imported from the grid. Tuyen 
and Michaelowa (2004) reported that the baseline emission factor for the Vietnam 
electricity system was 0.585 tCO

2
/MWh by 2008.

GHG emission from processing of project activities (PE
processing,y

): The quantity of 
emissions of GHG (CH

4
 and N

2
O) from composting depends on the amount of 

waste treated and the related emission. For the present study, the emission was 
calculated using the default emission factors of the 2006 IPCC tier 1 approach 
(IPCC 2006).

The above-mentioned theories and explanations were used to calculate the GHG 
emission and reduction from waste generation and composting.

19.2.4  Economic Estimation

Regarding the economic benefits from the project: These were calculated on the 
basis of the value of useful products, such as compost products or GHG reduction 
credits (Certified Emission Reductions – CER).

Regarding compost products, we are thinking of products such as fertilizer for 
soil supplementation. Good-quality compost accounted for approximately 30% of 
the final compost product; if supported by suitable nutrient components, it can sell 
on the market at prices as high as 30 US$/t. By reducing GHG emissions from alter-
natives, “carbon credits” or “CERs” are generated, that is, climate credits issued by 
the CDM – Executive Board – UNFCCC. These credits can be sold in international 
markets to developed countries. The trading price of carbon credit units (US$/t CO

2
 eq.) 

depends on the world market. In this study, the trading price of “carbon credits” is 
based on the current market price in Vietnam, 8–12 US$/t CO

2
 eq. (Michaelowa 

et al. 2009) and the price of 10 US$/t CO
2
 eq. was used as an estimate.

19.2.5  Application Potential of Compost in Agriculture

To estimate the potential for employing compost in agriculture, we needed to 
calculate and evaluate the land area equivalent of compost production. This was 
defined as the land area “gained” through composting solid waste. Estimates of the 
land area equivalent by compost feeding were based on the amount of compost 
production and the appropriated supplying rate of compost employed in agriculture, 
calculated according to Eq. 19.4. In the study, the use of the compost product 
(3R-HN 2009) focused on three kinds of trees: agriculture trees, food trees, and 
fruit trees. The supplying rate by kind of tree is shown in Table 19.2.

Compost production (ton) 
Land area equivalent by compost feeding (ha) = 

Appropriated supplying rate (ton/ha)  
 (19.4)
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19.2.6  Waste Composting Process

Regarding composting, the final composting product accounted for 50% of input 
loading; the loss in mass was due to evaporation and biodegradation of organic 
fraction (McDougall et al. 2001). Furthermore, the authors assumed that 10% of 
input loading for composting was removed by the sieving process after composting 
process; this part would be discharged to landfill. Above -mentioned methods were 
utilized to calculate the composting product and residual amount after composting 
which went to landfill. In this study, the composting process and the derivative 
product (considered in terms of quality and quantity) were adapted to the real situ-
ation in Vietnam. Composting of organic waste has been applied rather generally 
and the technology differs little. The typical technology for organic solid-waste 
composting is presented in Fig. 19.2.

19.2.7  Description of Scenarios

The scenarios in the study are based on alternative composting waste-treatment plans. 
The authors used simple assumptions and the specific boundaries and technologies 
presented in Table 19.3. The study estimated waste generation environmental effects, 
and benefits for the period of 2009–2020 in all of the scenarios, with the exception of 
the baseline scenario, for which estimates run until the year 2075.

Table 19.2 Rate of compost employment in agriculture

Kinds of trees Unit Range of application Average value

Agricultural trees kg/ha 300–400 350
Food trees kg/360 m2  20–30 25
Fruit trees kg/360 m2  30–40 35

Source: 3R-HN (2009)

Domestic waste

Cut and grind
(reduce size)

Mixing
(Moisture, pH, C/N,
temperature, etc.)

Aerobic
composting
(30 – 40 days)

Air

Mixture

Mature
composting
(30 – 36 days)

Sieving
Landfill

Matured
composting

F
er

ti
liz

er

Adding N, P, K

Compostable

Non-
compostable

Fig. 19.2 The typical composting technology applying in Vietnam
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19.3  Results and Discussion

19.3.1  Prediction of Waste Generation and Composition

Figure 19.3 presents the waste generation rate by provinces and cities in the 
Mekong Delta region, including waste generation from both urban and rural areas. 
This figure was derived from statistical data (14 years, from 1995 to 2008) and 
forecasted data (11 years, from 2009 to 2020) from the linear equations in 
Table 19.1. The figure also shows that the prediction models are rather linear; 
except in the cases of Can Tho city ( ) and Hau Giang province ( ), where 
the linear trend changed in 2003. These cases are explained by the fact that Can Tho 
Province was separated into two units in 2003, with Can Tho City now included in 
Hau Giang Province.

The results presented in Fig. 19.4 relating to patterns of waste generation in 
the Mekong Delta region show that most waste is generated in rural areas (around 
90%). Urban areas were marked by low collection efficiency, with collection and 
treatment in such areas averaging only 70–80%. This point demonstrates that 
most of the solid waste generated has not been collected and treated in the 
Mekong Delta region. This finding is quite alarming because of the serious envi-
ronmental consequences resulting from waste generation that has not collected 
and treated yet.

Regarding waste composition, mainly physical compositions of typical prov-
inces and cities have been shown in Table 19.4. For the estimation purpose in this 
paper, the representation value of main compositions of waste generation for the 
case of the Mekong Delta region was also calculated. It was average value of typical 
cases, shown in the last row of Table 19.4. This representation value was used to 
calculate various aspects in this study.

Table 19.3 Scenario description

Scenarios Definition Note

0 Baseline: Non-collection and treatment It is assumed that residual amount 
of waste generation will go to 
open dumping site

1 Assume that collection rate is 82 (following  
the “Resolution No. 23/2008/QH12”  
(VNA 2008)), and 100% of collected  
organic waste is treated by composting

2 A-part composting: 25% Organic waste is  
treated by composting

3 A-part composting: 50% Organic waste is  
treated by composting

4 A-part composting: 75% Organic waste is  
treated by composting

5 Complete composting: 100% Organic waste is 
treated by composting
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19.3.2  GHG Baseline Emission

Figure 19.5 shows the GHG baseline emission from waste generation in the 
Mekong Delta region in the period 1995–2075 (80 years), including the loading 
period (1995–2020) for waste disposal calculated from Sect. 19.3.1, and the residual 
waste decomposition period – the period wherein residual waste emits pollution 
at the disposal site – over the next 55 years (2020–2075). The baseline emission 
was presented in terms of the amount of GHG (CO

2
 eq.); it showed the same 

Fig. 19.3 Waste generation by provinces and cities in the Mekong Delta region
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gradually increasing linear trend for provinces and cities in the Mekong Delta 
region. Emissions also gradually increase in line with the time and amount of 
disposal waste. Emissions accumulated to reach a maximum at the end of the 
waste-loading period by 2020, then are reduced in a gradual slope in the following 
next period.

The amount of emissions mainly depended on waste composition, as can be seen 
in Fig. 19.6. The major GHG emissions from waste were caused by the food com-
ponent. In comparison to other components, the baseline emission of the food 
component quickly dropped drown after waste-loading stopped. This suggests that 
the GHG emission in the food component occurred in a short-time period after the 
disposal of waste.

Figure 19.7 shows the total GHG baseline emission in the estimation period 
1995–2075. This figure also presents the distribution of GHG baseline emissions 
among the Mekong Delta provinces and cities. The figure demonstrates conclu-
sively that GHG emissions in rural areas accounted for the larger share of emissions. 

Fig. 19.5 GHG baseline emission by provinces and cities in the Mekong Delta region

Fig. 19.6 GHG baseline emission by waste components
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Furthermore, the results revealed that GHG emissions were generated in large 
amounts in all of the Mekong Delta’s provinces and cities. However, the severity of 
emission problems was due mainly to the fact that most emissions could not be 
controlled in rural areas.

19.3.3  Estimation of Waste Treatment Alternatives

The estimation of environmental effects, resource consumption, investment, cost of 
operation, and the benefit of waste-treatment alternatives were encoded in qualitative 
scales as illustrated in Table 19.5. A positive symbol (+) indicates that the process 
in question had a positive effect and vice versa with the negative symbol (−). The 
comparative importance of the effects of the five disposal processes is represented 
by the number of symbols.

Regarding GHG emissions, Thanh and Matsui (2009) found that the highest 
emissions came from open-dump landfills, followed in descending order by emis-
sions from sanitary landfills, composting, anaerobic digestion, and incineration, as 
shown in Table 19.5. In addition, this table expresses the GHG emission-reduction 
of each alternative; open-dump landfills resulted in the lowest emission reduction, 
followed by sanitary landfills, composting, and aerobic digestion. Incineration was 
identified as the greatest GHG emission-reduction alternative.

Fig. 19.7 GHG baseline emission during the period (1995–2075) by provinces and cities in the 
Mekong Delta region
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Table 19.5 Estimation of waste-treatment alternatives

Alternative  
methods

Energy GHG (CO
2
eq.) Cost

BenefitConsumption Generation Emission Reduction Investment Operation

Open-dump  
landfill

0 0 − − − − − 0 − − 0

Landfill with  
energy  
recovery

− + + − − − − + − − − − − − − − + + +

Composting − − 0 − − − + + − − − − + +
Aerobic  

digestion  
with energy  
recovery

− − − + − − + + + − − − − − − +

Incineration − − − − + + + − + + + + − − − − − − − − − − + + + +

Energy content was a very important environmental effect relating to GHG 
emission and resource consumption (Thanh and Matsui 2009). The estimation of 
treatment methods based on energy content is presented in Table 19.5; the incinera-
tion process resulted in the largest amount of energy recovery, although this method 
also consumed the most energy. Meanwhile, composting was non-energy producing, 
and its energy consumption was limited.

The investment and operation costs to reduce 1 ton of CO
2
 eq. by various alter-

natives was reported by Ayalon et al. (2001), and the benefit from various treatment 
processes was examined by Thanh and Matsui (2009). These results are presented 
in Table 19.5. Note that in terms of investment and operation costs, composting was 
the cheapest alternative.

Regarding the estimations of investment, operation cost, and benefit; the treat-
ment processes ranked in descending order as follows: composting, anaerobic diges-
tion, landfill with energy recovery, and incineration. Moreover, for the estimations 
of environmental effects and resource consumption, the treatment processes ranked 
in descending order as incineration, aerobic digestion, composting, and landfill with 
energy recovery. In sum, if it is impossible to separate the organic waste from the 
waste stream, composting seems the most economically and environmentally sound 
treatment process for the current situation of the Mekong Delta region.

19.3.4  Compost Potential for Sustainable Agricultural 
Development

19.3.4.1  Waste Compost Products Applied as Fertilizer in Agriculture

Several authors have assessed the positive repercussions and benefits of applying 
compost products in soil. Hargreaves et al. (2008) reported that organic-waste 
composting had potential as a beneficial recycling tool for waste management 
and treatment. This use not only reduced the volume of waste going in to landfills 
but also was a source of safe agricultural fertilizer.
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A primary benefit of composted waste is the high organic matter content and low 
bulk density (He et al. 1995). Moreover, the change in soil structure was found to 
persist 9 years after initial application (Garcia-Gil et al. 2004). Repeated applica-
tion of composted waste consistently increased soil organic matter content and soil 
C/N ratio to levels greater than those of unimproved soil (Garcia-Gil et al. 2004; 
Perucci 1990; Montemurro et al. 2006). Composted waste was found to have a high 
water-holding capacity because of its organic matter content, which in turn 
improved the water-holding capacity of the soil (Hernando et al. 1989). Furthermore, 
application rates of 30 and 60 Mg ha−1 of waste compost increased the aggregate 
stability of soil through the formation of cationic bridges, thereby improving 
the soil structure (Annabi et al. 2007; Hernando et al. 1989). In addition, the fiber 
content of the compost product also had positive effects: when used for mulching, 
it has proven important for preventing erosion of the topsoil by irrigating water 
(Jakobsen 1995).

At present, there are many composting plants in Vietnam; among them the Thuy 
Phuong composting plant (Hue City, Vietnam) is the most successful exemplar for 
employing the composting process to convert waste to fertilizer. This plant yields 
two kinds of products: TNS (1-0.5-1) and TSN (3-3-3). The quality of these compost 
products is summarized in Table 19.6. These fertilizers are sold to highland areas 
for feeding coffee trees and tea plants.

19.3.4.2  Compost Products: Limitations and Modes of Improvement

Waste composting is generally safe for use in agriculture. However, sometimes 
pesticides, heavy metals, and salt have been found in soils where composted waste 
has been applied. The quality of waste compost depends on many variables, including 
the design of the composting facility, feedstock source, composting procedure, and 
length of maturation. In addition, the effects of composted waste differ when 
applied to different types of field soils and when used for different plants.

Table 19.6 Quality of compost product at Thuy Phuong composting plant (Source: TSN 2009)

Characteristic Units TSN (1-0.5-1) TSN (3-3-3)

Moisture % <30 <25
pH – 6–8 6–8
Organic matter content % ³20 ³20
Total nitrogen content % 1.0 3.0
Phosphorus pentoxide content (P

2
O

5
) % 0.5 3.0

Potassium oxide content (K
2
O) % 1.0 3.0

Total nitrogen fixing bacteria CFU/g 1 × 106 1 × 106

Total phosphorus decomposing bacteria CFU/g 1 × 106 1 × 106

Total cellulose decomposing bacteria CFU/g 1 × 106 1 × 106

CFU/g Colony forming units per gram
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The best method for reducing these problems and improving the quality of waste 
compost is early-source separation, perhaps requiring separation to occur before or 
at curbside collection. Sewage sludge should not be added to the composting 
process at any point since it will raise the metal content of the compost (Richard 
and Woodbury 1992). In addition, factors such as feedstock selection, aeration, and 
maturity should be optimized and controlled to increase nutrient availability, 
specifically nitrogen, in waste compost.

19.3.5  Scenario Analysis

Various scenarios were analyzed to estimate the environmental impact, economic 
benefits, and application potential of the composting process. The analyses and 
estimations are presented in Fig. 19.8. Table 19.7 presents the comparison among 
scenarios during the period 2009–2020, considered within the specific boundaries 
and technologies, presented earlier in Table 19.3.

The results show that, when the amount of organic waste increased in composting 
applications, the amount of compost product, benefits, GHG reduction, and landfill-
area reduction were also increased in step-wise fashion from scenario 1 to scenario 5, 
respectively. The results also demonstrate that the composting process is a sound, 
sustainable-development tool for both waste treatment and agriculture application.

This study also evaluated the potential economic benefits from waste composting 
for the Mekong Delta region. The estimates included the benefits of the compost 
product and those emanating from the sale of CER credits. These benefits were 

Waste generation (a+b)

Urban waste (a) Rural waste (b)

Composting Landfill

Organic
waste     (c) Other

10%(c)

(a+b) _c

Dumping volume
for landfill

Compost
product

GHG
emission/Reduction

BenefitReplacement of chemical fertilizer

Estimation

Land use area reduction

Fig. 19.8 Outline of scenario analysis
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found to relate positively to the amount of waste and the amount of compost 
applied. Moreover, composting distributed the large share of GHG reduction and 
mitigated the burden of waste volume dumped into landfills. In addition, the 
authors estimated the amount of land that could be fertilized by compost feeding of 
three general kinds of trees (see Table 19.7). This shows potential effects on 
agriculture of replacing chemical fertilizer with compost product from waste.

19.3.6  Political Implications of the Results

Some useful remarks can be made in this regard based on the results of this study. 
In the Mekong Delta region, biodegradable waste accounted for a very high 
percentage of all solid waste, around 70%. This share had the most GHG emission 
potential among all components of total solid waste (see Fig. 19.6). Due to the 
current status of cities of the Mekong Delta region, the best disposal option for bio-
degradable waste is composting. This method is useful not only for the reduction of 
GHG emissions and the mitigation of the waste burden in and cost of landfill sites, 
but also for the organic-waste fertilizers used in agriculture. Furthermore, the results 
show the potential for developing CDM projects in municipal solid waste fields.

However, the Mekong Delta region is a very large area where most of the waste 
generated has not been collected and treated, especially in rural areas. This has 
become a serious environmental problem. Organic composting seems an appropriate 
option for treating waste, although this treatment method has not been generally 
applied. In order to combine efficient solid-waste management with environmental 
and agriculture sustainability in the future, the Vietnamese government and environ-
mental authorities should combine with municipal decision-makers, authorities, and 
planners to devise and put into effect the strategic plans outlined in Table 19.8.

Table 19.8 Strategic actions for encouraging recycling activities with biodegradable waste in the 
Mekong Delta region

Strategic actions and plans

Urban areas Rural areas

Increasing the coverage of waste collection system Encouraging application of 
individual composting at each 
household

Promoting the waste separation at source for effective 
utilization of recyclable materials

Encouraging utilization of compost 
replacing chemical fertilizer for 
agriculture purposes

Improving and rehabilitating of existing composting plants
Researching and developing the effectively centralized 

composting facilities
Establishing sufficient market for consuming of the  

composting product
Subsiding for recycling activities, especially  

biodegradable waste
Approaching CDM to credit CER for saving money
Developing community-based waste management system
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19.4  Conclusion and Recommendation

 1. This study found that most waste generated in the Mekong Delta region has not 
been collected and treated. Waste generated from rural areas accounted for 
approximately 90% of total waste generation; however, in urban areas waste was 
collected and treated at low rates (average 70–80%).

 2. GHG baseline emission was generated in large amounts in all Mekong Delta 
provinces and cities; however, it was really a serious problem because emissions 
of GHG could not be controlled in rural areas.

 3. In the study area, municipal solid waste contains a large percentage (70.86%) of 
easily degradable organic waste, which has a high potential of GHG emission. 
Results suggest that composting is a preferable option for promoting waste 
reduction and recycling from this source.

 4. Regarding estimations of environmental impacts, resource consumption, 
economic benefits, and application potential of the composting process; organic 
waste composting was beneficial not only for mitigating the waste burden going 
to landfill sites but also for reducing GHG emissions compared to baseline 
emissions and their attendant costs. Besides, the compost product was found to 
have strong potential to displace chemical fertilizer in agriculture. It was shown 
that the composting process was a sound alternative for promoting sustainable 
development in waste treatment and agriculture.

 5. For easer composting, waste should be separated into at least two portions: com-
postable waste and other. Compostable waste should be collected and transported 
to composting plants; this procedure prevents hazardous matters from getting 
into the compost product. To minimize the amount of untreated waste and GHG 
emissions discharged from urban and rural areas, the waste-collection system 
should be expanded as much as possible. Moreover, in rural areas very far from 
cities, programs and projects should be implemented to encourage and train 
farmers to compost their organic waste to prevent negative environmental impacts 
and to obtain the local benefits for agriculture of composted waste.
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Abstract Anaerobic digestion, a series of processes in which micro-organisms 
break down biodegradable materials in the absence of oxygen, is normally used 
for wastewater treatment and energy production. Anaerobic digestion has been 
applied to hog – wastewater treatment and biogas production in the Mekong Delta 
of Vietnam, where a high percentage of the population works in the agricultural 
sector. However, the supply of pig manure for operating the anaerobic digesters 
is not always available. Therefore, to stimulate the application and operation of 
anaerobic digesters that are very significant to water-pollution prevention in the 
Mekong Delta, there is a need to find supplemental inputs to pig manure to help 
maintain the operation of the digesters.

The aim of our research was to find out the yield of biogas produced from batch 
anaerobic digestion by using water hyacinth (WH) – a plant commonly grown in the 
canal networks in the Mekong Delta – as a supplemental source to pig manure in 
biogas digesters. We conducted experiments using 50 L plastic bags of pig manure 
(PM) mixed with three different types of WH (C1, WH juice after 2 days of hydro-
lysis; C2, WH juice after 2 days of hydrolysis + chopped WH; and C3, WH juice 
after 2 days of hydrolysis + crushed WH). Based upon the organic dry matter (ODM) 
of input sources, we set up 13 experiments (with three replicates for each experi-
ment) of 100% PM; 75% PM + 25% WH; 50% PM + 50% WH; 25% PM + 75% WH; 
and 100% WH. The produced biogas volume was recorded daily while other param-
eters of pH, buffer capacity, biogas components (CH

4
, CO

2
, O

2
, and H

2
S) were 

recorded once daily for 7 consecutive days during the 35 day period.
According to our experimental conditions, the various preparations of WH 

showed differences in gas production. The gas production from experiments with 
C2 and C3 was not significantly different. Meanwhile, the gas production from 
experiments with C1 and C2 was significantly different.
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With respect to C2 treatments, on the one hand, the total gas production tended 
to be higher in the treatments with high percentages of WH (231 L, 315 L, 392 L, 
358 L, and 439 L in the treatment of 100% PM; 75% PM + 25% WH; 50% 
PM + 50% WH; 25% PM + 75% WH; and 100% WH, respectively). On the other 
hand, total biogas yield per kg ODM of input materials reached the highest value 
in the treatment of 50% PM + 50% WH (122 L, 148 L, 176 L, 153 L, and 171 L in 
the treatment of 100% PM; 75% PM + 25% WH; 50%PM + 50% WH; 25% 
PM + 75% WH; and 100% WH, respectively).

These results strongly confirm that the farmers in the Mekong Delta of Vietnam 
can use water hyacinth as a potential supplement to pig manure in anaerobic 
digestion in case they do not have enough pig manure for their anaerobic-digestion 
treatment systems.

Keywords Batch-type system • Biogas production • Mekong Delta • VACB farming 
system • Water hyacinth

20.1  Introduction

The VACB farming model combining gardening, fishery, pig husbandry, and biogas 
plants (V: garden, A: fish pond, C: pigsty, and B: biogas plant) is very popular in 
the Mekong Delta of Vietnam. This farming model has proved to be very beneficial 
to aqua-agricultural production and improved sanitation in the region. Research has 
shown that in the same area the annual income through VACB farming is three to 
five times greater (and sometimes as much as ten times greater) than that derived 
from growing two rice crops per year (Nguyen Van Man 2008). In the VACB 
system, the biogas digester is a treatment module not only for pig manure but also 
for human excreta. Therefore, after treatment in the biogas digester, the waste will 
be sanitarily safe to apply in the fish ponds and gardens.

Up-to-date biogas digesters have proven not only to be a safe treatment for live-
stock waste but also an efficient source of gas supply for household cooking, light-
ing, etc. Nevertheless, pig manure in the region is often in short supply. Most farm 
households in the Mekong Delta have small-scale piggeries with four to ten ani-
mals, and in case the market price of pigs is low or the cost of livestock fodder is 
high, the households tend to decrease the number of pigs or even to stop raising 
pigs. In such cases, the biogas digester processes discontinuously due to the short-
age of pig manure, the base input of biogas digesters in the Mekong Delta. 
Consequently, the investment return from installing biogas digesters is less profit-
able. This impedes the broad diffusion of biogas digesters in the Mekong Delta and 
subsequently affects the pollution-prevention program in the area. Because of the 
shortage of pig manure in biogas digesters in the Mekong Delta, there is a need to 
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find materials to supplement pig manure if biogas digesters are to come into wide 
usage in the area.

In seeking supplements to pig manure for biogas digesters, we found that there 
may be some potential materials such as agricultural and aquacultural residue that 
can be used. Many years ago Ottmar Philipp et al. (1983) found that water hyacinth 
is suitable for the process of anaerobic fermentation. Malik et al. (1990) reported 
that some plant wastes (including WH) and other agricultural wastes, along with 
poultry litter and dung, could be used for biogas production. Chanakya et al. (1992) 
found that fresh WH, dried WH, and urban garbage collected immediately after 
dumping were amenable to solid-phase fermentation. Other researchers have tested 
a two-stage, rumen-derived, anaerobic digestion process for the conversion of WH 
shoots and a mixture of the shoots with cow dung into biogas (Kivaisi and Mtila 
1998). And Ganesh et al. (2005) have developed a procedure for extracting volatile 
fatty acids from WH using simple and inexpensive equipment of the type commonly 
available in rural households.

Based on these references, we found that water hyacinth, Eichhornia crassipes, 
is potentially a supplemental input for biogas digesters. WH is a very common plant 
growing everywhere throughout the year in a dense system of canals in the Mekong 
Delta. Thanks to the widespread availability of WH in local areas of the Mekong 
Delta, if WH can be used as a supplement to pig manure in biogas digesters, it 
would make the broad diffusion of biogas digesters much more feasible in the 
Mekong Delta. Our study aims to test whether or not WH can be effectively used 
to supplement pig manure in biogas digesters in real situations of the Mekong Delta 
by measuring gas production from batch anaerobic digesters with the input materi-
als of PM mixed with WH. The result of this study is expected to encourage the 
owners of biogas digesters to consider using WH as an additional input material in 
their biogas digesters when animal manure is in short supply.

Our experiments were expected to determine:

Levels of gas production according to differential treatments of WH; and• 
The impact of the differential mixing ratio of WH to PM on gas production.• 

20.2  Materials and Methodology

20.2.1  Research Location and Time

The experiments were conducted at Hoa An Research Center of Cantho 
University, while some physical–chemical analyses were done at the Environmental 
Engineering Laboratory, College of Environment and Natural Resources, 
Cantho University, Vietnam. We carried out our experiments from November 6 to 
December 16, 2008.
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20.2.2  Input Materials

20.2.2.1  Experimental Set-up

We installed the apparatus needed for 39 airtight digestion units. Each consisted of 
a 50 L plastic bag (0.5 mm thickness) connected via soft joints to ensure air-tightness 
and water-tightness to one polyvinyl chloride (PVC) input pipe, one PVC output 
pipe, and one gas-collection pipe. For the safety of the test, only 40 L of materials 
were loaded into the 50 L digester. This quantity of input materials was estimated in 
proportion to a typical 4-m3 biogas tank commonly used in the Mekong Delta.

The aluminum bags (at maximum containing up to 30 L) were connected directly 
to the digestion bags through the gas-collection pipe in order to collect gas samples 
(Fig. 20.1).

20.2.2.2  Collection and Treatment of Input Materials

Input materials loaded for the anaerobic process were prepared as follows:

PM collected from the different piggeries at Hoa An Research Center was dried out • 
at ambient temperature (about 25°C ± 4°C) for 1 week before use, and then the dried 
PM was smashed and mixed together until it became a homogeneous mixture.
WH was collected from the canals around Hoa An Research Center. The WH • 
(without the roots) was chopped into 0.5–1.5 cm pieces by hand. Then the WH 
was air-dried at ambient temperature (about 25°C ± 4°C) up to unchanged 
weight. Once completely dry, the WH pieces were mixed together until they 
became homogeneous (Fig. 20.2).

Fig. 20.1 Set-up of batch experiments
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To speed-up the gas production, the WH material was hydrolyzed by the inoculum for 
2 days before being loaded into the digestion bags. The hydrolyzed WH then under-
went three different types of pre-treatments - one with only the juice of WH (C1); one 
with WH juice and WH residue (C2); and one with WH juice and crushed WH residue 
(C3). We prepared the WH pre-treatments differently in order to test which type of 
preparation of WH would give an optimal result in gas production.

To shorten the time for gas production, we used the residue manure taken from • 
an activated biogas tank as an inoculum. Note that there is a 100-m3 biogas tank 
at Hoa An Research Center that we used for treating the piggeries’ wastewater.

20.2.2.3  Mixing Ratio of Input Materials

The ratio of PM to WH in the mixture was based on the ODM in these materials. 
Before conducting the experiments, we carried out sample analysis of organic dry 
matter in the PM and WH to determine an appropriate input-material loading rate.

For each type of WH pre-treatment, we set up five different treatments, with 
mixing ratios between PM and WH as follows:

R1, 100% PM + 0% WH: 1 experiment with C0 (control treatment).• 
R2, 75% PM + 25% WH: 3 experiments with C1, C2, and C3, respectively.• 
R3, 50% PM + 50% WH: 3 experiments with C1, C2, and C3, respectively.• 
R4, 25% PM + 75% WH: 3 experiments with C1, C2, and C3, respectively.• 
R5, 0% PM + 100% WH: 3 experiments with C1, C2, and C3, respectively • 
(Table 20.1).

Fig. 20.2 Prepared input materials
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20.2.3  Analyzing Parameters

The target analysis was conducted according to standard methods.

pH: pH meter Orion model 230.• 
DM, ash, ODM, C: Memmert UI 40 oven; heating 550°C; electronic balance • 
Sartorius CP 324.
N: Tecator digestion system; Gerhart distiller.• 
Buffer capacity: Biogaspro instrument.• 
CH• 

4
, CO

2
, O

2
, H

2
S: Geotechnical 0–100/100GA94.

Gas volume: RITTER meter (with smallest scale of 20 mL) (Figs. • 20.3 and 20.4).

Fig. 20.3 Collecting wastewater samples

Table 20.1 The arrangement of all 13 experiments (with triplicate treatments of each)

WH treatments 
Ratio of PM to WH C0 C1 C2 C3

R1: 100% + 0% C01a C01b C01c

R2: 75% + 25% C12a C12b C12c C22a C22b C22c C32a C32b C32c

R3: 50% + 50% C13a C13b C13c C23a C23b C23c C33a C33b C33c

R4: 25% + 75% C14a C14b C14c C24a C24b C24c C34a C34b C34c

R5: 0% + 100% C15a C15b C15c C25a C25b C25c C35a C35b C35c

a, b, c are three replicates for each experiment
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20.3  Results and Discussion

After using statistical tools to analyze output results, we found that gas production in 
experiments for C2 and C3 was not significantly different. For that reason, in this 
paper we only present and discuss the output results of experiments for C1 and C2.

20.3.1  Biogas Volume

The biogas volume was collected by the aluminum bags and recorded every day. 
The daily results were shown according to each type of WH treatment.

As described in Fig. 20.5, the biogas volume reached maximum value in the 2nd 
week; and between the 2nd and the 5th week, biogas volume reduction was very 
slow; this observation showed that the material decomposed most in the first 
2 weeks. This result suggests that the gas-produce period of wastewater in C1 treat-
ments possibly lasts approximately 30 days.

With respect to the different ratios of WH to PM in the mixture, we found that 
the treatments with higher percentages of WH in the mixture resulted in less biogas 
volume. The biogas volume of treatments mainly comes from the decomposition 
process of PM, but the WH used in the treatments was not completely hydrolysized 
because 2 days is not long enough to decay all organic materials in the WH. This 
possibility may have a negative impact on biogas volume in C1 treatments.

Fig. 20.4 Measuring gas volume
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As shown in Fig. 20.6, the biogas volume of each C2 treatment reached maximum 
value at close range of 110–130 L after 2 weeks (except for the C24 treatment in 
which biogas volume increased slowly from week 2 to week 5 and got maximum 
value in week 5). Compared to the biogas produced from C1 treatments, in the last 
3 weeks the biogas yield of C2 treatments also slowed down but was still higher than 
C1 treatments. This result suggests that in case of application of C2 treatments for 
wastewater, the gas-produce period in the biogas digester could last up to 40 days.

The biogas volume of the treatments reached the maximum value in the 2nd 
week and then gradually decreased in the last 3 weeks. This result of our experi-
ments is consistent with previous findings. In our opinion, the biogas volume could 
reach its maximum value in the second week due to the use of wastewater as buffer 
water in the experiments and the stimulating effects of shaking the digester bags. 
The inoculum water was taken from an activated 100-m3 biogas tank, and the biogas 
digester bags were shaken daily to mix the materials completely.

Fig. 20.6 Biogas volume of C0 and C2 treatments

Fig. 20.5 Biogas volume of C0 and C1 treatments
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20.3.2  The Main Composition of Gas

In addition to the measurement of biogas volume produced in each treatment, the main 
gas components (including CH

4
, CO

2
, O

2
, and H

2
S) were collected daily and stored in 

bags for 7 days before being measured. Every day, we extracted a certain amount of 
gas from the aluminum bags and stored the extracted gas in bags. The extraction work 
was carried out either by a self-made piston (in the case of an aluminum bag with 
much gas) or by a 50-mL syringe (in the case of the one with less gas). In the first 
3 weeks, the extracted gas was 300 mL/bag*day, but in the last 2 weeks, we could get 
500 mL/bag*day due to the large amount of gas production (Table 20.2).

The weekly records of the main gas components show that the biogas quality 
was rather high (due to the weekly average value of the CH

4
 of around 51.63–

63.18%). The CH
4
 reached the highest value of 70.73% in the C14 treatment; the 

O
2
 reached a high of 4.7% in the C15 treatment, while in the other treatments the 

O
2
 did not exceed 1.45%. Among our treatments, only the C23 treatment could 

reach the highest value of H
2
S with 0.0316% (316 ppm). Meanwhile, the gas col-

lected from the activated 100-m3 biogas tank at Hoa An Center (where we took 
inoculum water) could reach the H

2
S value of 1,000–3,000 ppm. The difference in 

H
2
S yield has two possible explanations:

First, our experiments were conducted in only 35 days while the 100-m• 3 biogas 
tank is stable and in operation for a long time.
Second, the biogas samples were collected and stored in the aluminum bags for • 
7 days before the gas composition was recorded. These aluminum bags were 
re-used for multi-records, which might have caused water condensation inside 
these bags. Available water vapor (H

2
O) and oxygen (O

2
) remaining in the gas 

container itself will reduce the H
2
S by the following reaction:

2 2 2H S O 2S H O+ → +

Also, NH
3
 is present in biogas composition:

3 2 4NH H O NH OH+ −+ → +

2 2H S OH HS H O− −+ → +

Of the main gas components in biogas, the average value of CH
4
 is presented in 

Fig. 20.7.
In the 2nd week, all CH

4
 outcomes of the C1 treatments were greater than 50%, 

increasing with higher percentages of WH loads and attaining the highest value in 
the C15 treatment (69.5%). By contrast, all C2 treatments produced CH

4
 yield in 

lower levels (less than 50%) with the lowest found in the C24 treatment (32.25%).
In the first 2 weeks, almost all of the CH

4
 weekly values in the C1 treatments were 

higher than those in the C2 treatments, but over the last 3 weeks of the experiment, the 
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CH
4
 weekly values in the C1 treatments were lower than those in the C2 treatments. 

This demonstrates that the loaded WH juice keeps producing methane in the first 
2 weeks. Therefore, to be able to apply the C1 treatments successfully in reality, the 
hydrolysis time of WH should last more than 2 days so that the organic matters of WH 
could be totally decomposed, and the buffer water would be highly qualified.

As shown in Fig. 20.8, CH
4
 cumulative values of 100% PM and 100% WH treat-

ments seem to be similar in the first 2 weeks; but from the third week, the CH
4
 

cumulative value of 100% WH treatment is much increased compared to the 100% 
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 between 100% PM and 100% WH treatments
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PM treatment. This result clearly confirms that WH had good decomposition in the 
anaerobic digester and produces quite good CH

4
 yields compared to PM. In reality, 

biogas owners could completely apply WH as an additional material input in their 
biogas digesters, and biogas production would still yield well.

20.3.3  pH Value

The parameter of pH plays a key role in anaerobic-digester operation. To control 
this parameter, measurements of pH value were done from the first day of the 
experiments and then continuously recorded every 7 days during the experimental 
period (35 days) (Figs. 20.9 and  20.10).

In the C1 treatments, the pH values were higher due to the treatments with 
higher percentages of WH input. However, this tendency was in contrast in the C2 
treatment. As a result of inputting WH into the biogas digester, the organic matters 
from WH will be decomposed, which creates an acidification phase. For the C2 
treatments, both WH juice and WH residue were loaded into the biogas digester, so 
more organic matters will be decomposed, and then the acidification phase will 
remain longer and make the pH value lower.

Regarding a comparison of the average pH values produced among the treat-
ments: Our experiments showed that the pH value ranged from 6.87 to 7.60 with no 
significant differences among the treatments (p < 0.05). This range is suitable with 
the pH value proposed for biogas digester operation 6.8–7.2 (optimum from 7.0 to 
7.2) (Gerardi 2003).

6.2

6.4

6.6

6.8

7.0

7.2

7.4

7.6

7.8

1st day 7th day 14th day 21st day 28th day 35th day

C01 C12 C13 C14 C15

Fig. 20.9 pH value measured from C0 and C1 treatments
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20.3.4  Buffer Capacity

The weekly buffer capacity were measured parallel to pH measurements. However, 
owing to problems with the equipment in the first experiment week, we could 
record buffer results only for the last 4 weeks (Table 20.3).

The buffer capacity were recorded by Biogaspro equipment that acts based on 
the principle of using acid (HCl) to respond with CaCO

3
 (the major component of 

buffer) to produce CO
2
. The CO

2
 volume was measured in order to determine the 

concentration of CaCO
3
 in the wastewater as a result of the following reaction:

3 2 2 22HCl CaCO CO CaCl H O+ → + +

According to Joachim (2008), buffer is a parameter to ensure stability of gas 
produced. The buffer capacity should be maintained at the level of 1,000 mL/L or 

6.2

6.4

6.6

6.8

7.0

7.2

7.4

7.6

7.8

1st day 7th day 14th day 21st day 28th day 35th day

C01 C22 C23 C24 C25

Fig. 20.10 pH value measured from C0 and C2 treatments

Table 20.3 The weekly average value of alkalinity (mL/L)

Treatment Week 1a Week 2 Week 3 Week 4 Week 5 Average

C01 – 500 733 900 867 750
C12 – 1,017 667 833 867 846
C22 – 850 1,033 767 767 854
C13 – 850 1,200 550 900 875
C23 – 1,133 1,150 933 1,050 1,067
C14 – 1,017 783 767 650 804
C24 – 983 533 717 817 763
C15 – 700 567 517 817 650
C25 – 717 767 850 900 808
aNot recorded due to non-working equipment
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higher to keep a good buffer capacity in case input materials change. From our 
experiments, the buffer capacity ranged from 500 to 1,150 mL/L, slightly lower 
than the value suggested for maintaining the digester well in a stable way. To gain 
a high buffer capacity, a biogas digester is expected to operate conti nuously for 
2 months, but in our experiments, the biogas digester operated for 35 days only. 
This short time of operation may have affected buffer capacity in our test.

20.4  Conclusion

The experiments on biogas production in the 50 L anaerobic digesters with PM 
and WH input materials were conducted with five differential loading ratio of 
PM + WH (100 + 0, 75 + 25, 50 + 50, 25 + 75, 0 + 100) and three types of WH treat-
ments (WH juice after 2 days of hydrolysis; WH juice after 2 days of hydrolysis + WH 
residue; and WH juice after 2 days of hydrolysis + crushed WH residue). All 
treatments were repeated three times to increase the reliability of the experi-
ments, i.e., the total number of experiments was 39. Our principal finding after 5 
consecutive weeks of experimental work was that water hyacinth is potentially a 
supplement to pig manure in biogas digesters appropriate to the local conditions 
of the Mekong Delta of Vietnam. Regarding the method of WH pre-treatment, our 
findings concluded that to get the optimal yield of gas production in digesters, 
before the WH juice and WH residue are loaded into biogas digesters; fresh WH 
should first be cut into small pieces, dried for 2 days, and then hydrolysized in 
inoculum for 2 days.

According to our findings, the biogas yield was 14.3 L/kg of fresh-water hyacinth. 
Therefore, in case pig manure for the biogas digesters is in short or no supply, we 
can use water hyacinth not only as a supplement but also as an alternative to pig 
manure. A daily cooking-energy demand for one household of four to six persons 
is normally 1,200 L of biogas per day. A 4-m3 biogas digester with six to ten 90-kg 
pigs can produce this amount of gas to meet such a household’s daily cooking-
energy demand. In case pig manure is in short supply due to the decrease of pig 
herds, 10 kg of fresh-water hyacinth is equivalent to the amount of manure produced 
by a 90-kg pig per day. This means that if there is one pig absent, we can use 10 kg 
of fresh-water hyacinth to maintain the normal yield of the biogas production for 
household cooking-energy consumption. In case of no pig manure supply, a biogas 
digester whose only input is about 84 kg of fresh-water hyacinth per day can produce 
1,200 L of biogas per day.

We conclude that water hyacinth is a potential supplementary source in biogas 
digesters suitable to the local circumstances of the Mekong Delta where water 
hyacinth is highly available. This finding is important for promoting the broader 
application and operation of biogas digesters in the Mekong Delta and for helping 
to prevent water pollution in the area. In so doing, the development of biogas 
digesters will bring financial benefits to farmers and greater aqua-agricultural 
 sustainability to the region.
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Abstract Global climate destabilization is exacerbating water problems in 
Vietnam, most acutely in the South and Central regions where the majority of the 
inhabited area lies in the low elevation coastal zone. Off-grid community-scale 
reverse osmosis desalination powered by small wind turbines offers a solution to this 
problem for the coastal fringe of Vietnam’s Mekong Delta. Using a geographical 
information system (GIS) platform, a wind resources atlas developed by the Asia 
Sustainable and Alternative Energy, and projected rural population available 
from Columbia University’s Center for International Earth Science Information 
Network, this chapter explores this potential. The GIS analysis estimated that 
in the absence of all other water supply facilities, off-grid wind desalination 
could provide clean water to 5.4 million rural residents living in 18,900 km2 of 
the Mekong Delta coastal provinces at the rate of 60 l/person/day. In addition to 
providing clean water, the use of wind-powered desalination in the region would 
have educational benefits to combat poverty and unemployment and ease water-
related conflicts, and it has been shown to improve environmental and agricul-
tural sustainability. Thus this technology was found to represent a decentralized 
and community-based method to adapt to and mitigate climate change in the 
coastal fringe of the Mekong Delta.
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Abbreviations

ASTAE Asia Sustainable and Alternative Energy Program
CFD Computational Fluid Dynamics
CIESIN Center for International Earth Science Information Network
CPRGS Comprehensive Poverty Reduction Growth Strategy
LECZ Low Elevation Coastal Zone
ERS SAR PRI  European Remote Sensing Synthetic Aperture Radar Precision 

Image
IRDC International Research and Development Council
NRCWSS National Rural Clean Water Sanitation and Supply Strategy
NREL National Renewable Energy Laboratory
RO Reverse Osmosis
SAR Synthetic Aperture Radar
UNFAO United Nations Food and Agriculture organization
UTM Universal Transverse Mercator
VLSS Vietnam Living Standard Survey
WPD Wind Powered Desalination

21.1  Introduction

Although it has always been a serious problem, providing a clean water supply for 
the population of Vietnam is one of the major concerns for the government in the 
face of looming global climate destabilization (Soussan et al. 2005). In 1999 the 
total renewable freshwater supply of the country, not the actual fresh water supply, 
was 891 km3/year, but this supply of course varies spatially.1 The spatial non-
uniformity of groundwater resource distribution was documented by University of 
Bern, Switzerland.2 Small towns in the coastal fringe of the Mekong Delta suffer 
the lowest groundwater quality nationwide, are home to the worst habits in water 
sanitation (Soussan et al. 2005), pay higher water tariffs, enjoy few alternatives, and 
sometimes cannot afford connection fees to relatively sanitary supplies (World 
Bank 2000). In some areas, over-exploitation has resulted in falling water tables, 
which contributes to further land subsidence and salinity intrusion, a problem of 
particular concern in the Mekong Delta.3

To correct these problems, the National Rural Clean Water Sanitation and 
Supply Strategy (NRCWSS) 2020 has aimed to have 85% of the rural population 
consume clean water at 60 l per capita per day in 2010 (Ministry of Construction and 
Ministry of Agriculture and Rural Development 2000); the demand in large urban 

1 http://www.worldwater.org/data.html
2 http://www.cde.unibe.ch/Regions/Mekong_Proj_2_Rs.asp#DISS_EP PI
3 http://www.wepa-db.net/policies/state/vietnam/overview.htm

http://www.worldwater.org/data.html
http://www.cde.unibe.ch/Regions/Mekong_Proj_2_Rs.asp#DISS_EP PI
http://www.wepa-db.net/policies/state/vietnam/overview.htm
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centers already ranged from 50 to 180 l per capita per day (Vo 2007). The target for 
2020 is even more ambitious yet unlikely to succeed as there are no clear terms of 
action required to meet these goals (Soussan et al. 2005).

Vietnam’s 192 water supply plants are deteriorating (Soussan et al. 2005). In the 
Mekong Delta the popular means of water supply is groundwater extraction by 
pumping. The number of pumps has increased dramatically within the last several 
years from 75,000 pumps in 1990 to around 800,000 pumps by 1999. The current rate 
of groundwater extraction is estimated at 430,000 m3/day serving about 4.5 million 
people out of the Delta’s population of 14 million (Eastham et al. 2008). This is in 
part due to the fact that the existing uniform promotion of piped water is inappropriate 
and inefficient with as much as 30–55% of the water pumped out of the country’s 
treatment plants lost through the distribution network (Soussan et al. 2005).

Despite these challenges, those living in the Mekong Delta have ample access to 
water along the coast, which only needs to be desalinated. Yet, there is no sea water 
desalination in the coastal areas of Central and South Vietnam at the municipal 
level (SunLift 2001). This can largely be attributed to the high cost of extending the 
transmission network (World Bank 2006a) and the cost barrier of economical dis-
tributed energy technologies able to provide power for rural households, let alone 
for desalination (Nguyen 2006). Recent technical advances and the scaling up of 
renewable energy sources such as wind systems have reduced the energy require-
ment as well as improved efficiency, making it possible to drive down the costs 
(SunLift 2001; García-Rodríguez 2004; Fritzmann et al. 2007), and thereby offer 
the potential to provide this power for desalination to develop municipal-scale clean 
water systems.

This chapter will explore the potential for wind-powered desalination (WPD) for 
the coastal fringe of Vietnam’s Mekong Delta. Specifically, this chapter considers 
off-grid medium- to small-scale reverse osmosis desalination run with electricity 
from small wind turbines. First, aspects of the water problems for Vietnam will be 
reviewed in light of the probable effects of climate change during the twenty-first 
century. Next, regions with the highest potential and most urgent demand will be 
identified and quantified. Finally, the introduction of wind desalination in rural 
Mekong Delta will be discussed in the context of sustainability and technical and 
financial viability.

21.2  Background

21.2.1  Threats to Vietnam’s Clean Water Supply

Anthropogenic factors play a major role in bringing about the water supply crisis 
and impeding sanitation improvement in the Mekong Delta. Described by Kakonen, 
the dual nature of human attitudes toward the river flow regime and the Delta’s 
environment is characterized by human intervention, control, and adaptation; 
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the former of which has lately dominated the choice of actions, which have escalated 
in terms of administration level and a number of public construction works (2008). 
Despite becoming very productive and export-oriented, the Delta has been facing 
worsening water quality, increased demand for water, and increased saline water 
intrusion. The costs and drawbacks of the engineering works have largely fallen on 
poor farmers and landless people.

The coastal areas experienced shifts first from brackish water to freshwater and 
then back to brackish water systems. Although the conversion of large areas into 
intensive shrimp farms adds value to brackish water, experience from Thailand has 
demonstrated the difficulty in making the shrimp business a socially-equitable and 
environmentally-sustainable livelihood source (Kakonen 2008). It has been argued 
that more social and environmental sustainable options be explored to maintain the 
Mekong Delta’s enormous productivity and mitigate the increasing production costs 
in terms of strengthening saline intrusion, deteriorated water quality, declining 
biodiversity, and increased social differentiation (Pretty 2008).

The aggravation of the water problem by global warming is and will be signifi-
cantly seen in the South and Central regions (Chaudry and Ruysschaert 2007), most 
of the inhabited area of which lies in the low elevation coastal zone4 (LECZ) 
(SunLift 2001). First, sea level rise contributes to saline water intrusion (Soussan 
et al. 2005) and limits the water available for irrigation and aqua-farming (Nguyen 
2007a). In the Mekong Delta salt water infiltration into groundwater and freshwater 
shortages, being already very common, will be increased through prolonged 
droughts and reduced river discharge. The damage implicates 1.5 million hectares 
of cultivated land out of the total 2.4 million hectares currently employed for agri-
culture in this national “rice-bowl” (Le and Wyseure 2007). In 2000 irrigation 
accounted for approximately 84% of water demand nationwide (World Bank 
2006b) and grew to between 85% and 90% in 2003 (Le and Wyseure 2007). 
Between 2000 and 2010 the volume of irrigation water will likely rise from 76.6 to 
88.8 km3 (Soussan et al. 2005; Eastham et al. 2008). To put this in perspective, 95% 
of groundwater reserves in Vietnam remain untapped (World Bank 2003, 2006b), 
of which the total potential exploitable reserve of the country’s aquifers is estimated 
at nearly 60 km³ per year. Unless better management of water resources occurs 
there is a serious future food-security threat in the region.

Water supply, secondly, is connected to poverty in Vietnam (SunLift 2001, 
Nguyen 2007). In the Mekong Delta basin, the four farthest downstream provinces, 
which are most severely affected by salinization, have 80% of their water from 
drilled tube wells whereas 70% of the Central coastal communities get drinking 
water from wide diameter open wells. As these areas are most vulnerable to flood 
and storm surges (Soussan et al. 2005), the practices (1) lower both quality and 
availability of the water resources, (2) force the population to accept low 
quality and substandard consumption of water (e.g., An Giang and Dong Thap 
in downstream Mekong) (Berg et al. 2006), and (3) lead to water borne diseases 

4 http://sedac.ciesin.columbia.edu/gpw/lecz.jsp

http://sedac.ciesin.columbia.edu/gpw/lecz.jsp
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(Soussan et al. 2005). Being water-poor is equivalent to poverty and to low-health 
security (Soussan et al. 2005).

Finally, ecology and habitat security is endangered by the intensified and less 
predictable seasonal patterns of drought and rainfall (Government of Vietnam 
2002; Nguyen 2007; Soussan et al. 2005). Ninh Thuan province provides an 
example of accelerated desertification hurting the local livelihoods. More still 
needs to be compiled and done for drought data in Vietnam (Soussan et al. 2005), 
but it is clear that this severe problem is likely to be aggravated by climate change 
this century.

21.2.2  Reverse Osmosis

Common desalination technologies include reverse osmosis, electrodialysis, multi-
stage flash, multi-effect distillation, and vapor compression distillation (SunLift 
2001; Einav et al. 2002; Blank et al. 2007; Karagiannis and Soldatos 2008). In a 
previous study of sea water desalination in the coastal areas of Central and South 
Vietnam, reverse osmosis (RO) was found to be the most economical means of 
providing desalinated water in many cases due to its lower energy consumption, 
leading to lower unit water costs (SunLift 2001). Einav et al. presented a general 
layout of a reverse osmosis desalination plant, which consists of a bundle of mem-
branes placed in a pressure chamber, a high pressure pump, a turbine for recovering 
energy from the high concentration brine that is discharged from the plant, and a 
system for the pretreatment of the feed water and the product water. Seawater enters 
a pretreatment system, which contains sand filters, micron filters, and a system for 
chemical dosing. The purpose of this pretreatment system is to protect the mem-
branes from fouling by dirt, biological, or chemical deposits. The feed pump drives 
seawater through the membrane system. The desalinated water then receives a final 
treatment, which includes the adjustment of its reactivity ratio, the reduction of its 
corrosiveness, and its disinfection. The discharged brine passes through the turbine, 
which recovers 30–40% of the energy invested by the process pump and is then 
returned to the sea. A secondary system used for periodical cleaning of the membranes 
is installed in each reverse osmosis plant (2002).

RO unit water costs are primarily determined by the membrane life and energy 
costs (Einav et al. 2002; Avlonitis et al. 2003). RO systems can be designed for 
intermittent or continuous operation (Thomas 1997) according to fluctuating water 
demand and benefit only slightly from economies of size. This makes them ideal for 
intermittent renewable energy sources as long as there are adequate water reservoirs 
for storage. RO has tremendous energy advantages over other technologies under 
the following conditions: a 1% salt passage can be tolerated, steam is not available, 
and good quality sea water is available, which exists in the South China seawater. 
Further, when compared to thermal processes, RO has: (1) higher conversion ratios 
due to the increased strength of new composite membrane modules to higher operating 
pressure levels, (2) improved plant availability due to the enhancement of membrane 
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lifetimes, (3) simplicity and modularity of plant design and operation, (4) reduced 
installation space, (5) shorter delivery times, and (6) lower environmental impacts 
(Kiranoudis et al. 1997; Dore 2005).

The US Department of Energy estimates the capital cost to be between $1,600 
and $2,000/m3/day of capacity for developing country applications (Thomas 1997), 
which is higher in terms of upfront investment compared to thermal processes 
(SunLift 2001) and explains the decreasing market share of the technology 
(Kiranoudis et al. 1997). One solution is to reduce the operational cost of the entire 
plant, which constitutes more than half of the total annual cost of the plant via the 
use of alternative (renewable) energy sources for direct production of electricity. 
The most promising alternative source of energy under consideration is electricity 
produced by wind turbines in regions with high wind potential, because they reduce 
the unit cost of clean water up to 20% provided that the regional wind mean veloci-
ties are higher than 5 m/s (Kiranoudis et al. 1997). Kaldellis and Kondili (2007) 
confirmed that wind desalination is most suitable for small (1–50 m3/day) and 
medium (50–250 m3/day) scale plants and that wind energy can be used efficiently 
provided that the average wind velocity is above 5 m/s.

Energy requirement varies with the type of feed-in water and the sources of the 
study. For sea water it can be as high as 17 kWh/m3 (Thomas 1997) or between 5 
and 7 kWh/m3 (SunLift 2001; Carta et al. 2003). High efficiency pumps designed 
for renewable energy power RO desalination can lower energy consumption to 
between 3.5 (García-Rodríguez 2004) and 2 kWh/m3 (Fritzmann et al. 2007). Many 
reverse osmosis systems now use energy recovery to increase the efficiency of the 
system further. However, energy recovery does not increase the operational com-
plexity of RO systems (Thomas 1997), but it can significantly increase the costs of 
the system (Kalogirou 2005).

When assessing the environmental impacts of the RO desalination technology, 
Einav et al. (2002) considered the use of land, the impact on groundwater, the 
impact on the marine habitat by way of the discharge of the brine, noise pollution, 
and the intensified consumption of energy. To minimize the environmental impact 
of a desalination plants, the siting of the plants and the consequential use of long 
pipes are advised to avoid salinization of the local water system. Attention must 
be paid to the effects of discharging the concentrated brine on the marine environ-
ment. Although examples in the literature were drawn from plants by the Red Sea, 
the sensitivity of mangrove and coral reefs is worth noting given the presence of 
mangroves around the Ca Mau Peninsula (Binh et al. 1997) and that of coral reefs 
offshore of the southern Central Vietnamese coast (Wilkinson 2005). Reverse 
osmosis by itself is not a significant greenhouse gas emission source (Fritzmann 
et al. 2007).

In Vietnam, even though several attempts at demonstrating the benefits of desali-
nation systems have occurred recently, the diffusion of desalination in Vietnam is 
minimal (SunLift Systems 2001; Pankratz 2008). Previous literature on desalina-
tion in Southeast Asia is dominated by large scale nuclear powered desalination; 
while in the Mediterranean region (Greece), the Middle East (Iran, Oman), and 
North Africa (Egypt, Algeria) it is abundant. This is not helped by the fact that the 
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only desalination plant in a comparable geographical region is the SingSpring 
project in Tuas, Singapore, which can provide over 100,000 m³ per day or 10% of 
the country’s needs.5 Following standard definitions (Buitenhuis et al. 2010; Pearce 
et al. 2008) of appropriate technologies, there is a clear investigative gap to fill as 
large-scale centralized sources of desalination are not appropriate for the distributed 
rural areas for the Mekong Delta. A report by SunLift in 2001 considered diesel/
wind and wind/hydrogen hybrid desalination systems and found that in light of the 
increasing prices, significant cost benefits will be achieved for wind/diesel systems 
even in locations with medium wind conditions (SunLift 2001). Nearly a decade 
has passed since the report was produced and the first landmark for the NRCWSS 
goal has arrived; there is a clear need for a new cost evaluation and comparison for 
renewable (wind) powered desalination in Vietnam.

21.2.3  Wind Energy Modeling and Estimation

Landberg et al. provide an excellent theoretical base for tackling wind-energy 
related problems and present eight methods to estimate energy yield: (1) “Folkore,” 
(2) measurement only, (3) measure-correlate-predict (MCP), (4) global databases 
(most utilized is the NASA Surface Solar Energy SSE), (5) wind atlas methodology 
(CFD models), (6) site data-based modeling, (7) meso-scale modeling, and (8) and 
combined meso/microscale modeling (2003). Manwell et al. (2002) provide an 
additional introduction to the popular Weibull and Raleigh distributions, which in 
the absence of station measurements will allow the fitting of available data and 
predicting and classifying the wind at a specified location. A resolution of 1 km or 
less requires tremendous amounts of computing although increasing speeds of 
computers has allowed the order of a few kilometer (Landberg et al. 2003). Recent 
work by Pryor et al. in 2004 gives an intensive mathematical discussion of the 
uncertainties associated with distribution fitting methods.

To deal with the coastal wind, data from either synthetic aperture radar (SAR) 
or daily scatterometer (QuickScat) are used. Wind mapping from the former 
requires imaging and signal interpretation algorithms (Christiansen et al. 2006) and 
suffers from steep commercial costs for each ERS SAR PRI and Envisat ASAR PRI 
scene covering an area of 500 km by 500 km. Wind energy calculations can be car-
ried out using the WasP (Wind atlas analysis and application Program) (Hasager 
et al. 2004). In the case of QuickScat, free tools are available to interpret the level 
3 QuickScat .hdf files into a GIS platform.6 However the data suffers from low 
resolution.

Khan and Iqbal (2004) used the MCP method, which correlates surface data 
from short measurements or sparsely located stations with the global Surface Solar 

5 http://www.water-technology.net/projects/tuas/
6 http://comlmaps.org/how-to/layers-and-resources/oceanographic-data/quikscat-wind

http://www.water-technology.net/projects/tuas/
http://comlmaps.org/how-to/layers-and-resources/oceanographic-data/quikscat-wind
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Energy dataset and found it to be an excellent and user-friendly source for preliminary 
study purposes. Contours plotted by Matlab7 using this database were found to 
indicate similar trends with those from the NCEP/NCAR (National Center for 
Environmental Predictions/National Center for Atmospheric Research) Reanalysis 
and from the COADS (comprehensive ocean–atmosphere data set). Ground data 
extrapolation for turbine heights was done using the power law.

The Wind Energy Resource Atlas of Southeast Asia resulted from the MesoMap 
system, which is an integrated set of atmospheric simulation models, global 
weather, and geographical databases. Simulations were run on a representative set 
of days picked from 1984 to 1998 on a 1-km grid scale. Error assessed for the 
case of the Philippines was 8% within the true mean wind velocity. It was found 
that good to excellent wind resource areas concentrate partly into the coastal areas 
of southern Vietnam, where northeast monsoon winds converge with offshore wind 
and accelerate round the end of the Southeast Asia peninsula. Areas classified as 
fair or better for small wind turbines include large sections of coastal southern and 
Central Vietnam (TrueWinds 2001).

21.3  Methodology

21.3.1  Definitions

A distinction between rural and urban population density was necessary for this 
chapter, since defining urbanism and urban population is country-specific and 
effort-consuming (United Nations 2010; Long et al. 2001) and no uniform defini-
tion exists for the world (United Nations 2010). For Vietnam such a definition was 
not found in the National Statistics Office. Hence rural population density for 
Vietnam was taken to be lower than 2,000 people per km2, which is the minimum 
requirement for urban density in the lowest class (class V) in the government’s 
scheme of urban center classification (Coulhart et al. 2006).

By 2001 an estimated 53% of the urban population and 30% of the rural popula-
tion had access to potable water or 65 and 40 l per capita per day, respectively 
(SunLift 2001). It should be noted that 40 l/person/day is the World Health Organi-
zation standard water consumption per urban resident (United Nations 2007). By 
2004, 99% of urban population and 80% of the rural population (85% of the total 
population) in Vietnam had access to safe drinking water.8 However according to the 
Vietnam Living Standard Survey (VLSS) (General Statistics Office of Vietnam 
2006), 62.2% of urban households and 6.3% of rural households rely on tap water 
for their main source of drinking water. The Comprehensive Poverty Reduction and 
Growth Strategy (CPRGS)’s 2003 mandate that 60% of rural and 80% of urban 

7 Scilab provides an free and open source platform for numerical computation http://www.scilab.org/
8 http://www.worldwater.org/data.html

http://www.scilab.org/
http://www.worldwater.org/data.html


37921 Community-Scale Wind-Powered Desalination

population have access to clean and safe water by 2005 (Government of Vietnam 
2003) signals some optimism, at least by coverage. However, it also raises a question 
by caution: by what standard or definition is the water “safe and clean”? Conflict can 
exist among the definitions of safe and clean water used by different institutions.

Very limited information about the groundwater resource size, use, sustainability, and 
quality in this region is available from the literature (Eastham et al. 2008). 
Acknowledging the problem of incompatible data sets for water supply and sanitation 
coverage (World Bank 2002), this study will reconstruct maps for water treatment cover-
age based on the Vietnam Living Standard Survey (General Statistics Office of Vietnam  
2002). The maps for the nationwide NRCWSS coverage were based on definitions of 
clean water supply, which encompasses clean water, drilled wells, rainwater, moun-
tain springs with filters, constructed hand dug wells at least 7 m away from pollutant 
sources, and filter/chemical-treated water from unprotected sources; and that of 
improved water sources, which include tap water, drilled wells, rain water, mountain 
spring with filters, and all constructed hand dug wells (Soussan et al. 2005).

21.3.2  Data Inputs

As GIS was intended to be the platform for calculation and visualization of the 
results, all project data had to be acquired and imported in a suitable and usable 
format for the program used, which was ArcGIS version 9.3, and conform to 
the time line and definitions discussed above. Data ranged from geographic  
(to define the geographical constraint of the study) to demographic (to reflect the 
human central focus of the study) and technical (for the wind potential).

VN’s country and province boundaries, in Universal Transverse Mercator zone •	
49N (UTM 49N) and World Geographic System 1984 datum (WGS 1984), 
developed by Ha T. Nguyen.
VN’s population grids for 2010, in Lambert Azimuthal Equal Area projection, •	
at 6 km resolution, developed at Columbia University’s Center for International 
Earth Science Information Network (CIESIN).9

ASTAE wind map: UTM 48N at 1 km resolution and at 30 m elevation.•	

21.3.3  Yield of Desalination by Wind Energy

The conceptual methodology of the chapter can be summarized in the following 
steps:

Spatially map the rural population density of the region for 2010•	
Spatially map the rural population within the feasible wind areas•	

9 http://sedac.ciesin.columbia.edu/gpw/global.jsp

http://sedac.ciesin.columbia.edu/gpw/global.jsp
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Estimate local water demand corresponding to each feasible wind point based •	
on population density
Estimate required wind speed to meet local demand at each feasible wind •	
point
Calculate the difference between available potential supply and local demand for •	
water at each feasible wind point

For a resolution of 4.16 km by 4.16 km there is a cut-off of 22,210 people per cell 
(e.g., population densities lower than this are not considered). A reclassification 
scheme using this value as a cut-off produced a density Boolean grid, g

db
. 

Multiplying this grid with g
d
 the original population density grid of 2010 gave g

rd10
 

the rural population density grid of 2010 with the low density areas removed:

 =rd10 db d*g g g  (21.1)

A zonal statistics gave the projected 2010 rural population density in each province, 
p

prd10
, which was multiplied with area and divided by cell size to give p

prt10
 the prov-

ince’s rural total population in 2010, just to be verified with 2008 government 
statistics:

 prt10 prd10 prov cell* /p p S S=  (21.2)

The unsupplied population p
u
 that has no access to clean water is

 u prt10 * (1 )p p c= −  (21.3)

where c is the percentage of clean water coverage obtained during the VLSS 
2002.

Only areas with wind greater than or equal to 5 m/s for 30 m were selected based 
on recommendations in previous studies (TrueWinds 2001; Kiranoudis et al. 1997; 
Carta et al. 2003). The resultant point shapefile is named selected_wind, which was 
converted into raster – g

wind.position
 – at the same grid size as the density grid, in order 

to eliminate cells with no technically viable wind potential:

 wind times pop wind position dr10*g g g=  (21.4)

The product has the same extent (coverage) as the area with wind prospects and of 
smaller extent than the population density raster. Thus only the areas of rural popu-
lation and good wind potential are counted. Next the grid that contains population 
density as cell values was given by:

 wind pop wind times pop wind position/g g g=  (21.5)

The new raster has the highest population density of 21,290/cell compared to 
21,601 for the whole coastal region. It should be noted that Eq. 21.5 is used to 
restore units in a different coverage.
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g
wind.pop

 was then transformed into a new raster with integer values. The integer 
raster has an attribute table, which enables further eliminating cells with population 
density lower than 50 people per cell (of approximately 20 km2 each). The cut off 
was decided based on an estimation that if 50 people only consume 20 l/day for 
drinking, cleaning, and cooking (Ayoub and Alward 1996) they will need a desali-
nation unit with daily output of 1 m3 which would represent prohibitive costs to the 
users. The command Extract values to points was run on the newly filtered g

wind.pop
 

to assign the appropriate population size to the applicable wind points.
A bottom-up approach was used to project the demand of local residents, and 

hence the size of desalination units, against the available wind resources. Reverse 
osmosis technology was chosen because of the advantages discussed above and 
compatibility to small and medium scale systems (Kalogirou 2005). A conservative 
estimate took 7 kWh/m3 as the energy requirement for reverse osmosis, i.e., excluding 
energy recovery, and 60 l per capita as the 2010 goal of the NRCWSS strategy for 
rural water consumption, the daily rural water demand per cell is thus:

 cell cell *60/1,000(l/day)d p=  (21.6)

The current best wind turbines can harvest up to 45% of the available wind 
resources (Manwell et al. 2002), hence the energy consumption (e

cell
) needed for 

such daily water demand is:

 cell cell * 7 / 0.45(kWh/day)e d=  (21.7)

A simple equation to calculate the wind power per unit area was formed under three 
assumptions: (1) the standard density of air, r, is 1.225 kg/m3; (2) power from the 
wind is proportional to the swept area by the rotor; and (3) the wind power density 
is proportional to the cube of the wind velocity (Manwell et al. 2002). The wind 
turbine chosen for the study is Fortis Alize wind turbine with a pole height of 30 m, 
a blade diameter of 3.5 m, and a power rating of 10 kW.10,11 Electricity generated 
by the wind is used for pumping water and pressurizing the brine. From equa-
tion 2.2.8 in Manwell et al. (2002) the average daily wind speed required to operate 
such system is

 2= 1/3
req cell swept[( * *1000)/( * )] m/s) (V e Sr  (21.8)

where 2 results from taking the inverse of kinetic energy and 1,000 is the conver-
sion factor between Watts and kiloWatts.

Since each cell encompasses multiple wind sites, the required wind speed for a 
whole 20 km2 area may at first seem to overwhelm the available wind resources. 
A sum of all the available wind speed can give by proxy estimation of the potential 
desalination volume and better compare what is required and what is “available” for 

10 http://www.fortiswindenergy.com/products/wind-turbines
11 http://www.solarenergyalliance.com/fortisturbines.htm

http://www.fortiswindenergy.com/products/wind-turbines
http://www.solarenergyalliance.com/fortisturbines.htm
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each population size. The summarize command was run for population density 
against the required wind speed and population density against the total available site 
wind speed, the output of which was further handled in a spreadsheet by applying:

 < =req availIf or then returns 1 else 0V V  (21.9)

where 1 means that the cell is included for the area of feasible wind powered desali-
nation and 0 otherwise. A table joint enabled matching these boolean values to the 
appropriate population density, where all wind sites in the “counted” cells were 
extracted as a new shapefile: ws_   final. This shapefile was then converted to a raster 
whose all values were reclassified as 1 and got multiplied by g

wind.pop
. The product 

is a raster of selected population density that is fit for wind powered desalination: 
g

selected.wind
 and plotted in Sect. 21.4.

21.4  Results

Figure 21.1 shows the position of the feasible wind powered desalination areas 
within Vietnam’s coastal Mekong Region, where the region that can be supported 
by wind powered desalination was overlaid on the low elevation coastal zone.

Figures 21.2–21.9 provide a detailed enlarged view of this region on a per province 
basis and an inset perspective to the inland and sea boundaries. The grey scale 
gradient corresponds to low (white) to high (black) population density, while column 
height signifies the difference between required wind velocity and available wind 
velocities for each area of approximately 20 km2. On the figures some representa-
tive net wind resource values (velocity available minus velocity demanded to supply 
water production) are shown. It should be noted that these are aggregates of the 
net velocity over the grid, which is (17.3 km2). Hence the darker and taller the 
column the more desirable a desalination location because it represents a demand 
and an adequate margin between what is required and what is available in terms 
of mean wind energy. But even if the columns are of medium height, but dark, it 
will still make more sense to put a desalination system there than in areas with pale, 
tall columns because those represent very sparsely inhabited communes and even 
fields and mangroves. The ellipses in the figures denote areas that should be targeted 
first for WPD.

Figures 21.2–21.9 present excess wind resources against rural population for 
each province of Ba Ria Vung Tau, Bac Lieu, Ca Mau, Ben Tre, Kien Giang, Soc 
Trang, Tien Giang, and Tra Vinh, respectively. Dark tall columns (high population 
and favorable wind velocities) concentrate on the provinces of Ba Ria Vung Tau 
(Fig. 21.2), Tien Giang (Fig. 21.8), Ben Tre (Fig. 21.5), and inland Tra Vinh (Fig. 21.9). 
The same ideal conditions are only present around towns and provincial capitals 
of Bac Lieu (Fig. 21.3), Kien Giang (Fig. 21.6), Soc Trang (Fig. 21.7), and Ca 
Mau (Fig. 21.5). These results correspond to the provincial economic standings. Ba 
Ria Vung Tau (Fig. 21.2) is projected to be an international port and center of the 
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petroleum and tourism industries.12 Tien Giang occupies the center point in the 
waterway systems of the Mekong Delta and prospers on aquaculture and fruit agri-
culture.13 In a similar standing with Tien Giang, Ben Tre guards the waterway and 
highway access to Ho Chi Minh City and western Mekong.14 Advantages in trans-
portation access and industrial development attract more population, which in turn 
raises an immediate need for clean water supply.

Fig. 21.1 Position of the feasible wind desalinated area in coastal Mekong

12 http://www.baria-vungtau.gov.vn/
13 http://www.tiengiang.gov.vn/xemtin.asp?idcha=960&cap=2&id=1132
14 http://www.tiengiang.gov.vn/xemtin.asp?idcha=960&cap=2&id=1132 n&id=6&Itemid=46

http://www.baria-vungtau.gov.vn/
http://www.tiengiang.gov.vn/xemtin.asp?idcha=960&cap=2&id=1132
http://www.tiengiang.gov.vn/xemtin.asp?idcha=960&cap=2&id=1132 n&id=6&Itemid=46
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For the remaining provinces water demand largely reflects the patterns of agri-
cultural and civil activities. There is a special case in Fig. 21.9 of Tra Vinh because 
of sand dunes running parallel with the coastline and complicating the topology of 
the province. In addition its vulnerability to salinization explains the deep inland 
occurrence of human settlement and the importance of fresh water channeling 
here.15 The majority of land use in Soc Trang (Fig. 21.7) and Bac Lieu (Fig. 21.3) 
is dedicated for aqua farming and rice and hence the observation of tall, pale col-
umns representing a large marginal difference between demand and supply in areas 
of low inhabitance and high wind resources, which may well be open aqua farming 
water bodies and rice paddies. For Ca Mau (Fig. 21.4) the dominant presence of 
these columns agrees with the substandard poverty and education levels and mini-
mal infrastructure or else the vast mangroves of U Minh.16 In Kien Giang (Fig. 21.5) 

545.7 m/s

1,176

Population density [people/ km2]

5

174.6 m/s

Fig. 21.2 Net wind resources (wind velocity available minus velocity demanded to supply water 
production over 17.3 km2) in Ba Ria Vung Tau

15 http://www.travinh.gov.vn/
16 http://www.camau.gov.vn/#intro_details/8920/1

http://www.travinh.gov.vn/
http://www.camau.gov.vn/#intro_details/8920/1
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the threat of salination has directed the local livelihood toward fishing, aqua farming, 
tourism, and very recently a few heavy industries, which are to be developed, 
located near new ports.17 But overall the column profile of Fig. 21.5 for Kien Giang 
is relatively flat and short, illustrating only fair wind potential (TrueWinds 2001) 
and relatively few demand centers.

It was deemed more appropriate to measure the potential of small wind turbine 
applications via the proportion of rural population that could be served by small 
turbines (TrueWinds 2001). In addition, villages located in very good or excellent 
wind areas are very rare globally except in Vietnam. It was calculated that available 
wind resources can provide for 5.4 million people in applicable areas shown in 
Fig. 21.1 at the rate of 60 l per capita per day, in the absence of any other facilities. 
This is 5.4 million out of a total of 8.7 million predicted for the 2010 rural popula-
tion, spreading over 18.9 thousand km2 of 27.2 thousand km2 total area of the 
coastal provinces.

398.6 m/2

1,105

7

183.8 m/s

Population density [people/ km2]

Fig. 21.3 Net wind resources (wind velocity available minus velocity demanded to supply water 
production over 17.3 km2) in Bac Lieu

17 http://www.kiengiang.gov.vn/index2.jsp?menuId=275&articleId=11012

http://www.kiengiang.gov.vn/index2.jsp?menuId=275&articleId=11012
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194.1 m/s
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Fig. 21.4 Net wind resources (wind velocity available minus velocity demanded to supply water 
production over 17.3 km2) in Ben Tre

WPD system size was taken as directly proportional to the demand of the local 
populations and hence to the population density at the point wind speed measure-
ment is available. The number of wind sites that are technologically and financially 
feasible in providing electricity for desalination were found to concentrate in regions 
with moderate density i.e., up to 1,400 people per km2. This agrees with Nguyen 
(2007b) that small wind turbines appear to be one of the best options for isolated 
rural areas, particularly when there is a coupling of wind turbines with desalination. 
This is not entirely surprising because the higher the density is at a site, the more 
human activities take place; hence, more complex terrain can be created. In addition 
the natural topology and land-use characteristics of the coastal Mekong are already 
perceived as dynamic and complex (Kakonen 2008), the effect of which on the 
energy output from a turbine may be significant enough to force the economics of 
the whole project to depend on proper siting. In this case the more wind sites are 
available for each cell of 20 km2 coverage the more flexible and more decentra-
lized it becomes for system siting and design. However it would be premature to 
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exclude those locations with higher density without further investigation, being 
that larger population means greater demand and a more urgent need of access to 
clean water.

21.5  Discussion

21.5.1  Desalination for Employment, Conflict Reduction,  
and Sustainability

Wind energy is still very new in Vietnam and despite its perceived potential it has 
not been well received on both household and utility scales (Nguyen 2007b), which 
can be extrapolated to the public attitude that wind powered desalination may 
encounter in the coastal Mekong rural communes. Demonstration, promotion, and 
propagation activities need to be put in place to allow developers to evaluate their 
projects and users to appreciate the reliability and cost competitiveness of the tech-
nology. The appreciation can be more profound and long lasting if it is seen through 
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Fig. 21.5 Net wind resources (wind velocity available minus velocity demanded to supply water 
production over 17.3 km2) in Ca Mau
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the lens of (1) skill acquisition and educational benefits to combat poverty and 
unemployment, (2) easement of water-related conflicts, and (3) the context of envi-
ronmental or agricultural sustainability. In the context of agricultural sustainability, 
it offers social, environmental, and technical improvements for the region and 
hence represents a community-based (and decentralized) method to adapt to and 
mitigate climate change, which has attracted little focus in Vietnam (Shaw 2006).

WPD has the potential to improve the living standard and local infrastructure. 
Many implementations of WPD in the area would not only lead to improved water 
quality but also a demand for and presumably an inevitable improvement in local 
technical knowledge to accommodate maintenance. This is a significant benefit, 
because despite massive regional productivity the Mekong Delta ranks nearly the 
lowest nationally in terms of school enrollment and literacy levels (Taylor 2004, 
Nguyen 2007a). As WPD promises new jobs and an incentive to improve the edu-
cation of local residents, the demand for the landless in particular to seek hard 
manual and low paid jobs in faraway urban centers will be reduced. Note that Ca 
Mau and Soc Trang, two of the provinces under consideration, are home to the 
highest proportion of the poor in the labor force (72% and 74.6%, respectively) 
(AUSAID 2004). It should be pointed out that initially it is likely that seawater 
desalination projects in Vietnam will be mostly proposed and carried out by foreign 
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Fig. 21.6 Net wind resources (wind velocity available minus velocity demanded to supply water 
production over 17.3 km2) in Kien Giang
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companies, who possess more skill and experience than companies in Vietnam even 
at the national level. It has been cautioned that only small scale plants (less than 
1,000 m3 per day) have a good chance of being approved by the government 
(SunLift 2001). This last note should be considered with caution as it could quench 
any ambitious plan to gain entry into the desalination market of Vietnam and jump 
start the industry.

Just as in the US, poverty in Vietnam often follows racial and ethnic lines.  
The Khmer appears to make up the majority of the poor/landless in the Mekong 
Delta or at least their rate of escaping poverty is much lower than the Vietnamese and 
Chinese. When it comes to clean water and environmental sanitation the percentage 
of Khmer households accessing sources of clean water is lower than that of the other 
less isolated, richer ethnic groups (AUSAID 2004). Based on the spatial distribution 
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Fig. 21.7 Net wind resources (wind velocity available minus velocity demanded to supply water 
production over 17.3 km2) in Soc Trang
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of ethnic communities in the Mekong Delta, decentralized WPD has potential to 
address this under-served group. Less vulnerability to poverty leads to a lower rate 
of internal migration, which is a compounding problem for rural development and 
poverty reduction policies (Phuong et al. 2008). These are only among the most 
obvious benefits that WPD projects can directly bring to the poor in this region.

WPD also holds promise to reduce the water-related conflicts in the region, 
where conflict is understood as interest incompatibility or livelihood loss among 
various water users as a result of access to water of inadequate quantity and quality 
(Dang et al. 2007). As aqua-farming and agriculture are dominant among Mekong 
rural livelihoods, there is a potential for water conflicts between rice and shrimp 
farmers and between upstream and downstream users. The water conflicts relate to 
intensive water abstraction for rice farming in the upper delta, effluent discharges 
from aquaculture farming, acidity and metals released from land reclamation in 
acid sulfate soil zones, and water competition among crop culture, shrimp farming, 
mangrove forests, and fishing in coastal zones. An injection of clean water supply 
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Fig. 21.8 Net wind resources (wind velocity available minus velocity demanded to supply water 
production over 17.3 km2) in Tien Giang
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via desalination can clearly help to alleviate some of the tension in the existing 
interdependencies.

Within the defined region WPD can alleviate the consequences of hitherto unsus-
tainable practices by providing water in a non-carbon-intensive and environmental-
friendly way. The material input to generate electricity from wind emits about 
10 t of CO

2
 per GWh while that of coal is between 830 and 920 t per GWh on a 

life cycle basis (Akermann and Soder 2002). Decentralized desalination is totally 
devoid of large-scale waterway construction that has changed the ecosystem in 
massive and not necessarily sustainable ways (Kakonen 2008) and relatively 
unaffected by dissolved contamination in local channel and groundwater (Pretty 
2008; Dang et al. 2007) since the feedstock is seawater. Coupled with the above 
social benefits wind-powered desalination also satisfies the criteria of agricultural 
sustainability as outlined by Pretty (2008). In light of these potential contributions 
WPD targets many important sustainable development indicators for Vietnam 
(Dinh et al. 2006) and therefore is worth being considered among poverty-reduction 
strategies.
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Fig. 21.9 Net wind resources (wind velocity available minus velocity demanded to supply water 
production over 17.3 km2) in Tra Vinh
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21.5.2  Technical Considerations of Wind Power for Desalination

The chapter considers off-grid medium- to small-scale reverse osmosis desalination 
run with electricity and/or mechanical energy provided by small wind turbines. 
Before the design stage can start, the quality of seawater input should be assessed 
(SunLift 2001; Kalogirou 2005). As energy demand increases linearly at a rate of 
more than 1 kWh/m3 per 10,000 ppm and likewise for high salinity concentration, 
the quality of seawater in the region governs the suitability of such projects (SunLift 
2001; Dore 2005). As the system design under consideration is for remote rural 
communities there is less concern about pollution within the river channels and 
openings to the sea where the water feed will most likely be collected (SunLift 
2001). However, it is important to point out that salinity intrusion and brine dis-
charge might concern the proximity of the catchment for such systems and the local 
biota (Einav et al. 2002; Laspidou et al. 2010).

Membranes play a very important role in determining the cost and lifetime  
of the system, the final quality of the product (water), and the eco-friendliness  
of the plant (Einav et al. 2002; Avlonitis et al. 2003). Membranes separate water of 
varying concentrations under high pressure and come into contact with solutes of 
different chemical and biological properties; hence maintenance of desalination 
plants very often consists mainly of the cleaning and replacement of membranes. 
Cleaning of membranes occurs three to four times a year and replacement every 
5–6 years since discharged brines are at least twice as concentrated in substances 
as sea water (Einav et al. 2002; Blank et al. 2007). Although membrane costs 
have been reduced by a factor of 10 during the last 30 years, pretreatment of the 
feed water, which affects the lifetime of the membranes, and replacement cost are 
still the most expensive items in the membrane system (Blank et al. 2007; 
Karagiannis and Soldatos 2008). Avlonitis et al. recommended effective pretreat-
ment of the feed water to maximize the efficiency of the process and lengthen 
membrane life by minimizing scaling formation, fouling deposition, and mem-
brane degradation (2003).

Wind energy is a highly variable energy source in terms of both velocity and 
frequency. When wind energy is used for electricity generation the variation of the 
wind source can be balanced by the addition of battery banks, which are charged 
when wind is available and discharged to the load (desalination plant) when 
required. In the case of mechanical energy production from wind, the desalination 
plant can operate only when there is wind. If so the desalination plant is usually 
oversized with respect to water demand, and instead of storing the energy, the water 
produced when wind is available is stored. This same methodology can also be used 
in the case of electrical generation from wind when used for desalination. Thus, a 
water reservoir is used in place of a battery to reduce system complexity and costs. 
As discussed previously the wind turbine size can also be minimized by including 
energy recovery technologies in the system. The omission of energy recovery calls 
for a trade off between lower energy consumption and up-front investment 
(Fritzmann et al. 2007; García-Rodríguez 2004).
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One concept that has gained attention recently is the use of a modular desalination 
system as a deferrable load in order to increase the wind penetration potential in a 
wind-diesel mini-grid. The modules of the desalination unit would be brought 
on-line as power from the wind became available to increase utilization of available 
wind power, decreasing the amount of excess output which must be “dumped” and 
reducing the amount of diesel run-time, and to allow the hybrid system to operate 
optimal loads. RO is particularly suited for such systems, because RO is a modular 
technology, with typical installations containing several RO membrane/pump 
modules. However, the only operational system that could be identified by a litera-
ture search is located at Fuerteventura in the Canary Islands (Carta et al. 2003; 
Thomas 1997). This is because the system is still in the process of being optimized 
(Thomas 1997) in connection to a variable power system. For instance, the reverse 
osmosis system has to cope with the sensitivity of the membranes regarding fouling, 
scaling, as well as unpredictable phenomena due to start–stop cycles and partial 
load operation during periods of oscillating power supply (Kalogirou 2005).

The sizing of a WPD system to the demand is also a very important aspect of 
system design. The absence of a less than random distribution for the population 
density made it impossible to arrive at a typical size for a desalination system in the 
coastal Mekong Delta region. Sizing a desalination plant depends on multiple 
criteria, with one of the primary variables being the geographical conflicts with 
local trade network and tourism. Moreover as there is but one desalination plant in 
the region (Tuas, Singapore) and wind desalination is still relatively new there was 
a lack of local experience and comparison to draw from for estimations made here. 
Finally since this does not require utility scale wind farms for generation or aim 
at urban centers, no such constraint outlined by Nguyen (2007b) will have to be 
considered.

21.5.3  Financial Estimates

The reported price of RO systems varies widely because: (1) a large number of RO 
systems specialized are for various applications, (2) the cost of pretreatment varies 
depending upon the feed water quality, (3) the energy price, which is one of the 
main parameters for cost evaluation (Avlonitis et al. 2003; Blank et al. 2007), is 
volatile on its own, let alone the prices of renewable energies, (4) different assump-
tions and calculations by different researchers (Blank et al. 2007; Karagiannis and 
Soldatos 2008), and (5) geography makes a plant different from another at a differ-
ent location.

Karagiannis and Soldatos provide the most updated and detailed analysis of the 
cost of desalinated water (2008). Most relevant to the case study in this chapter, a sea-
water desalination plant of capacity between 1,000 and 5,000 m3 per day costs between 
0.68 and 3.78 US$/m3. If that uses wind energy, each cubic meter costs between 1.2 
and 6 US$. Using RO each cubic meter costs between 0.68 and 1.66 US$.  
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Any smaller size will result in socially unacceptable price (Blank et al. 2007) and 
be prohibitive for energy recovery, the concept of which is to lower energy con-
sumption and hence lower cost in the first place (Avlonitis et al. 2003). However, 
any larger size will not be appropriate to the rural communities of interest. In addition, 
including energy and water production in one complex and ruling out the use of 
pipes offer the least expensive compromise between sustainable development, 
economic evaluation, and innovation (Karagiannis and Soldatos 2008; Blank et al. 
2007; Pang 2006; Zejli et al. 2002). The unseen benefit, which is the avoidance of 
piping, grid involvement, and access to off-grid electricity is challenging to quantify, 
but should be appreciated.

Another value-added benefit, which has only been partially employed elsewhere 
(Einav et al. 2002), is the opportunity to direct the discharged brines to salt produc-
tion instead of treating it as waste and discharging it into the sea. Since brine dis-
charge is the biggest problem for desalination plants (Einav et al. 2002; Laspidou 
et al. 2010), this option presents an advantage to the additional reprocessing of the 
brines through the membranes, thereby increasing the salinity of the discharged 
water. Surrounding communities receive additional employment and generate an 
additional commodity, which is salt to be used not only in daily life and in local 
food industries but also for export.

The importance and advantage of economies of scale should not be ignored. 
A more detailed analysis of the costs for WPD RO systems has been made where 
considerations of economy of scale have been taken into account (Nguyen and 
Pearce 2009). It should be noted that the per capita usage being considered is only 
60 l for individual needs, which effectively limits an equally important need of 
water for agriculture. Technically, the plant size can be larger, if the availability 
of wind power allows it. Water can be continuously treated, stored, and with much 
larger systems other means of water transportation can be arranged by use of the 
extensive canal system in the Mekong Delta. However, this approach may not be 
appropriate particularly in the short term as the benefits of decentralization to 
poverty reduction and local sustainable autonomy might not be achieved. Future 
work is necessary to evaluate the economics of an optimized WPD system in the 
Mekong Delta.

21.5.4  Limitations and Future Work

The main limitation of the study is that it was based on numerical simulations, 
without testing at a local (pilot) system and thus experimental wind and output data. 
Without a regional plant within range capacity it is hard to draw more conclusions 
from previous studies that are site-specific. In the absence of a pilot system a 
bottom-up estimation using population density as the indicator of demand was the 
best approach available. The coverage of wind desalination in the low elevation 
coastal zone of Mekong Delta also suffered from the lack of detailed land use or 
zoning maps. The availability of such a pilot plant with wind turbines and land use 
GIS data will allow a life cycle analysis to be carried out to more realistically assess 
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the feasibility of wind powered desalination, benefits, and negative effects (if any) 
of such projects in coastal Mekong. If smaller turbines are preferred in order to 
provide a distributed clean water system appropriate for the distributed rural popu-
lations, the power law exponent needs to be investigated further as additional wind 
speed measurements need to be taken as wind characteristics in Vietnam have only 
focused on 30 and 65 m heights (TrueWinds 2001, Nguyen 2007). Three popular 
techniques were introduced by Manwell et al. (2002) which could be investigated: 
(1) correlation of the power law exponent as a function of velocity and height,  
(2) correlation dependent on surface roughness, and (3) correlations based on both 
surface roughness and velocity.

Autonomous wind-powered desalination is only one potential solution. Hybrid 
systems of wind and bio-diesel could be implemented to take advantage of agricul-
tural waste in the region. Additional hybrid systems of wind and solar photovoltaic 
(PV) cells may better utilize the energy potential of the region. The cost of PV 
technology has been dropping quickly with scale up of the industry, and industrial 
symbiosis within the thin film PV manufacturing sector is predicted to aggressively 
reduce the cost of solar electricity (Pearce 2008). Work here could be expanded to 
include recent developments in the use of GIS to predict PV potential (Nguyen and 
Pearce 2010) for hybrid desalination systems. Thus, future work is needed to deter-
mine the optimal renewable energy mix for the region and if some form of small 
electrical storage is necessary to smooth out fluctuations for the RO system. Future 
work should also consider mechanical vapor compression (MVC). Although MVC 
consumes more energy than RO, it presents fewer problems due to the fluctuations 
of the energy resource. MVC systems also have an advantage in remote areas as 
they are more robust and need fewer skilled workers and fewer chemicals than RO 
systems. Although as noted above, this may detract from one of the educational and 
economic development benefits of RO systems. In addition, MVC do not need 
membrane replacements and in case of polluted waters, the distillation ensures the 
absence of micro-organisms and other pollutants in the product (Kalogirou 2005).

Although a detailed cost estimate for wind desalination was beyond the scope of 
this chapter, the economic viability is very dependent on both scale of the plant, the 
scale of the industry for both desalination and wind power in Vietnam, and govern-
ment policy. Wind desalination here was only presented as one technically viable 
option to provide clean water for the selected coastal Mekong provinces in Vietnam, 
which is but a subset to the much bigger problem of water governance in Vietnam. 
Where wind desalination is too expensive, a combination of options should be 
investigated including: (1) demand side management and conservation, (2) rainwater 
harvesting, and (3) less water-intensive crops and methods of irrigation.

21.6  Conclusions

The chapter considered the potential of off-grid medium- to small-scale reverse 
osmosis desalination systems powered by small wind turbines to provide safe 
drinking water to the residents of the Mekong Delta in Vietnam. The GIS-based 



396 Ha T. Nguyen and J.M. Pearce

numerical analysis revealed that in the absence of all other water supply facilities, 
off-grid wind-powered desalination could provide 5.4 million rural residents living 
in 18.9 thousand km2 (or 62% of the predicted 2010 rural population and 70% of 
the total area of the coastal provinces) with clean water at the rate of 60 l per capita 
per day. In the context of agricultural sustainability, it offers social, environmental, 
and technical improvements for the region and hence represents a decentralized and 
community-based method to adapt to and mitigate climate change.
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Abstract Over the past decades, the Mekong River Delta has become a strategic 
region for the socio-economic development of Vietnam. While the region is cur-
rently producing the majority of the exported products (mainly rice) of the country, 
the sustainability of its conventional production system is challenged. It is known 
that organic agricultural systems are more sustainable compared to conventional, 
chemical-based agricultural systems. Farmers growing crops organically not only 
can improve their soil fertility and structure with the result of stable yields and 
better product quality, but also sell their products at market prices plus premium. 
Organic agriculture also yields lower levels of green house gas emissions than 
conventional agriculture. To enhance sustainability and fight poverty, Helvetas, the 
Swiss Association for International Cooperation, in collaboration with residents 
of selected provinces of Tien Giang and Ben Tre and with Nong Lam University 
(NLU) in Ho Chi Minh City, has initiated an organic and fair trade cocoa program 
for a 5-year period. In that period of time, a total of 2,000 selected cocoa cum 
coconut farmers (men and women) in the two provinces of Tien Giang and Ben Tre 
are expected to produce certified organic and fair trade cocoa for the international 
market. For those purposes, the program is aimed to support all key aspects of the 
cocoa value chain: the development of appropriate techniques, the provision of 
training for farmers and fermenters, the guidance for qualifying and obtaining key 
certifications, and the linking of the farmers’ organizations to the market. In 2009, 
the first 22 pilot farms were converted to organic agriculture by adopting measures 
such as composting and the biocontrol of pests and diseases. The report of these 
first positive experiences has been used to convince other farmers to convert to 
organic cocoa. As a result, there are now 154 farmers in this area registered to grow 
cocoa organically.
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22.1  Introduction

Vietnam’s Mekong Delta, covering an area of some 40,000 km2, and home to some 
18 million people, has become a strategic region for the socio-economic develop-
ment of the country. It accounts for 50% of the nation’s total food production, 95% 
of the rice exports, 65% of the fisheries production, and 70% of the fruit production 
(Truong 2009). However, over the past decades, agricultural production in the Delta 
has used roughly a million tons of chemicals – mainly pesticides and fertilizers – a 
year (Chanh 2009). This has begun to have discernible negative impacts on local 
environments and adversely affect the sustainability of agricultural production in 
the region. The recent and recurrent outbreaks of rice brown plant hoppers are a 
typical consequence of the improper and sometimes futile use of pesticides. The 
improper use of agro-chemicals not only pollutes water resources but also soils. In 
general, a crop effectively uptakes only 30% of the total amount of fertilizers 
applied and the remaining 70% is either washed off or accumulated in the soil (Truc 
et al. 2006).

For developing the agricultural sector in a more sustainable manner the govern-
ment of Vietnam has made great efforts to encourage the application of more 
environmentally sound farming techniques. Since the early 1990s, with support 
from the international community, the government has promoted and successfully 
applied integrated pest management (IPM) techniques on rice, vegetables, and 
other crops in 61 provinces nationwide; 97% of the villages in the Mekong Delta 
have participated (Community IPM 2001). Recently, good agriculture practice 
(GAP) has been introduced in some crops such as rice, star apple, and pineapple; 
GAP in star apple production in Tien Giang Province is a typical example of this 
direction. At the same time, organic agriculture has begun to be practiced in 
Vietnam, and some 22 ha are now under organic production.

In this context, Helvetas Vietnam, the Swiss organization for international 
cooperation, which has substantial experience in rural development in Vietnam, 
sees the combination of organic farming and fair trade approaches as a key strategy 
for poverty alleviation and sustainable natural resources management in the country. 
It has initiated an organic cocoa production project with the development of this 
strategy in mind. This project is based on the two-fold premise that organic agricul-
ture can help smallholding farmers improve their income and that cocoa is a new 
crop in Vietnam, thus making it easier to introduce organic farming techniques and 
to set up a value chain for organic cocoa products at the same time.

In organic agricultural production, small scale farmers are enabled to have better 
opportunities to access agricultural value chains and stable markets with premium 
prices (FAO 2005, 2007). Also, participation in this sector will enable small scale 
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farmers to become less dependent on chemical inputs that become expensive when 
factoring in the high transportation costs for these items to reach rural areas and the 
higher unit costs for small volumes (IFAD 2003; United Nations 2008).

Cocoa has successfully been introduced to Vietnam since 2000 after several 
failures in the past. At present, cocoa is a new crop in Vietnam that is experiencing 
a steady increase in planting area and productivity. By 2009, the total area under 
cocoa cultivation was about 12,000 ha, a 19% increase over 2008. The total produc-
tivity of some 1,500 tons of dried cocoa beans accounted for a very tiny fraction of 
the world cocoa productivity of some 3.8 million tons in 2009. However, with 
favorable climatic conditions and diligent farmers it is believed that cocoa will 
provide a good opportunity for income generation for smallholding farmers.

Based on those strong foundations, a 5-year program for the development of 
organic and fair trade cocoa in Vietnam has been developed by Helvetas Vietnam, 
with funding from several international donors including SECO, Rabobank, and 
Helvetas. This program aims to increase the living standards of the rural population 
in the southern regions of Vietnam by way of improved social, economic, and envi-
ronmental conditions related to agriculture (Helvetas 2008b). The project is to be 
implemented through a multi-stake-holder approach: participants and supporters 
include the private sector (Ritter Sport, Cargill), farmers’ organizations, and local 
public institutions (Nong Lam University in Ho Chi Minh City, Ben Tre Province 
through the Department of Agriculture and Rural Development, and Tien Giang 
Province through the Department of Science and Technology).

This paper aims to present the rationales for the program interventions and an 
analysis of preliminary results of the program; though the project is still in the early 
stages of development, information about its origins and first stage may serve as a 
useful source of information for any organic initiatives that are planned for the 
Mekong Delta in the future, as well as for projects that seek to develop niche 
organic products in Southeast Asia.1

22.2  Description of Program Rationales for Promoting 
Organic Agriculture in the Mekong Delta

The world organic agriculture sector increased substantially in recent decades 
(United Nations 2008). Generally speaking, organic agriculture is an agricultural 
production system that sustains the health of soils, ecosystems, and people by com-
bining site-appropriate traditional farming techniques and scientific innovations 
that rely on non-chemical inputs and ecologically sustainable techniques such as 
crop rotation, green manure, compost, and biological pest control (UNEP-UNCTAD 
CBTF 2009). Chemical substances are mostly prohibited in organic production 
systems, and inorganic fertilizers are replaced with organic nutrient management 

1See Chap. 23.
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practices such as crop rotation and the use of compost, mulches, green fertilizers, 
and nitrogen fixation crops. This is done in order to conserve and raise the level of 
organic material and fertility in the soil (Conseuga 2003). In fact, unlike conven-
tional systems, organic production does not focus on the agro-products per se but 
rather on the whole system employed to produce and deliver the product to the end 
user (FAO 2005). It should be noted that not all agriculture systems without external 
inputs can be considered as organic agriculture according to international organic 
standards. This is because purchased inputs such as mineral fertilizers or synthetic 
pesticides are not used in some agriculture systems simply because the farmers 
cannot afford them and not because of a commitment to organic methods; in these 
cases, the consequence is often low and declining productivity and eventually envi-
ronmental degradation (FAO 2005).

With the principles for successful promotion of organic cocoa in the Mekong 
Delta provinces of Tien Giang and Ben Tre in place, the program has identified five 
key areas to intervene: the development of site-appropriate organic cocoa farming 
techniques; the provision of training for local cocoa farmers; training in the neces-
sary steps needed to obtain organic certification; the marketing of organic cocoa; 
and enabling in general a friendly policy for organic agriculture.

22.2.1  Development of Organic Farming Techniques Suited  
to Local Conditions

Helvetas has identified the development of site-appropriate organic farming tech-
niques as the first and foremost important intervention for promoting organic pro-
duction in the Mekong Delta. International experience in organic farming promotion 
has demonstrated that it is difficult to develop a one-size-fits-all organic farming 
model. The principles of organic agriculture serve only as guidelines for organic 
practitioners to formulate organic farming practices suited to individual farming 
locations and specific social, technical, and climatic conditions of these sites (IFAD 
2005; CSIRO 2006). Therefore, before designing and implementing the program, 
Helvetas conducted a feasibility study on promoting organic cocoa to identify the 
most suitable regions, and perhaps more importantly understand the opportunities 
and challenges the program might likely face. The study revealed that Tien Giang 
and Ben Tre Provinces are the most suitable areas for the program, because of the 
low input requirements of local cocoa–coconut farming systems, the availability of 
manure and green materials for compost making, and a high level of commitment 
from local authorities (Helvetas 2008a).

For conducting experiments to define organic farming techniques suited to local 
conditions, Helvetas has collaborated with the Nong Lam University to conduct 
studies on the management of cocoa pests and diseases and nutrient management 
using compost made from local resources. Instead of using agro-chemicals to 
 control pests and disease, Helvetas has directed local farmers to use weaver and 
black ants to control cocoa mirids and to apply cultural methods such as canopy 



40322 Promotion of Organic Cocoa in Mixed Farming System in the Mekong Delta Region

management to manage cocoa black pod disease (Phytophtora palmivora). At the 
same time, with the support of the program, local farmers have used locally available 
resources such as cow dung, water hyacinths, and coconut husks to make compost 
to fertilize their cocoa instead of using NPK inorganic fertilizers. The research 
activities to formulate site-appropriate organic farming techniques have not been one 
off, but rather on-going. Helvetas acknowledges the need for several years of trials 
to define organic farming practices that are technically, socio-culturally, and eco-
nomically suited to local conditions. This is practically accepted in the sense that it 
usually takes time for local farmers to test and learn newly introduced farming 
 technologies (IFAD 2005). It would therefore be desirable to promote organic 
 agriculture to a local area gradually, at least during the initial years (IFAD 2003).

22.2.2  Provision of Training to Farmers and Other Value  
Chain Actors

Helvetas has prioritized training activities to make sure local authorities and local 
farmers have a sound understanding of organic requirements and principles. This is 
because organic agriculture as it is practiced according to international standards is 
new to Vietnam. Also, Helvetas needs to make sure that participating farmers fully 
understand the benefits of organic agriculture and not just the requirements and 
standards of organic agriculture. International experience shows that the likelihood 
of success in organic production is greater if farmers are highly motivated, by 
recognition of ongoing economic advantages and also by health and environmental 
concerns (IFAD 2003).

For the purpose of training, once the organic cocoa farming techniques are 
developed and defined by the research team, local cocoa farmers and local extension 
service providers will be trained in those techniques. The training activities of the 
program will be accomplished using farmer to farmer extension approaches, where 
key farmers will be selected and trained to become farmer trainers. These farmer 
trainers will train their fellow farmers. It has been proven that these approaches will 
be more cost-effective in general and more sustainable after the program ends 
because local people are still in their community to act as a local resource and 
continue the work.

22.2.3  Organic Certification

For organic cocoa to be recognized in the international market, the cocoa produced 
in the program area must be certified by internationally recognized organizations. 
Certification provides confidence to buyers that an organic product has been pro-
duced and processed in accordance with international organic requirements and 
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standards. Certification also enables small scale farmers to benefit from premium 
prices (FAO 2007). Organic certification systems were developed in the early 
1970s; and today 70 countries have domestic certification organizations, and a 
dozen internationally active organizations offer organic certification services in 
virtually all countries in the world (United Nations 2008).

In the Mekong Delta, organic certification has not been accomplished before, 
and thus certification is also a key program intervention for Helvetas. International 
experience shows farmer organizations play a key role in organic production, as 
working in groups enable individual farmers to take advantage of collective market-
ing, the management of larger volumes, and perhaps most importantly, to accom-
plish increased efficiency in negotiating and implementing contracts with buyers 
and suppliers (IFAD 2003).

Farmer groups also provide mechanisms for setting up and running internal 
control systems to ensure the full compliance to organic regulations by participat-
ing farmers. Fraud can be a big challenge to small-farmer organizations producing 
organic products; group members may be tempted to obtain premium prices with-
out complying fully with organic methods of production (IFAD 2003). Group 
certification is equally important, as it will reduce the cost of certification per 
farmer. Organizing farmers for this purpose is crucial, as it is financially impos-
sible for small scale Mekong farmers to individually achieve certification. Since 
farmers in the Mekong Delta operate on a small scale and are not very well orga-
nized in the first place, they need to group themselves in organizations to maxi-
mize their advantage in developing organic cocoa production. The program needs 
to have a minimum number of farmers participating in the first place in order to 
cover the costs associated with organic certification (IFAD 2003; FAO 2005). 
Also, from the marketing perspective, local farmers need to have a minimum vol-
ume of organic products for a buying company to set up a buying system. For the 
program to thrive, Helvetas needs to motivate at least 2,000 small scale farmers to 
convert to organic cocoa.

22.2.4  Marketing Support

Over the past decade the worldwide organic trade has experienced substantial 
growth (FAO 2007). For Mekong cocoa growers, the development of stable markets 
for organic agro-products is crucial if organic agriculture is to be successfully pro-
moted. For this purpose, organic agriculture developers need to prioritize marketing 
activities to introduce the organic products from the Mekong Delta to international 
buyers. This can be achieved by participation in international fairs or other market-
ing means.

Also, for the program intervention to be sustained, farmer organizations need to 
build up their capacities in marketing and contract negotiation to ensure that farmer 
groups are enabled to have sufficient bargaining power in negotiating with buyers 
during the program life and long afterward. International experience indicates that 
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capacity-building at the farmer level (local farmers associations, local training, and 
advisory services) should be a central aspect of any strategy aimed at using organic 
agriculture as a tool for poverty alleviation (IFAD 2005). Also, the marketing of 
organic products through farmer organizations with direct contacts with buyers is a 
key to obtaining better prices (IFAD 2003). It may be too ambitious to turn a farmer 
into a trader; however, a network of organizations can also improve bargaining 
power and substantially lower transaction costs (IFAD 2005).

22.2.5  Enabling Policy for Organic Agriculture

As with other development initiatives, for the effectiveness and sustainability of 
organic program interventions, an enabling policy environment plays a pivotal role 
in promoting organic agriculture in the target area. International experience reveals 
that for developing countries, an enabling environment is required to support insti-
tutional development and to set up norms and standards to create favorable condi-
tions for organic agriculture and markets to grow (FAO 2007). Equally important, 
enabling national laws and regulations will help reduce certification costs, either by 
stimulating foreign certification bodies to open local offices or by supporting the 
development of local service providers (United Nations 2008; IFAD 2003).

22.3  Analysis of Program Preliminary Results

To successfully promote organic agriculture in the Mekong region, Helvetas has 
prioritized the development of organic cocoa farming techniques which technically, 
socially, and economically are suited to local conditions. They have done this with 
research and on-farm demonstrations. Helvetas has collaborated with NLU to 
conduct a number of studies on the management of cocoa pests and diseases and 
on compost making, and also with provincial partners to implement on-farm 
demonstration plots to introduce and test organic farming. For the effective imple-
mentation of on-farm demonstration, Helvetas is working with three partners: 
NLU, the Department of Agriculture and Rural Development (DARD) in Ben Tre 
Province, and the Department of Science and Technology (DOST) in Tien Giang 
Province. Meetings with these collaborators were held to reach consensus on 
criteria for demonstration holder selection and to identify locations for demonstra-
tion plots and procedures for demonstration implementation.

As a result, 22 cocoa farmers have been selected for managing demonstration 
sites: ten in Ben Tre Province and twelve in Tien Giang Province. On the average, 
each demonstration site holder has 300 cocoa trees intercropped with mature coco-
nuts. Nearly half of them practice animal husbandry and have cows or pigs. For the 
successful implementation of the demonstration plots, the demonstration holders 
were trained in compost-making and in the management of pests and diseases with 
organic methods. The introduction of organic farming techniques to local farmers 
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is formulated and evaluated using three major factors: technical feasibility, social 
acceptance, and economic viability.

22.3.1  Technical Feasibility

For the effective management of cocoa black pod disease (Phytophthora 
Palmivora), the Trichoderma fungus was tested. Trichoderma is a fungus antago-
nistic against the cocoa black pod disease-causing fungus. With a significant pres-
ence, this antagonistic fungus can suppress plant pathogens. Trichoderma 
specimens have been isolated from cocoa gardens in the program area, multiplied 
in the NLU laboratory, and tested in the demonstration plots. Trichoderma have 
then been sprayed on cocoa trees to test against the disease. However, the effec-
tiveness of Trichoderma against the black pod disease has not yet been clear, as it 
may take more time for Trichoderma populations to build up to a level that can 
sufficiently defeat the pathogen causing the disease. In the meantime, since fungi-
cides are prohibited in organic production, the conversion process should be 
started at the beginning of the dry season (November) when the threat of black-
pod disease is lower.

Experimentations by NLU technicians and on-farm demonstration activities 
also reveal that effective management of cocoa mirids is crucial in the successful 
conversion to organic production. In farms with a low weaver ant population, the 
level of damage by this pest is very significant. Experience shows that rearing 
weaver ants during the rainy season is very difficult and therefore it is highly rec-
ommended that the conversion should be started during November at the outset of 
the dry season.

Investigators have also learned from an analysis of compost samples from the 
demonstration farms that for 1 kg of dried beans, farmers need to apply about 15 kg 
of finished compost during the first 3 years after conversion. After a few years of 
organic practices and once the soil acquires balance and microbiological and nutri-
ent richness, the amount of compost applied can be expected to be much lower. In 
the first years of conversion, local farmers may find it challenging to collect and 
chop sufficient amounts of green materials for compost making. One option for 
overcoming this challenge is to introduce nitrogen-fixing crops that are suitable 
for shade conditions in the cocoa gardens and that are intercropped with coconuts 
in the program areas. International experience shows that the use of purchased 
organic matter, organic nutrient sprays, and green manure in combination with 
traditional techniques such as crop residues and compost can solve the problem of 
insufficient nutrients for crops when converting to organic production.

This is important because yield capacity depends partly on the application of 
organic fertilizers in qualities and quantities that compensate for nutrients 
extracted by crops (IFAD 2003). Another solution is to select the most suitable 
time to start conversion. For the ease of compost-making, the program experi-
ence shows that the conversion should be started at the beginning of the dry 
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season (November) when cocoa husk is abundantly available and activities such 
as material collection, chopping, and compost piling are easier. If compost mak-
ing is started in November, the converting farmers will have sufficient finished 
compost to fertilize their cocoa once the rainy season comes (usually at begin-
ning of April of the following year). In addition, the demonstrations also 
revealed that without animal of their own to supply manure, local farmers may 
face financial difficulties in buying manure such as cow dung for compost mak-
ing once the financial support from the program is no longer provided. Therefore, 
organic cocoa should be initiated with farmers for whom cattle or pigs are part 
of their farm operations.

22.3.2  Economic Viability

As with any rural development and poverty reduction effort, cost-benefit analy-
sis is one of the prioritized program activities; however, due to time constraints 
the Helvetas program has not yet done this systematically. In principle, once 
they are converted to organic production organic farms will have lower, equal to, 
or higher yields compared to conventional farms; depending on farm conditions, 
the knowledge and skills of the farmers, and the extent to which synthetic inputs 
were used before conversion (FAO 2005; IFAD 2003; Conseuga 2003). This last 
point is clearly illustrated in the context of this program. The preliminary results 
indicate that farmers can gain similar yields as they accomplished before conver-
sion if manures had been used predominantly to enrich soil before conversion, 
but lower yields are found on the farms which had used a lot of inorganic fertil-
izers before conversion.

At this point, the lack of sound understanding about the implications of organic 
agriculture for food production and food security in Vietnam makes it impossible 
to fully evaluate its importance (Conseuga 2003; FAO 2005). Meaningful com-
parisons of the performance of organic and conventional agriculture systems need 
to be conducted over a long period of time; farmers may experience a decline in 
yields after converting to organic production, and then experience a significant 
yield increase after the agro-ecosystem is restored and organic management systems 
are fully implemented (FAO 2005; IFAD 2005).

Moreover, it may not be easy to evaluate the benefits of organic agriculture from 
environmental and health perspectives. Organic production can help to mitigate 
the environmental pollution associated with animal husbandry. Also, using water 
hyacinth for compost-making may help local authorities save hundreds of millions 
VND otherwise expended to clear local canals of this invasive species. In addition, 
organic agriculture can help to reduce the exposure of famers to agro-chemicals and 
contribute to better health. According to a United Nations study (2008), organic 
production can help prevent the recurrence of the estimated 3 million cases of acute 
severe pesticide poisoning and 300,000 deaths that result from agrochemical use in 
conventional agriculture every year worldwide.
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22.3.3  Social Acceptance

The program has also learned that gender issues and social networking via group 
formation needs to be taken into consideration for successfully promoting organic 
production in the Delta. As with other rural development activities gender issues 
play an important role in the promotion of organic agriculture. This is because the 
conversion of a farm to organic practices influences all facets of farm operation, 
including labor demand, social structures, and decision-making processes (FAO 
2005). Once joining the organic program, the farm owner needs to convert his 
whole farm to organic farming, and not just the target crop. Both wife and husband 
need to fully understand and comply with the organic principles, and both need to 
avoid the use of inorganic fertilizers on their crops. Women can also be actively 
involved in the process of compost-making as well as in cocoa pod harvesting 
(Helvetas 2010).

Moreover, the experience gained until now has proven the importance of social 
networking and of peer monitoring and motivation-building by famers. One of the 
initial 22 demonstration farmers, for example, attempted to use inorganic fertiliz-
ers. The unusual performance of his cocoa crop (very big cocoa leaves) drew the 
attention of group members, and after several meetings for discussion the farmer 
had to admit to his peers that he had introduced inorganic materials to his farm and 
promise not to do that again. Group motivation to comply with organic require-
ments and regulations is higher than individual motivation. Organic production is 
more labor-intensive than conventional production, since organic farmers need to 
spend more time making and applying compost. In recent months, some farmers 
have felt discouraged by the effort needed to make sufficient recommended com-
post. However, with the support of group members, they have successfully contin-
ued the recommended organic farming techniques such as compost-making and 
weaver ant rearing.

22.3.4  Stable Markets for Organic Products

The program has learned that for promoting organic production in the region, the 
development of a stable market for locally produced organic products is a key 
factor. In the beginning, Helvetas made it clear to local farmers at the outset that 
they would be able to connect farmers through organic production to stable market 
conditions. Local farmers have had bitter experiences with bumper crops and con-
sequent lower market prices and other fluctuating and uncertain market conditions, 
and providing them with the assurance of more market security is an important 
incentive to converting to organic production. When designing the program, Helvetas 
identified potential buyers of organic cocoa such as Ritter Sports and Cargill. 
Recently, Helvetas has signed a purchasing agreement with Cargill Vietnam to buy 
conversion cocoa, beginning December 1, 2009. Without some market security, 
local authorities as well as local farmers are reluctant to join the program.
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22.3.5  Sound Understanding of Organic Agriculture by Local 
Authorities and Farmers

Over the course of the program, the importance of a sound understanding of organic 
agriculture principles and practices by all stakeholders has been demonstrated. To 
ensure common understandings of organic cocoa and organic certification proce-
dures as well as of the requirements and standards of organic production, the pro-
gram has contracted a service provider to organize a 2-day training workshop on 
organic cocoa production for key program stakeholders. However, due to ineffec-
tive course delivery, local partners and cocoa farmers did not fully understand the 
principles and requirements of organic cocoa growing. Consequently, their negative 
and passive attitudes about organic cocoa production have hindered the program’s 
progress and expansion in some localities, particularly in Ben Tre Province. As 
with other development initiatives, all program stakeholders must fully understand 
the principles and the requirements of organic agriculture. International experience 
shows that for the successful promotion of organic production, local authorities 
need to understand the long-term benefit of organic agriculture with due consider-
ation of the pros and cons thereof (IFAD 2003; CSIRO 2006).

22.4  Conclusion

Until recently, the program has made great efforts to accomplish numerous activi-
ties, making good progress toward the achievements of its goals. Generally speak-
ing, after 1 year of conversion, organic cocoa appears to be technically feasible in 
the sites where it has been tried. Farmers have been able to apply recommended 
organic cocoa farming techniques such as composting and using ants to control 
cocoa mirids instead of using agrochemicals. The yields of the conversion farms 
vary depending on the farming techniques practiced before conversions and the 
farmers’ ability to make compost during the conversion period. More importantly, 
the benefits of using compost compared to NPK fertilizers have been acknowledged 
by the demonstration farmers. Applications of compost help the cocoa tree better 
cope with drought and saline conditions. Also, at the start of the conversion, partici-
pating farmers were worried about a significant reduction in coconut productivity. 
The reality, however, proves otherwise. If farmers have been able to use compost as 
recommended, coconut productivity has been even higher than before.

Moreover, the program has learned that key factors for successfully promoting 
organic agriculture in the Mekong Delta include, but are not limited to: the sound 
understanding of local authorities about organic agriculture in order to motivate 
local farmers to join the program; the development of site-appropriate organic 
farming techniques; farmer organization for peer monitoring and motivation; the 
development of stable markets for locally produced organic products; and the 
important roles of women in organic cocoa production.
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More specifically, the program has learned that the most suitable time for 
 conversion to organic cocoa production is from November to January of the follow-
ing year because of the abundant availability of local materials and favorable condi-
tions for compost-making, lower damage by the black pod disease, and favorable 
conditions for building up weaver ant populations. In the years to come, the pro-
gram should give attention to local cocoa farmers who are also practicing animal 
husbandry to join the program as the likelihood of successful conversion for these 
farmers is higher. For a successful cost-benefit analysis, the program needs more 
time to collect information. It should at the same time be kept in mind that organic 
practitioners need to encourage local authorities as well as local farmers to under-
stand that the meaningful comparisons between organic systems and conventional 
ones will require an effort and a commitment over a long period of time.
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Abstract This chapter examines the process of market integration and its impact 
on farmer livelihoods and the environment and agriculture of northeastern Thailand. 
Using an anthropological approach and fieldwork conducted in the northeast  
of Thailand during 2008–2009, the chapter shows the way in which northeastern 
Thai farmers have integrated their practices into the ethical niche markets of fair 
trade and organic food. This chapter also illustrates the impacts of the buyer-driven 
food chains on social–nature relations in the northeast of Thailand and the changes 
that have occurred as a result. Competition in the organic trade market depends 
significantly on the capacity of farmers to comply with international regulations, so 
this paper will also focus on the distinctiveness of socio-economic and ecological 
conditions in northeastern Thailand, especially those which have contributed con-
siderably to competition in fair trade products and organic rice commodities.

The chapter argues that conversion to organic agriculture is a strategy employed 
by northeastern Thai farmers in northeastern Thailand to cope with the problems of 
environmental deterioration and increasing production costs, yet the emergence of 
niche markets has brought both opportunities and challenges. The farmers partici-
pating in these niche markets can maintain their farmland and gain benefits from 
the value-added production they engage in, but they confront difficulties related to 
intensive labor-use, tighter standards and controls, and increasing production costs. 
In addition, the emergence of niche markets in northeastern Thailand has been an 
uneven process, as the majority of farmers have been excluded from the rise of 
niche markets and have not been able to convert to organic agriculture because of 
a lack of technical knowledge and finances.

N. Taotawin (*) 
Department of Sociology and Anthropology, Faculty of Social Science,  
Chiang Mai University, Thailand 
e-mail: tnatedao@gmail.com

Chapter 23
The Transition from Conventional to Organic 
Rice Production in Northeastern Thailand: 
Prospect and Challenges

Natedao Taotawin 

M.A. Stewart and P.A. Coclanis (eds.), Environmental Change and Agricultural 
Sustainability in the Mekong Delta, Advances in Global Change Research 45,
DOI 10.1007/978-94-007-0934-8_23, © Springer Science+Business Media B.V. 2011



412 N. Taotawin

23.1  Emergence of Export-Oriented Organic Rice Production 
in the Northeast of Thailand

The world rice market is an unstable commodity market, in which the availability 
of supplies is uncertain and prices are highly variable. The pre-Green Revolution 
period, from 1950 to 1964, was characterized by high and stable prices. Then dur-
ing the Green Revolution period, from 1965 to 1981, when modern fertilizer-
responsive varieties were adopted in many countries, a period of high and unstable 
rice prices began. The immediate post-Green Revolution period, from 1982 to 
1984, then marked a short transition to low and stable prices (Dawe 2002).

For the most of the twentieth century and since, the major rice exporters in 
the world have been the nations of mainland Southeast Asia, including Thailand, 
Burma, Cambodia, and southern Vietnam. Because a large share of their produc-
tion is exported to world markets, these countries have needed to be commercially 
oriented and participate actively in the world market as reliable rice suppliers. 
Not only is rice an important share of the economy for these countries, but it is also 
a key source of foreign exchange earnings and government revenue. In Thailand, 
taxes on rice exports consistently accounted for more than 10% of all government 
revenue in the period from 1950 to 1965, and the share occasionally reached 
more than 25%.

In 1957 Asian per capita production fell by 4%. Aggravating matters, production 
for the two major exporters, Burma and Thailand, dropped sharply. In 1965, the 
situation changed considerably, as rice exports from Burma decreased, and in 
Thailand, revenue from rice export taxes fell to just 6% of total government reve-
nues by 1967 and to just 1% by 1971, since the Thai Government was no longer so 
reliant on a stable domestic price. As a result, during the world price spike in 1967, 
Thailand raised its rice premium to a level more than double the previous high. 
Thailand’s rice exports fell to just 10% of domestic production between 1973 and 
1975, reaching their lowest point in the post-war period.

By the middle to late 1980s, the situation had changed considerably for the 
better, as Thailand’s commercial orientation had increased steadily, with exports 
typically accounting for 40% of domestic production. The presence of Thailand and 
Vietnam as commercially oriented rice exporters was a major factor in stabilizing 
the world market in 1998; Thailand was by this time much more commercially 
oriented compared to the mid-1970s. Between 1961 and 1993, world trade fluctu-
ated between 3.5% and 5% in terms of world production. Since 1994; however, this 
fluctuation has exceeded 5% every single year, and the share traded has averaged 
6.1% (Dawe 2002).

There was a downward trend in the volume and value of non-organic rice exports 
after the 1970s. However, the importance of the agricultural sector to the Thai 
economy had not diminished, as a large proportion of the population still worked 
within the agricultural sector, so the sector had the capacity to absorb surplus labor 
in rural areas. The presence of neo-liberal economic policies in Thailand by the 
1980s affected competition on the world markets within the agricultural sector, 
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and as a result, some scholars suggested that the Thai Government should adopt an 
agricultural restructuring policy, focusing on a shift to the production of high-value 
food products (Siamwala 1989).

The adoption of an agricultural restructuring policy by the Thai Government 
during the late 1990s, one focused on high-value food production, was an attempt 
to enhance the competitiveness of the Thai agricultural sector within a neoliberal 
context (Manarangsan and Suwanjindar 1992). Within this move, the conversion to 
organic agriculture reflected an attempt on the part of the Thai Government to shift 
to high-value food production (Department of Agricultural Extension 2004). Since 
then, organic agriculture for export has been promoted by government bodies as a 
weapon to be used to eradicate rural poverty, improve the nation’s economy, and 
create food security and environmental sustainability.1

In 2008, the planted area of organic crops was estimated to be approximately 
140,963 rai2 (2254.08 ha), of which 80% of the total planted area was used for 
organic agriculture. In Thailand, the Thai Government wanted to increase the area 
planted with organic crops by 40%, to reach 200,000 rai (33313.33 ha) by 2010 in 
order to meet the increased demand for organic food products on the world market. 
The small area planted in Thailand put it in 71st place out of 85 countries growing 
organic produce, earning only around one billion baht3 (US$28.57 million) in 
export revenue. The figure represented less than 0.1% of the total value of organic 
products around the world, estimated to be 1.3 trillion baht in 2006. World market 
demand for organic produce has been rising by 20% a year, especially in wealthy 
countries in Europe and North America and in Japan, and the major organic product 
exporters are Argentina, Mexico, Brazil, India, and China.

To capture this growing niche market, the Thai Ministry of Agriculture and 
Cooperatives allocated a budget of 1.7 billion baht (US$48.57 million) to 
improve organic plantations during the year 2005–2009. The fund was allocated 
to improve land, to support research and development initiatives, and to enhance 
marketing. The Ministry had allocated a budget of 354 million baht (US$10.11 
million) for a Mentor Program, in which selected experts were hired to advise 
farmers on organic farming. The 40 “mentor centers” set-up proved successful in 
disseminating information and advising farmers on the sufficiency economy and 
organic agriculture. By 2009, the Thai Ministry of Agriculture had established 130 
of these centers, with each one supporting at least 200 farmers, therefore, the 
Ministry had set a goal to turn around two million rai (51.20 thousand ha) of 
chemical-use land into organically farmed land.4

In particular, the Thai Government has implemented a policy to promote organic 
jasmine rice production. In 2000, it allocated a budget of 1.7 billion baht (US$4.86 

1 http://www.ldd.go.th/link_fertilizer/home.htm
2 6.25 rai is equivalent to 1 ha.
3 One US Dollar is equivalent to 35 Baht.
4 Bangkok Post Newspaper, Jan 9, 2008, http://www.biothai.org/cgi-bin/content/news/show.
pl?0518

http://www.ldd.go.th/link_fertilizer/home.htm
http://www.biothai.org/cgi-bin/content/news/show.pl?0518
http://www.biothai.org/cgi-bin/content/news/show.pl?0518
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million) to increase the areas used for organic jasmine rice production to 120 billion 
tons. The Ministry of Agriculture, in conjunction with other governmental bodies, 
also set up a national rice strategy, implemented between 2004 and 2008, in order 
to encourage the production of safe foods, to improve environmental management, 
and to improve the environment as a whole.

The Thai Government considers the standardization of organic foods as a 
pre-condition for the exporting of organic agricultural products on to the world 
market. The standardization of organic farming in Thailand was initiated through 
the institutionalization of organic standards, marked by the establishment of 
the Office of Organic Agriculture Certification Thailand (ACT) in 1998, the 
establishment of formal ACT standards in 1999, and the improvement of ACT 
standards to fit International Federation Organic Agriculture Movement (IFOAM) 
standards in 2000.5 The Government established the National Bureau of Agricultural 
Commodity and Food Standards (ACFS) in 2002 to consolidate all national 
organic certi fications under a single authority. Although organic agriculture was 
promoted as a national agenda, the growth of organic food supplies in Thailand 
resulted from the engagement of agribusiness in organic production; the majority 
of smallholders did not convert to organic agriculture because of a number of 
barriers (Panyakul 2004).

23.2  Methods and Data Collection

This study adapts anthropological approach methodology to understand the 
 position of farmers who grow fair trade and organic rice under contract, and the 
role of contract farming in re-shaping labor processes within the organic rice 
scheme. Ethnography was the key methodology employed to observe and gather 
data in the field, together with a farmer household survey and in-depth interviews 
with key informants.

The field sites studied were several districts in Ubon Ratchatani Province along 
the Thai-Laos border, which are important sites for export-oriented organic rice 
production. A household survey was conducted at these field sites in order to collect 
data about the socio-economic status of farm households engaged in organic agri-
culture. This survey collected data on demographics, education, land-use patterns, 
sources of inputs and supply, labor arrangements, water management, migration, 
and sources of income and debt information. In-depth interviews with key informants 
were conducted in District “A” of the Province, which was selected as a field site 
for the ethnographical research.

5 Initially, the ACT was named Alternative Agriculture Certification Thailand and had four main 
objectives, one of which was to assure consumers of the distinctive quality of organic foods pro-
duced by alternative agriculture. After the ACT had run for a few years, it changed to focus on 
certification alone. In 1998, the Alternative Agriculture Certification Thailand was renamed to 
Organic Agriculture Certification Thailand, and its standards were also revised to meet those of 
IFOAM in 2000 (http://www.actorganic-cert.or.th/standard.html).

http://www.actorganic-cert.or.th/standard.html
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23.3  Case Study

According to the fair trade standards, most producers who enter into fair trade 
markets are smallholders and are united through the presence of associations, coop-
eratives, and producer groups. The organic jasmine6 rice scheme in northeastern 
Thailand was initiated by a local NGO in 2002 through a local development 
scheme. To be able to export organic jasmine rice to the fair trade markets, the 
farmers have to be united as an organic rice producer’s group. The initial mobilization 
of farmers for growing organic rice was based on their conversion from standard to 
organic agriculture, and the certification of organic rice took 3 years after the initial 
conversion. The initial inspection by internal inspectors has been followed by an 
annual inspection by external inspectors accredited by the certifying organizations. 
Initially, the producer’s group had a membership of less than 100 farmers, however, 
its membership had reached 500 farmers by 2007.

It was expected that the long-term linkage between the fair trade scheme and the 
producer’s group would improve the well-being of smallholders, with a fair trade 
premium paid to the farmer’s organization in addition to the guaranteed rice price, 
and that this would support locally-initiated development projects. The producer’s 
group used the fair trade premium to begin to focus exclusively on organic rice 
production. From 2003 to 2008 the group received a fair trade premium of approxi-
mately 1.5 million baht (US$24,857). The premium was employed to support a 
variety of activities, such as training the farmers in the technical knowledge 
required for organic rice farming, paying certification fees, and setting up a fund to 
dispense group loans for farm improvements.

In theory, it is correct to say that the fair trade and organic rice scheme was meant 
to open a space for all potential farmers to produce high quality organic rice prod-
ucts. However, in practice the integration of smallholders into the global organic 
market has occurred through the mobilization of conventional farmers who have 
been induced to grow organic jasmine rice for export. The local NGO has linked 
smallholders with global niche markets through contract farming. The local NGO 
imposes criteria for the selection of land and labor in order to produce the organic 
jasmine rice commodity. The farmers were originally informed that they were to 
apply to be members of the producer’s group through their personal connections 
with former farmer members, NGO staff, and the committee of the producer’s group. 
The NGO organization had extension service staff who constantly visited the farm-
ers in order to convince them to apply for membership of the producer’s group.

A survey conducted by the local NGO in 2007 indicates that those farmers 
engaged in growing organic jasmine rice for export come from different sized 
farms. From a total of 553 farm households, the farmers can be classified into three 
categories: (1) large-scale farmers, (2) medium-scale farmers, and (3) small-scale 
farmers or smallholders. Smallholders refers to those peasants who own land 

6 Jasmine rice or jasmine rice is called the ‘Khao Dawk Mali 105’ (KDML 105) (in Thai script, it 
is written as ‘�����������’).
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between 0 and 15 rai (0–2.4 ha), of which there are 250 households, comprising 
45.20% of all farms. The medium-scale farmers are those who owned land of 
between 16 and 30 rai (2.5–4.8 ha), of which there are 208 households, comprising 
37.61% of all farms. Finally, the large-scale farmers refers to farmers that own land 
over 31 rai (4.9 ha), of which there are 95 households, comprising 17.17% of all 
farms. The number of farm households and size of farms is shown in Table 23.1.

The reasons for the farmers’ decision to grow organic rice for export are fairly 
complex. The farmers believe that the conversion to organic rice farming benefits 
them in several ways. For instance, it allows them to cope with cost-price squeeze 
problems and to gain a premium price. Once the farmers have been integrated into 
the global niche markets, they can sell their produce at a minimum guaranteed 
price, as set by the FLO – which is also a premium price.

Although economic reasons are an important factor in the conversion to organic 
jasmine rice production, social and cultural reasons are also involved. The farmers 
consider organic agriculture to be safe, healthy, and environment-friendly, and they 
believe that organic agriculture improves land fertility and generates safe food both 
for their own family members and consumers; at the same time it can be seen as 
value-added production.

Export-oriented organic rice production in northeastern Thailand is a response 
to emerging niche markets and to national agricultural restructuring policies. 
Moreover, the export-oriented organic jasmine rice scheme in northeastern Thailand 
is a buyer-driven commodity chain.7 It is a commodity chain in which large retail-
ers, brand-named merchandisers, and trading companies play a pivotal role in set-
ting up decentralized production networks in exporting countries, typically located 
in the so-called Third World. These chains allow buyers and branded merchandis-
ers to act as strategic brokers in linking overseas factories and traders with evolving 
product niches in their main consumer markets. The flexible specialization of these 
chains gives them a greater capacity to deal with the changing conditions of doing 
business in a post-Fordist world (Gereffi 1994).

The creation of flexible specialization takes place through changes across three 
main domains: (1) volume and differentiation of the farmers’ product, (2) farm 

Table 23.1 Classification of farm size by land holders

Farm sizes
Number of farm 
households % of farms

Small-scale farmer (0–15 rai, or 0–2.4 ha) 250  45.21
Medium-scale farmer (16–30 rai, or 2.5–4.8 ha) 208  37.61
Large-scale farmer (larger than 31 rai, or 4.9 ha)  95  17.179
Total (11302.16 rai, or 1834.48 ha) 553 100

7 Buyer-driven commodity chains are identified by reference to three main dimensions: (1) the 
input–output structure i.e., a set of products and services linked together in a sequence of value-
adding economic activities, (2) territoriality i.e., a spatial dispersion or concentration of produc-
tion and distribution networks, comprised of enterprises of different sizes and types, and (3) a 
governance structure i.e., authority and power relationships that determine how financial, material, 
and human resources are allocated and flow within a chain (Gereffi 1994).
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 management and a mix of internal factors, and (3) the farmers’ relations with other 
firms, such as suppliers or buyers (Raynolds 1994). For example, the Kenya flower 
commodity chain is driven by the force of retailers and the force of abstraction coming 
from international regulations (Hughes 2004). Similar to the Kenya flower commodity 
chain, the organic jasmine rice commodity chain is based on the re-arrangement of the 
conventional rice commodity chain in accordance with the demands of retailers and 
the forces of abstraction coming from international regulations.

Figure 23.1 illustrates the conventional rice commodity chain, which is locally 
embedded and is facilitated and controlled by local actors. Local rice mills and 
local rice merchants play an important role in collecting rice from the farmers to 
sell at both local and international markets.

In contrast, the organic jasmine rice commodity chain is facilitated and con-
trolled by global actors. Although the production system is organized by local 
actors, such as the local NGO through initiation of the local development program, 
the organic jasmine rice commodity chain is a vertical network. Contract farming 
is employed as a major mechanism by which local farmers are linked to global 
niche markets. Contract farming allows global actors to gain control over farmers 
and farming practices from a distance (Young 2006). The use of contract farming 
in the organic jasmine rice scheme allows the global actors such as retailers, certi-
fication bodies, and inspection organizations to control both the quantity and qual-
ity of organic jasmine rice produced by the farmers. The farmers who produce 
under the contracts are orchestrated by the global actors via regulations; as contract 
farming is employed by capitalists to create flexible specialization, the role of the 
contract within the organic jasmine rice commodity chain is vital.

Figure 23.2 illustrates the complex web of social relations that exist between firms, 
NGOs, and farmers within the organic jasmine rice commodity chain. The farmers are 
organized together as a producer’s group, according to the fair trade standards. Milling, 
processing, and packaging processes are operated by a local rice mill. Audit inspec-
tions are conducted by independent inspectors under the control of international certi-
fying bodies such as FLO-CERT and IMO, and the organic jasmine rice is exported 
by another export firm, one which has market ties to importers overseas. These import-
ing firms are responsible for milling the brown rice into white rice and for the process-
ing of the organic jasmine rice. Following this, the organic jasmine rice is packaged by 
different brand-name companies and sold through ethical marketing chains overseas, 
through fair trade networks, and organic niche market retailers.

The organic jasmine rice scheme in northeastern Thailand has been certified by 
six international standards systems, the Fair Trade,8 NOP,9 EEC 2092/91,10 
 BIO-SUISSE,11 JAS,12 and ISO 22000: 2005 standards13; the production system has 

8 The fair trade standards.
9 The American USDA National Organic Program (NOP).
10 The Council Regulation of the European Union (EEC) No 2092/91 on organic production of 
agricultural products.
11 The Swiss Organic Regulation.
12 The Japanese JAS standard.
13 The International Organization for Standardization.
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been re-arranged to comply with fair trade and the organic standards. The fair trade 
standards are mainly concerned with an improvement in the social conditions of 
production by paying the producers a guaranteed minimum price, one which covers 
overall production costs. In addition, the buyers are required to pay an additional 
social premium to support local development schemes initiated by producer 
 organizations. For producers to get the fair trade premium, they are required to 
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coordinate with a producers group, an association, or a cooperative. The group must 
consist of small farmers who depend on family labor to produce the fair trade 
 products. Additionally, the group must be organized and operated along democratic 
lines and have democratic decision-making processes.14 Recently, the Fair Trade 
Labeling Organization International (FLO) has recognized the importance of 
 ecological well-being. Consequently, the fair trade producer group is required to 
reduce negative environmental impacts during the production, post-harvesting, and 
processing stages (Rice 2001). Hence, the regulating spaces that exist under fair 
trade standards are essentially social conditions of production, rather than ecologi-
cal conditions of production.

The organic agriculture movement is founded on an improvement in soil fertil-
ity, the prohibition of synthetic agro-chemical use, and the minimizing of off-farm 
resource use (Darnhofer 2005). From this perspective, the regulating spaces set by 
organic standards are ecological conditions of production rather than social condi-
tions of production. Consequently, organic regulations play a critical role in deter-
mining the legal definition of organic and in providing guidelines for the practice 
of organic agriculture (Guthman 1998).

Since the competiveness of export-oriented organic jasmine rice production in 
the northeast of Thailand is constituted through an ability to comply with five sys-
tems of certification, key factors to be considered are: (1) the mechanisms through 
which the international regulations are enforced on the ground, (2) the ways in 
which the production system is re-arranged to comply with international regula-
tions, and (3) the degree to which the farmers are able to comply with the interna-
tional regulations.

23.4  The Creation of Flexible Specialization  
in Export-Oriented Organic Jasmine Rice Production

This study argues that competition in the organic jasmine rice scheme is created by 
the ability to manage production time and the ability to integrate together different 
firms and organizations across different geographical spaces in order to match pro-
duction with purchase orders and to control the quality of products (Schoenberger 
1994). In addition, socio-economic and ecological conditions in northeastern 
Thailand contribute to competition in the organic jasmine rice scheme.

The northeast of Thailand is known as a region which has insufficient infrastruc-
ture, deteriorated natural resources, low education levels, and a lack of capital. Rice 
farming in the Northeast depends mostly on rainfall and has relatively low yields 
when compared to other regions of the country. The level of rainfall in the Northeast 
is not markedly lower than that of other regions, but the poor quality of the local soil 
reduces its effectiveness; the land has lower levels of nutrients and  water-retention 

14 Food Safety Management Systems.
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capacity and drought is thus a common occurrence. The poor quality of the soil and 
the drought are obstacles to agricultural intensification and expansion of agricultural 
territory, and they underpin the problem of rural poverty in the Northeast.

Socio-economic and environmental conditions in the Northeast have limited the 
impacts of the Green Revolution. As a result, the attempts to modernize agriculture 
in northeastern Thailand did not meet with total success. The Green Revolution 
could be identified as a “package approach” used to increase productivity, and it  
included widespread use of high yielding varieties (HYVs), intensified cropping, 
and a high level of reliance on irrigation systems, machinery, and agricultural 
chemicals. Some research has argued that the Green Revolution was only effective 
if the package approach was undertaken. From this perspective; therefore, the intro-
duction of HYVs alone was not enough to create the beneficial Green Revolution 
effects, because water control, high fertilizer inputs, and the prevention of disease 
and insect management were also important (Pingali et al. 1997).

The impacts of the Green Revolution were obvious in central Thailand, as it 
improved rice yields per rai. However, a variation in rice growing successes across 
the different regions of the country was reported. Many writers on the impacts of the 
Green Revolution state that variations in the yields cultivated across different regions 
of the country were the result of variations in the environmental conditions under 
which rice was grown, rather than variations in technological access (Silcock 1970; 
Hseith and Ruttan 1967). A closer examination of the regional yield data in Thailand 
highlights the impact of environmental conditions on the yields, including the 
proportion of paddy land under irrigation in different regions and the occurrence of 
floods or droughts which damaged harvested areas and reduced yields.

Central Thailand had fairly high yields, due to a larger proportion of planted 
areas with access to irrigation systems. In contrast, rice yields in northeastern 
Thailand were only about two-thirds of those in the central plains, due to poor 
weather and soil conditions (Silcock 1970). At the early stages of the Green 
Revolution in the Northeast, an important report contended that northeastern Thai 
farmers had no confidence in the effects of chemical synthetic fertilizers, for two 
reasons. First, the farmers could not access micro-credit, so they could not afford 
expensive synthetic chemical fertilizers. Second, the farmers were not convinced of 
the efficacy of synthetic chemical fertilizers in their paddy fields, because in gen-
eral chemical fertilizers did not generate dramatic yield increases and profitability 
in that area, as was frequency claimed (Kolseus 1972).

The statistics from the 3-year period 2003–2005 confirm the studies mentioned 
above. Central Thailand had fairly high yields over this period, at about 571, 584, 
and 594 kg per rai, respectively, but yields in northeastern Thailand were only 333, 
329, and 340 kg per rai for the same period.15

Moreover, northeastern Thailand has few major rivers and an insufficient 
water supply, factors which generally lead to severe drought and placed a 
 limitation on the effects of the Green Revolution. The HYVs depend on a 
 combination of adequate synthetic fertilizer and insecticide usage. They also 

15 Office of Agricultural Economics.
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require an  adequate water supply, in order to allow the rice to mature and ripen; 
hence, an insufficient irrigation system in northeastern Thailand directly affected 
the yields.

However, northeastern Thai farmers do not rely on rainfall alone; they do try to 
channel water into their paddy lands. Some use short-life pumps to draw water from 
channels or underground water supplies into their paddy fields so as to prevent their 
fields from drying up. At the start of the rainy season, when the rainfall is unreli-
able, paddy fields that do not have nursery crops often serve as catchment areas for 
those that do. Each paddy field has the characteristics of a small reservoir, but even 
then water may be insufficient. In places with a limited catchment area, or where 
the level of underground water is low and the soil is highly porous, farmers’ efforts 
bring little reward.

Without using the package approach of the Green Revolution, this study argues 
that the introduction of one single technological element of the Green Revolution 
into the traditional cultivation system, at the personal discretion and initiative of the 
farmers and under certain limited environmental and socio-economic conditions, 
only had a partial effect.

The partial effects of the Green Revolution in northeastern Thailand have led to 
a comparative advantage in terms of the conversion to organic agriculture, as the 
potential risk of cross-contamination in the Northeast is perceived as less than in 
other regions. jasmine rice16 is a photo-period sensitive rice variety and can be 
grown in the wet season in every region of the country. However, northeastern 
Thailand is the most suitable place for growing jasmine rice, due to its rainfall pat-
tern and soil salinity (Isvilanonda and Seiichi 2005).

The socio-economic and environmental conditions in northeastern Thailand 
have also contributed to its competitiveness in terms of organic jasmine rice pro-
duction. The Northeast is known as a region in which a large number of residents 
live below the poverty line. In 2004, the average income of residents in the 
Northeast was estimated to be about 1,078 baht per month, the proportion of those 
considered as poor was estimated to be about 17.16%, and the number of poor was 
estimated to be 3,650,000 people. In contrast, average income in central Thailand 
at that time was estimated to be 1,339 baht per month, the proportion of poor people 
was estimated to be 5.09%, and the number of poor was estimated at 757,000 
people.17 Moreover, another report said that 24.53% of farmer families were land-
less and had problems in terms of a lack of stable land tenure. In addition, at that 
time about 4.86 million farmer families (or 86.4%) were indebted to an average 

16 Jasmine rice is known for specific characteristics, particularly its aroma and low amylase con-
tent, which makes the cooking of jasmine rice different from other rice grains. These special 
characteristics can be distinguished among Asian consumers and help generate a premium price. 
The aroma and grain quality of jasmine rice grown in different geographical regions are not uni-
form, due to the production environment, soil nutrient levels, and cultural management practices 
(Isvilanonda and Seiichi 2005).
17 A survey conducted by the Office of National Statistics, calculated by Office of the National 
Economics and Social Development Board in 2004.
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amount of 24,700 baht (US$642.7) per family.18 The poverty line, plus the propor-
tion and actual number of poor people found in northeastern Thailand in 2004, are 
identified in Table 23.2.

Initially, most farmers who engaged in export-oriented organic jasmine rice 
production were smallholders. A 2007 survey pointed to the fact that wealthy farm-
ers were the smallest group of farmers engaged in export-oriented organic rice 
production, though they had relatively high potential in terms of access to labor, 
land, and capital, and that the smallholders were the biggest group, although they 
had relatively less potential in terms of access to labor, land, and capital. Hence, the 
introduction of export-oriented organic jasmine rice production in the Northeast of 
Thailand has involved a complex and uneven process.

As only a minority of smallholders have been integrated into niche markets, in 
some way the emergence of niche markets in northeast Thailand has created a new 
rural differentiation regime, between the farmers who have been integrated and 
those who have been excluded from the niche markets. Moreover, rural differentia-
tion has also occurred among farmers integrated into the fair trade and organic 
jasmine rice scheme but who have different capacities in terms of access to land, 
labor, and capital.

The use of contract farming in the fair trade and organic jasmine scheme has 
created flexibility for the capitalists to access suitable land owned by the small-
holders and utilize labor which is uneven across the different seasons in terms of 
availability. The farmers are considered as a flexible specialty labor; they are poor, 
vigorous, patient, honest, dutiful, and flexible. The conversion to organic agricul-
ture as a livelihood strategy employed by the farmers to cope with vulnerability, to 
seek security in the context of a weakening peasant movement in Thailand, as well 
as to deal with the internationalization of high-value food, has been a common 
strategy used. Within the last few decades, rural development in the Northeast has 
focused particularly on the improvement of productivity to attain self-sufficiency, 

Table 23.2 Indicates the poverty line, proportion of poor people, and the number of poor people 
in 2004 (Source: A survey by the Office of National Statistic, calculated by Office of the National 
Economic and Social Development Board)

Region
Poverty line  
(baht/person/month)

Proportion of poor 
people (%)

Number of poor 
people (thousand)

Bangkok 1,853  1.64   108.40
Central plain 1,339  5.09   757.40
Northeast 1,078 17.16 3,650.80
North 1,131 16.24 1,907.40
South 1,164  7.82   655.00
Total 1,242 11.25 7,079.00

18 The Bank of Agriculture and Cooperatives reported in 2004.
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to resolve the problems of environmental destruction and social inequality resulting 
from economic development (Phatharathananunth 2002). Nevertheless, we are still 
left with the question as to whether this strategy has helped reduce vulnerability and 
poverty, particularly among poor farmers.

Rural diversification is an important strategy employed by rural households in 
developing countries to reduce vulnerability and enhance well-being (Rigg 2001), 
and migration has been a livelihood strategy employed by younger generations in 
northeastern Thailand to gain more income and to cope with the problems of vul-
nerability (Mills 2001). Therefore, livelihood diversification, or the process by 
which rural families construct a diverse portfolio of activities and social support 
capabilities in order to survive and to improve their standard of living, is vitally 
important (Ellis 1998). Empirical evidence shows that rural families in developing 
countries rely significantly on migration and non-farm livelihoods for their survival 
(Rigg 2006). Nevertheless, the impacts of migration and remittances on local 
economies and the changes that have taken place in the agricultural sector are com-
plex, because agrarian transition in developing countries has not been linear but has 
appeared along multiple trajectories (Hart 1997).

This study confirms the argument of Rigg that non-farm livelihoods are impor-
tant for the survival of rural families of northeastern Thailand. I argue that the 
conversion to organic agriculture in northeastern Thailand has been the result of 
complex drivers. Farmers now combine on-farm and non-farm activities in order to 
make a living; they often grow glutinous rice for their own consumption and 
organic jasmine rice for commercial production. They have a number of options 
open to them: (1) to persist with conventional rice farming plus carry out wage 
labor or other non-farm activities; (2) to shift to organic rice farming plus carry out 
wage labor or other non-farm activities; (3) to try a combination of conventional and 
organic rice farming, plus carry out wage labor or other non-farm activities; (4) and, 
to abandon rice farming altogether and turn to wage labor. When considering the 
rural households’ portfolios as mentioned above, the conversion to organic agricul-
ture helps them to persist with their on-farm livelihoods. Non-farm income also 
plays a significant role in the way that the farm households make a living, as the 
farmers usually spend their incomes derived from non-agricultural activities to 
invest in agriculture.

It is worth noting that only a minority of farmers in the rural communities of  
northeastern Thailand have been able to convert to organic agriculture; the major-
ity of their fellow farmers have continued with conventional agriculture. This 
indicates that the process of market integration is complex and uneven. For the 
farmers, the decision to convert to organic agriculture is not a freely-made choice, 
but it is influenced by their economic and social contexts. Some of the main deter-
minants of diversification are seasonality, differentiated labor markets, risk strate-
gies, coping behavior, credit market imperfections, and inter-temporal saving and 
investment strategies (Ellis 1998). Key factors that shape choices to diversify have 
to be examined.
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23.5  Examining Capacities and Challenges in Recent Trend  
of Export-Oriented Organic Rice Production

To export organic jasmine rice to global niche markets, the production system and 
agro-ecological environment must be organized in compliance with international 
regulations. The ability to compete in the trade of organic jasmine rice depends 
significantly on the capacity of individual farmers to arrange their time and space 
to comply with international regulations. The organic jasmine rice scheme in north-
eastern Thailand has been certified by five systems of certification, yet international 
regulations have a certain set of rules to follow. The complexity and difference in 
international regulations when compared to domestic standards can be regarded as 
a non-tariff trade barrier for the export of products from developing countries to 
international markets (Henson and Loader 2001). Therefore, differences between 
the fair trade system of certification and the organic trade system of certification 
have created practical constraints to exports (Browne et al. 2000).

The differences in international regulations make their enforcement on the 
ground nearly impossible for both development practitioners and local farmers. As 
a result, the international regulations have had to be transformed by the relevant 
development programs into 20 locally-established rules. The primary reason for 
simplifying international regulations to 20 locally-established rules is to make the 
regulations practicably enforceable and to make possible the monitoring and audit-
ing of farming practices.19

Contract farming is the key mechanism through which international regulations 
are enforced on the ground. Contract farming in organic and fair trade agriculture 
plays two key roles, the first being to re-arrange agricultural practices to comply with 
international food regulations, and the second to assure the availability of disciplined 
labor to work on the farms. Although the role of contract farming in organic and fair 
trade agriculture is important, a full discussion of it is beyond the purpose of this 
paper. This study will focus on the re-arrangement of agricultural practices at place 
in contract farming so that it complies with fair trade and organic regulations.

The chronology of this process is: (1) producers are required to attend training; (2) 
farmers negotiate the size of the paddy fields they want to use for the contract produc-
tion of organic rice; (3) the contract between the project manager and the producer is 
created on the basis of the individual farmer involved; (4) the project manager sends 
out a standard contract to each producer on a take-it-or-leave-it basis; (5) the producer 
signs the contract, specifying the paddy fields to be used for rice growing; (6) the 
project manager inspects the paddy fields, choosing the contract producers based on 
this inspection; (7) the project manager decides on the production plan; (8) the farm-
ers prepare the soil, sow the rice seeds on the nursery plots, and transplant rice crops 
from the nursery plots to paddy fields; (9) the farmers nurture and protect the organic 
rice; (10) the farmers harvest the rice crops, dry the cultivated paddy fields, and 
deliver the rice to the project; (11) and finally, the farmers are paid.

19 Interview with a development programmer on 28 December 2009.
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Since accurate planning is important within contract farming, the transplanting 
activities must be synchronized to match the capacity of the harvest and threshing 
laborers, taking into account transportation time and the ripeness of the rice. Therefore, 
decisions regarding the harvest period are made by the development project.

The 20 locally-established rules include: (1) the farms must completely convert 
to organic agriculture across all plots, including subsistence food plots. The transi-
tion to a fully organic situation takes 3 years; (2) mixing animal rearing and organic 
rice production is forbidden – if animals are kept on the farm, some measures are 
required in order to ensure animal welfare; (3) farmers are required to set aside at 
least 7% of their total agricultural area to conserve “natural space”; (4) the farmers 
must apply for membership in the organic jasmine producer’s group and must sell 
all their organic paddy to the project; (5) the farmers must sign the contract; (6) it 
is compulsory to use certified organic rice seeds; (7) the use of chemical synthetic 
fertilizers and pesticides is prohibited; (8) all production inputs must be organic, 
must not be chemically treated, and must be approved by the development project; 
(9) use of genetically modified organisms (GMOs) is prohibited; (10) farmers are 
required to grow multi-annual rotation crops to improve soil fertility; (11) the pre-
vention of airborne and waterborne contamination is required; (12) rice must be 
handled in such a way as to avoid mixing organic jasmine rice with other types of 
rice produced by non-certified producers during the harvesting, threshing, rice stor-
age, and rice containing stages; (13) harvesting and post-harvesting processes must 
follow the instructions specified in the guidelines; (14) farmers are required to 
always participate in the annual training program, otherwise their status as mem-
bers of the organic producer’s group will be rescinded; (15) farm records20 must be 
clear, and the original receipts for purchasing and selling items must be kept ready 
for checking by internal and external inspectors; (16) farmers must allow internal 
and external inspectors to carry out spot checks on the fields, the house, rice storage 
areas, the warehouse, and other crop checks. The inspections can be carried out at 
any time, with no need to inform the farmers in advance; (17) farmers must attend 
the annual meeting. If the farmers cannot attend the meeting for whatever reason, 
they have to assign a family member who engages in organic rice production to 
replace them, otherwise their status as a member of the organic jasmine rice pro-
ducers group will be rescinded; (18) during the transition period, the farmers cannot 
sell their produce at the minimum guaranteed farm-gate price set by the FLO, and 
the farmers must be verified by internal and external inspectors at least once a year 
during the transition period; (19) the delivery of organic rice to the rice mills and 
the costs of delivery are the responsibility of the farmers; and (20) the NGO must 
be informed of any adjustment of production and post-harvesting activities, as well 
as control of pest epidemics. The development programmer claims that these 20 

20 Farm records cover the recording of farm history, including the agricultural area, land ownership, 
land use patterns, types of crop, chemical usage, water resources used for cultivation, management 
of agricultural inputs, the harvesting and selling of crops, and total production and income from 
product sales. Importantly, farm records record the field history of the farm for the previous 
3 years.
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locally established rules cover all five systems of certification and both fair trade 
and organic standards.

These locally-established rules represent codes of practices for the on-farm 
management activities carried out by the farmers and also represent codes of prac-
tices for the inspectors. These codes of practices for organic certification are mainly 
concerned with: (1) careful on-farm management; (2) proper documentation; (3) a 
crop protection strategy; (4) the prohibition of chemical pesticide and insecticide 
use; (5) the application of organic inputs21 and the methods used; (6) enhancing 
animal welfare; (7) and protection of the environment. The codes of practices for 
fair trade certification are mainly concerned with: (1) careful on-farm management; 
(2) proper documentation; (3) decision-making along democratic lines; (4) and the 
protection of workers’ rights. These codes of practices follow the ideals of the fair 
trade and organic regulations, aimed at changing the way in which export-oriented 
rice farming is handled.22

To achieve the ideals promoted by the fair trade and organic standards, the on-
farm management and labor processes have to be re-arranged according to these 
codes of practice. As a result, farmers have to spend more time working in the 
fields, particularly during the transplanting and harvesting periods. Transplanting 
and harvesting organic rice depends entirely on manual labor. The transplanting and 
harvesting must be synchronized and must be handled in a way that meets the con-
tract schedule, as any delay in the production process, such as during transplanting 
and harvesting, will prevent the rice from growing properly and from generating a 
fruitful yield, thereby affecting both the quantity and quality of the yield.

Across the other seasons, organic rice farming23 still requires labor provisions to 
be consistent throughout the year. In the summer, which is between January and 
April, most of the rice is harvested. However, due to the inadequate water supply at 
this time, paddy fields are often left without crops. As a result, farmers who pursue 
conventional rice farming often seek non-farm income,24 but those farmers who 

21 Products used in organic production and processing, e.g. fertilizers, soil conditioners, plant pro-
tectants, including additives and processing aids used in organic processed products.
22 Handling refers to wind-drying, sun-drying, cleaning, cutting, sorting, packing, storage, and 
transportation of the product (IFOAM).
23 Includes all agricultural land holdings (for crops or animal rearing) under the management of the 
same person; it also includes land rented from others for farming purposes, where the farmer is 
not the owner.
24 The primary sources of income for rural households are categorized as farm, off-farm, and non-
farm sources. Farm income includes livestock as well as crop incomes and comprises both the 
consumption of own-farm outputs and cash income from the outputs sold. Off-farm income typi-
cally refers to wage or exchange labor on other farms. It also includes labor payments in kind such 
as harvest-share systems and other non-wage labor contracts. Non-farm income refers to non-
agricultural income sources and includes: (1) non-farm rural wage employment, (2) non-farm 
rural self-employment, (3) property income, (4) urban-to-rural remittances arising from within 
national boundaries, and (5) international remittances arising from cross-border or overseas 
migration (Ellis 1998).
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undertake organic agriculture are not allowed to do this; they have to work on their 
farms to ensure that they are properly managed and in order to comply with all the 
international rules.

Though the farmers intend to follow the regulations, some find it quite difficult 
to comply with the international regulations. At a meeting, on March 12, 2008, 
farmers specified the difficulties they encounter: (1) the provision of non-qualified 
rice seeds by the project causes low yields and contamination problems; (2) no 
compensation is provided to farmers during the conversion period,25 even if their 
yields are significantly decreased; (3) conversion to organic rice farming causes 
increased production and transaction costs; (4) social conflicts associated with land 
and resource management sometimes occur between farmers in pursuit of non-
organic and organic rice farming; (5) the degree of risk arising from insect epidem-
ics is high; (6) the prevention of diseases, weed control, and pest management is 
difficult and costly; (7) the lack of a water supply prevents the rice from growing 
properly; (8) there is insufficient animal manure; (9) tensions arise from the tighter 
controls and rules; (10) the minimum guaranteed rice price is relatively low com-
pared to the non-organic rice price outside the contract; (11) there is sometimes no 
available organic rice market (from participatory observation during a meeting on, 
March 12, 2008).

The field study confirmed the difficulties encountered by the farmers. Moreover, 
the farmers complain that they “get more tired” than those who practice conven-
tional agriculture. Such complaints reflect the fact that organic agriculture requires 
an extended time and intensive labor, more so than conventional agriculture. In all, 
the process of market integration has affected different scales of smallholders in 
different ways.

Evidence derived from my 2007 survey also shows that the use of contract farm-
ing in organic and fair trade agriculture allows the capitalists to use dispersed land 
for growing organic jasmine rice for export. Under the contract, paddy land is man-
aged by individual growers, even if these lands are owned only through customary 
rights. My survey in 2007 also found that farmers receive a total average income 
derived from off-farm jobs of about 7,730 baht (US$220.85) per year. The farm 
households use some of their income derived from off-farm activities to invest in 
their farms. The average number of family members within each family is five 
people, but those who work on organic rice farming have less than five per family. 
The average age of farmers engaged in organic rice farming is 49 years, so since 
the number of family laborers that work on the farm is insufficient and those that 
do live there are old, the problem of insufficient labor is severe. To solve this prob-
lem, the households rely on hired labor to meet their labor demand in some seasons, 
when intensive labor is needed.

25 “Conversion period” means the period from starting to carry out organic agriculture in accor-
dance with IFOAM standards, until the product has been certified as organic. For organic rice, this 
conversion period takes 3 years.
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The process of market integration has affected the different sized smallholders 
in different ways. My survey found that smallholders depend mostly on their fam-
ily’s own labor to work on farms; the majority of large-scale farmers depend 
entirely on hired labor to work on their farms, as they earn most of their income 
from off-farm activities and have more time to work off-farm. It is common to find 
that larger-scale farmers are wealthy, using the income derived from their off-farm 
activities to hire laborers to work on their farms. Because of their significant depen-
dence on hired labor and less time devoted to farm activities, wealthy farmers are 
in effect capitalists acting as farm managers.

The wage labor problem stems from the fact that the demand for agricultural 
labor is uneven, and laborers have to be available all at the same time. Additionally, 
another problem of hiring workers is not only that they must be hired in the first 
place, but also that they must be made to work. The task of supervision is especially 
problematic in agriculture, because the labor process is carried out over an exten-
sive geographic area, and under such circumstances, farmers find it difficult to gain 
constant exertion from the hired laborers. Although special care is needed for many 
tasks, the uneven labor demand created by the seasonality of agricultural produc-
tion means that those who are hired for particular tasks are those who cannot get 
full-time jobs and may be neither skilled nor inspired to work hard by the low pay 
and difficult working conditions.

Contract farming shifts both the risks and hazards of seasonally uneven labor 
requirements onto the contract farmer. The farmer is paid according to how much 
she or he delivers, which effectively skirts the need for supervision by making the 
farmer the agricultural laborer on a piece work rate. The costs of supervision are 
not eliminated entirely, however, since the farmer may have reasons for reducing 
the amount of labor devoted to a contracted crop, at the expense of receiving a 
slightly lower income. Labor costs generally form a substantial part of total produc-
tion costs. In the organic jasmine rice scheme, total production costs in 2008 were 
estimated to be about 3,210 baht (or US$91.71) per rai, with labor costs estimated 
to be about 2,365 baht (or US$67.57) per rai, comprising 73.99% of total produc-
tion costs. The farmers pursuing organic agriculture need to pay labor costs for 
seedling and weed management, while their fellow farmers who pursue conven-
tional agriculture do not need to pay for such labor costs. Because of this fact, the 
labor costs for organic agriculture are relatively high when compared to conven-
tional agriculture. Uneven labor requirements are the farmer’s biggest problem, 
since the buyers pay for produce only upon delivery; therefore, if the production 
procedures require intensive labor, the contract ensures that the farmer exploits 
himself or herself.

Self-exploitation is a crucial advantage of small-scale peasant farming over 
other forms of agriculture. For the small-scale farmer, labor may include both fam-
ily labor and labor hired on advantageous terms, plus that which only a peasant can 
obtain – labor hired in kind, not for cash. Sanctions against child labor, whether 
legal or based on public disapproval, do not apply to sharecroppers or to contract 
growers who make use of their own child’s labor. Contract farming offers access to 
a hidden peasant labor market with economies not available to the large-scale hirer 
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of wage labor, such as labor exchanged among peasant relatives and neighbors 
within the peasant community.

When compared to the farmers who pursue conventional agriculture, the famers 
who pursue organic agriculture pay relatively higher production costs, with the 
production costs of organic agriculture calculated to be 3,535 baht (or US$101) per 
rai in 2008, while the production costs of conventional agriculture were calculated 
at 3,210 baht (or US$91.71) per rai in the same year. A comparison between the 
production costs of the organic jasmine rice scheme and that of a non-organic jas-
mine rice production scheme in the Northeast of Thailand is shown in Table 23.3.

Furthermore, the farmers who pursue organic agriculture have to pay opportu-
nity costs, due to the locally-established rule specifying that the land must be used 
for growing organic crops only. After cultivating organic rice crops, rotation crops 
are required to be grown in order to enhance land fertility, and as a result, the land 
cannot be used for growing multiple crops of rice. Following the rice harvest, the 
conventional farmers usually grow cash crops such as cassava, which tolerates dry 
weather and can be grown even on infertile land. Moreover, cassava does not need 
intensive labor and takes only a few months of cultivation; however, cassava does 
require a certain amount of synthetic chemical fertilizers to produce commercially 
viable yields. As a mixture of organic and non-organic crops is prohibited in the 
organic jasmine rice scheme, the farmers who pursue organic agriculture cannot 
grow cassava for commercial purposes.

Among many difficulties encountered by the farmers, the period of conversion 
to organic agriculture, which takes 3 years, is identified as the cause of greatest 
hardship. The yields dramatically decrease in the first year of the transition to 
organic agriculture, but there is no compensation provided to farmers for this loss. 
Some farmers claim that the yields from organic rice plots in the first year of transi-
tion decrease by about a half over the yields gained from conventional agriculture. 

Table 23.3 Shows production cost of organic jasmine rice production and production cost of 
non-organic jasmine rice production per one rai estimated in the Northeast of Thailand in 2008

Items

Organic 
jasmine 
rice (baht) Percentage

Non-organic 
jasmine rice 
(baht) Percentage

Plowing (labor cost)   250 7.78   250  7.07
Secondary plowing (labor cost)   400    12.46   400 11.32
Seeds   85 2.65   85  2.40
Seedling   140 4.36    –    –
Transplanting (3 persons/1day/1 rai)   600    18.69   600 16.97
Fertilization compost (250 kg/3 baht) 

and EM (0.5 l) Labor cost
  800     24.92 1,300 36.76

Weed management (1 day/1 rai)   35 1.09    –    –
Harvesting (2 persons/1 day/1 rai)   250 5.79   250  7.07
Threshing (1 day)   500    15.58   500 14.14
Packaging and delivery (1 day)   140 4.36   140  3.96
Transportation   10 0.31   10  0.28
Total 3,210 100 3,535 100



43123 The Transition from Conventional to Organic Rice Production

Yet, if the farmers expect to be certified as organic, they also need to pay for 
increased production and transaction costs, plus the cost of risk management aris-
ing from exposure to insect epidemics. Even though yields cultivated in the second 
year of transition improve, one cannot say that the yields from organic rice farming 
can compete with yields from conventional rice farming, even in the third year of 
conversion to organic rice farming.

As organic rice farming requires careful attention to be paid to the overall pre-
production, production, and post-production procedures, the requirement for inten-
sive and consistent labor in organic rice farming is a crucial factor. However, a 
survey I conducted in 2007 found that the average number of family members 
within the small-, medium-, and large-sized farms is 5, 6, and 5 persons, respec-
tively. The majority of laborers within the small-sized farms work on organic rice 
farming. In contrast, most of the laborers in the large-sized farms earn their money 
from off-farm activities. In addition, my survey found that the average age of farm-
ers engaged in organic rice farming is 49 years, and since there is not a sufficient 
pool of labor, the family farms in this category depend a considerable amount on 
hired labor to work on the farm. Moreover, farmers who pursue organic agriculture 
need to hold back at least one family labor member in order to handle the cattle 
throughout the year, because livestock manure is crucial to making organic com-
post; an allocation of labor for animal husbandry is thus important in order to 
ensure that sufficient animal manure is available.

The demand for intensive manual labor for transplanting and harvesting activi-
ties is vital, forcing the farmers to seek hired labor to meet their labor requirements, 
and it has not been uncommon in recent years for labor to have been recruited from 
Lao PDR to work on these organic rice farms. The replacement of Thai laborers by 
those from Laos is a strategy employed by the contract farmers to cope with the 
labor shortage problems that occur in the agricultural sector, as it helps the contract 
farmers to reduce production costs and to cope with the problem of uneven labor 
requirements.

It is the household income derived from non-farm wages and remittances that 
allows the contract farmers to hire laborers to cope with the problem of uneven 
labor demand. My survey in 2007 found that average household income derived 
from remittances was approximately 34,339 baht (or US$918.11) per year, and that 
the farmers depend significantly on remittances to invest in organic rice production. 
However, an increasing reliance on hired labor has led to higher production costs 
and a higher risk of monetary loss. One year, Lao seasonal labor was disallowed by 
the Thai Government, and confronted with this difficulty the farmers faced signifi-
cant competition for wage labor, plus rising labor costs. As the sustainability of 
organic rice farming relies significantly on hired labor, the key question is how can 
the large-, medium-, and small-scale farmers respond to such changes?

It is correct to say that the large-scale farmers have economies of scale due to 
having more land and capital, but they depend entirely on hired labor to work on 
their organic farms. The greater reliance on hired labor creates higher production 
costs, thereby reducing the economies of scale. For this reason, large-scale farmers 
have not been very willing to engage in export-oriented organic rice farming.
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In contrast, the smallholders have less land and capital, but they are the group 
who participate most in export-oriented organic agriculture; they rely almost 
entirely on their family labor to carry out the work. The transition from conven-
tional to organic agriculture means they squeeze themselves financially at the 
expense of higher profits and reduced labor costs. However, the smallholders are 
interested in participating in organic agriculture because they can potentially make 
more profit while at the same time improve the quality of their land. For the small-
holders, the decision to participate in export-oriented organic agriculture does not 
stem from economic reasons alone, although these reasons are an important factor. 
The smallholders receive fewer economic benefits from participation in the niche 
markets than the large-scale farmers, due to their more limited access to land and 
capital. Ecological and social factors are important for the smallholders, since 
organic agriculture helps improve the fertility of their land, which also means an 
improvement in their longer term livelihood security.

23.6  Conclusion

Market integration has had a considerable impact on peasant livelihoods and the 
environment and agricultural practices in northeastern Thailand. The emergence of 
export-oriented organic jasmine rice production in northeastern Thailand has been 
a response to emerging niche markets. It has also been a response to Thailand’s 
national agricultural restructuring policy which has moved in the direction of the 
production of high value foods for export. The export-oriented production of 
organic rice is a buyer-driven commodity chain in which large retailers, brand-
named merchandisers, and trading companies play an important role in setting up 
decentralized production systems in exporting countries, typically located in the 
Third World.

These buyer-driven food chains have contributed to a change in agricultural 
production systems in northeastern Thailand, since they have re-arranged the con-
ventional rice commodity chain to incorporate the demands of large retailers, con-
sumer concerns about safety, health, the environment, and social justice, and at the 
same time the chain has been re-arranged in response to the forces of abstraction 
imposed by international regulations. The organic jasmine rice commodity chain is 
a vertical network, because contract farming is the principle means through which 
the local farmers are integrated into the fair trade and organic global markets. 
Contract farming allows retailers and other global actors to control quantities and 
standardize the quality of organic rice produced by individual farmers. Under these 
contracts, the livelihoods of farmers and their farming practices have been reshaped 
by the global actors and international regulations, even if these actors are largely 
absent from Thailand itself.

Competition within the organic jasmine rice commodity chain is created by re-
arrangement of the agricultural practices and the environment of northeastern 
Thailand, in order to comply with the demands of retailers and international 
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 regulations. The socio-economic, ecological, and geographical conditions in 
northeastern Thailand have contributed to the competitive advantages created by the 
organic jasmine rice scheme. On the one hand, the socio-economic and environmen-
tal conditions in northeastern Thailand have set a limit on the effects of the Green 
Revolution. The ineffectiveness of the Green Revolution in northeastern Thailand 
left the environment relatively safe (free of chemicals) for organic farming and thus 
created a comparative advantage in terms of the conversion of the area to organic 
rice farming. The socio-economic conditions in the northeastern Thailand have also 
created a form of flexible specialization, as northeastern Thai farmers in the 
Northeast are typically regarded as flexible specialty laborers, diversifying their 
economic activities by combining farm activities with off-farm and non-farm activi-
ties as a strategy to make a living and to obtain a better livelihood.

On the other hand, the key challenge of the organic jasmine rice scheme is that 
it depends significantly on the ability of the farmers to re-arrange their time and 
space to comply with the relevant regulations. These international regulations have 
been enforced on the ground through the establishment of 20 local-based rules, 
which represent both codes of practices for on-farm management by the farmers 
and codes of practice for inspections by outside agents.These codes of practice are 
based on the ideals of both the fair trade and organic agriculture movement. 
However, the enforcement of these international regulations on the ground creates 
tensions for the farmers, as the transition to organic agriculture requires intensive 
labor inputs and increasing production and transaction costs. These costs adversely 
affect the capability of farmers to integrate into niche markets.

The debate about the disappearance or persistence of family farms is an ongoing 
one and relevant to the development of organic rice farming in this area. Many 
family farms have been transformed by capitalism because they have had to adapt 
to various innovations introduced by mechanization and by diversifying their enter-
prises and adopting pluri-activity (Brookfield 2008). Technological innovation has 
also made higher land productivity possible and less-contested and has created 
higher labor production rates (Kautsky 1988). Drawing on the arguments of 
Brookfield and Kautsky, I argue that the persistence of family farms in northeastern 
Thailand under post-Fordist capitalism has been made possible through the diver-
sification of livelihood strategies and the use of technological innovations based on 
the transition to organic agriculture.

However, the capacity of farmers to integrate into the new niche markets is a 
different matter. Large-scale farmers have more land and capital and therefore have 
a greater capacity to hire labor and to access innovative technologies and activities 
which then help them to generate higher yields. However, the greater reliance on 
hired labor creates higher production costs, thereby reducing the economies of 
scale of the large-scale farmers. As a result, large-scale farmers have not been will-
ing to engage in export-oriented organic rice farming.

In contrast the smallholders have less land and capital, but have pursued organic 
agriculture to the greatest extent. For them, the conversion to organic agriculture 
requires greater self-discipline, yet they are interested in making this change 
because they can gain a higher profit and more security from the improved quality 
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of their land. Though the smallholders receive fewer economic benefits from their 
integration into the niche markets than the large-scale farmers, they prefer to prac-
tice organic agriculture because it helps them improve the fertility of their land and 
thus creates longer term livelihood security.
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Abstract Understanding the impact of weather variability on current agricultural 
production systems is of great importance for the development of strategies for 
adapting to and mitigating the potential impact of climate change on food security in 
the Mekong Delta of Vietnam. This essay assesses the impact of short-term weather 
variability on rice and aquaculture production, documents ways in which farmers 
have dealt with weather anomalies, and suggests strategies to adapt to weather and 
climate variability in the future. Statistical series data (1990–2008) and information 
collected from previous projects were analyzed. The probabilities of occurrences 
of weather anomalies were calculated and multiple regression analyses were con-
ducted to identify and estimate significant effects of various weather variables on 
yields of rice and fish or shrimp in both irrigated and coastal regions. The results 
showed that temperature and rainfall were the key weather variables that strongly 
influenced rice and shrimp production. Vulnerability levels to weather variability 
differed by crops, crop-development stages, cropping seasons, and regions. Rice 
production was found to be more sensitive to weather variability than was aqua-
culture, and shrimp production was more sensitive than was Pangasius catfish 
culture. The impacts became more severe during the early vegetative, flowering, 
and ripening stages of rice crops. The wet-season rice crop and the coastal region 
were more vulnerable to weather anomalies than the dry-season rice crop and the 
irrigated region, respectively. Local farmers have coped with temperature and rain-
fall anomalies in the past by applying appropriate farming techniques. Nonetheless, 
further measures for adapting to weather and climate variability are essential.
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24.1  Introduction

In the Mekong Delta of Vietnam, agricultural production and people’s livelihoods are 
highly susceptible to abnormal events in the Mekong River’s flow and in the weather 
and/or climate. The delta is a low-lying region, where the livelihoods of about 13 
million people, 70% of the total population of the area, mainly rely on agriculture 
and natural-resources exploitation. Hydrological conditions and soil characteristics, 
which are strongly linked, determine agricultural land uses in the delta (Nhan et al. 
2007). The delta is prone to monsoon flooding in the upper delta in the wet season 
and to salinity intrusion in downstream parts in the dry season. Recent studies have 
suggested that climate change and sea-level rise would have strong negative impacts 
on agricultural production and households in the delta (Wassmann et al. 2004; Carew-
Reid 2007; ADB 2009; MONRE 2009). Recognizing this challenge, the Vietnamese 
Prime Minister in 2008 approved the national target program that specifies three 
stages for coping with climate change up to 2015 (MONRE 2008). The program has 
been in effect for 2 years. However, the aspect of “adaptation to climate change” still 
seems to be at an early stage, and practical guidelines for the implementation of 
adaptation measures are also scarce (Heine 2009).

Rice culture and aquaculture are the principal farming activities of the agricultural 
sector in the delta. In 2008, around 1.8 million hectares of land in the delta were devoted 
to rice production and 0.8 million hectares of land were used for aquaculture. The delta 
accounted for 55% of the total amount of rice and 72% of total aquacultural production 
in Vietnam (GSO 2010). In the period 2000–2008, the amount of rice-land cultivated in 
the delta declined by an average of 1% annually, while the average annual growth rate 
of rice output in the region was 3%. The corresponding figures for the annual aquacul-
ture growth rate were 10% and 23%, respectively (GSO 2010). The main reason for the 
decline in the land area devoted to rice in the delta is that farmers converted rice land 
into shrimp farms in coastal areas during the 2000–2008 period. The fact that rice pro-
duction grew despite the fall in the amount of land in cultivation and the fact that aqua-
cultural output grew more rapidly than the amount of land devoted to aquaculture 
suggests a trend toward greater intensity in these farming sectors. Coastal shrimp and 
freshwater Pangasius culture are the main drivers of development in aquaculture.

In order to address issues relating to global climate change and food insecurity, 
the Vietnamese government in 2009 issued a national strategic plan for agricultural 
land use and food security to 2020. In this plan, the Mekong Delta is recognized as 
playing a crucial role in national food security. Therefore, understanding the effects 
of weather variability and the potential impact of climate change on rice and aqua-
culture systems in the delta is important for developing strategies for adapting to 
climate change in the future.

The agronomic literature dealing with climatic effects on agricultural production 
is large and has a long history (Rosenberg 2010). According to data from 
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ScienceDirect, literature on the impact of anthropogenic climate change on 
 agricultural and biological systems dates from the early 1980s, and the number of 
publications on this subject has rapidly increased since the early 2000s (Fig. 24.1). 
The studies on this subject mostly rely on simulation models to provide the esti-
mates of the impact of climate change on production (Rosenberg, 2010). For 
Vietnam in general and the Mekong Delta in particular, studies on the impact of 
potential climate change and sea-level rise are quite new (e.g., Wassmann et al. 
2004; Carew-Reid 2007; ADB 2009; MONRE 2009). These studies, too, rely on 
simulation models to project the potential impact of future climate change and sea-
level rise, based on pre-determined scenarios. In other words, there is still a lack of 
detailed, site-specific information regarding the climatic impact on agricultural 
production in the delta. We argue that in the past Mekong Delta farmers have dealt 
with climatic variability by modifying their farming practices. Understanding cli-
matic effects on current agricultural production systems is necessary to identify 
possible solutions to improving food-production systems in the face of climate 
change and dealing with food insecurity in the future. By integrating a combination 
of census-data analysis and participatory community and household appraisals, this 
essay quantifies the effects of short-term weather variability on rice and aquaculture 
production, and it subsequently suggests possible ways to improve current agricul-
tural production systems to effectively adapt to future weather variability and cli-
mate change.

24.2  Materials and Methods

24.2.1  Study Framework

To achieve the objective of the work, the present study integrated analyses of census 
data from the GSO (2010) and the CSO (2010) with participatory community-appraisal 
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data collected from previous projects.1 First, principal weather variables that have 
strongly impacted agricultural production were identified through participatory com-
munity appraisals conducted in representative research areas. Second, monthly values 
of the identified weather variables with different probabilities were calculated, based 
on data collected from provincial weather stations. Third, critical ranges and occur-
rence probabilities of the weather variables were identified and estimates of impacts 
on crop production were calculated with farmers’ assessments and linear-regression 
methods. Finally, farmers’ current measures to cope with climate change are described 
and strategies to adapt to climate variability in the future are suggested.

24.2.2  Data Collection

Participatory community appraisals were conducted in three districts: Vinh Thanh 
(Can Tho City), Tra Cu (Tra Vinh Province), and An Bien (Kien Giang Province). 
Vinh Thanh District is located in a flood-prone, freshwater, and irrigated zone, 
where intensive rice growing with two or three crops a year and freshwater fish 
culture are considered the major farming activities. The two other districts are 
located in coastal zones, where rice farming with two crops a year relies heavily on 
rainfall during the wet season, while black tiger (Penaeus monodon) shrimp farming 
totally depends on saline water from the sea in the dry season. For each district, two 
representative communes were identified, based on agro-ecological characteristics, 
from which one representative hamlet per commune was selected for data collection. 
For each hamlet, different dominant farming systems were determined. Focused 
group discussions were done with 7–10 people per farming system to get a general 
understanding of current farming practices, principal weather variables affecting 
crop production, and their occurrence time. Subsequently, household interviews 
were conducted with group members to estimate impacts on crop production.

Census data of An Giang, Can Tho, Hau Giang, Tra Vinh, Soc Trang, Bac Lieu, 
Cau Mau, and Kien Giang in the period of 1990–2008 were collected from yearly 
statistical books (CSO 2000, 2010; GSO 2010). Variables included monthly air 
temperature (mean, maximum, and minimum), monthly accumulative rainfall, and 
yearly yields of rice, fish, and shrimp.

24.2.3  Statistical Analysis

We applied statistical methods to analyze census data. We estimated monthly values 
of weather variables, which were considered to have significant impacts on crop 

1 (1) Hazard vulnerability and capacity assessments in Can Tho City of Vietnam in 2009, funded 
by Challenge to Change, and (2) improved agricultural water productivity for poverty reduction 
in coastal areas of the Vietnamese Mekong delta in 2008, funded by SEI-Asia.
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production, and the probability that such values would be exceeded by 10%, 25%, 
50% and 75%, assuming that data of the considered variables are log-normally 
distributed (Shahin et al. 1993). To confirm and further explain results obtained 
from farmers’ assessments, multiple linear regression methods were applied to 
assess the impact of weather variables on rice, fish, and shrimp yields. To meet the 
assumptions for multiple linear regression analysis, we tested the normality, the 
variance homogeneity, the autocorrelation, and the multicollinearity of variables 
considered. We used the forward stepwise method to select variables. The validity 
of the results from the representative models was assessed using non-parametric 
bootstrapping, which creates a validation sample by sampling with replacement 
from the original sample (Hair et al., 1998). Combined with farmers’ observations, 
the probability and multiple regression analysis allowed us to determine critical 
values and impacts of extreme temperature and rainfall on rice production.

24.3  Results and Discussions

24.3.1  Identification of Weather Variables Affecting Rice  
and Aquaculture

Results from participatory community appraisals show that anomalies in air tem-
perature and rainfall, which usually occur in the onset of the dry and wet seasons, 
caused negative effects on rice and fish or shrimp production. Monthly distribution 
of air temperature and rainfall with probabilities of exceedence (P) is shown in 
Figs. 24.2 and 24.3. Colder days usually take place in December or January (the 
onset of the dry season) while hotter days are almost always observed in April (the 
early period of the wet season). In April, the probability of the maximum tempera-
ture exceeding 34.5°C, 35°C, 35.5°C, and 36°C is 75%, 50%, 25%, and 10%, 
respectively (Fig. 24.2b). Similarly, in January, the probability of the minimum 
temperature exceeding 19°C, 20°C, 21°C, and 21.5°C is 75%, 50%, 25%, and 10%, 
respectively (Fig. 24.2c).

During the dry season (December–April), rainfall is light and some areas experi-
ence droughts. Peak rainfall occurs between July and October. In the irrigated zone, 
in February the probability of rainfall exceeding 2, 5, and 11 mm is 50%, 25%, and 
10% (Fig. 24.3a). In the coastal zone, the corresponding rainfall values at 50%, 
25%, and 10% probabilities are 1.5, 2.5, and 12 mm, respectively (Fig. 24.3b). 
During the dry season with low flows of the Mekong River, salinity intrusion occurs 
in the lower part of the delta. During the wet months, in contrast, local rainfall, 
combined with the heavy discharge of water from upstream on the Mekong River, 
causes monsoon floods in the upper delta between August and November. A com-
bination of local rainfall and the hydrological patterns of the Mekong River deter-
mines the seasonal cropping calendar of rice and shrimp culture in both the flood 
and coastal zones (Fig. 24.4). In irrigated and freshwater zones, rice culture and 
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aquaculture rely heavily on water from the Mekong River. During flood periods 
with high and prolonged inundation, however, rice cannot be grown. In the lower 
part of the delta along the coast, in contrast, rice production totally depends on 
rainfall during the wet season, while shrimp is grown during the dry season, using 
saline water from the sea.

In the irrigated zone, according to local people, extremely cold and/or rainy days 
occurring in January and February, when the rice crop is in flowering and ripening 
stages, would cause significant losses in the dry season (DS) crop. In addition, in 
the wet-season (WS) rice crop, abnormally hot days occurring during vegetative 
stages of the rice plant (April–May) would constrain rice production through limiting 
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rice tillering activity and the incidence of rice thrips (Baliothips bijomio). Moreover, 
more cloudy days with heavy rains in June would result in a decrease in yields of 
the wet-season rice crops through increasing rice-grain sterility.

For intensive Pangasius catfish culture, farmers observed that activity and food 
intake of fish became problematic on days of extremely low temperature in 
December and January. According to farmers’ evaluations, the negative effect of 
low temperature on Pangasius catfish production was reduced by appropriate inter-
ventions in farming techniques like deepening ponds, reducing feeding, adding 
vitamins and minerals into fish feed, and reducing pond water exchange rates.

In coastal areas, rice farmers encounter the same problems as those in the irri-
gated zone. Rice production is negatively affected by days of extremely low tem-
perature and/or abnormal rains in January–February. In addition, due to rain-fed 
rice production, the occurrence of droughts in May and June would cause water 
shortages for rice in vegetative stages and hence lower yields of the wet-season rice 
crop. Through simulation, Tuan and Chinvanno found that the average maximum 
temperature in the dry season would increase and that rainfall during the early 
periods of the rainy season would decrease. In the case of rice production in the 
coastal zone, adaptive strategies to combat severe drought stress are therefore 
necessary. For shrimp production, extremely high temperatures in the period of 
March–May and abnormal rainfall in the dry season would cause big changes in the 
pond-water environment, which in turn causes shocks for shrimp and hence harvest 
losses.

24.3.2  Assessments of the Impact of Weather Variability

24.3.2.1  Rice Production

Multiple regression analysis confirmed and further explained findings from farmers’ 
assessments. For the irrigated zone, the results showed that yields of the dry-season 
rice crop were positively affected by minimum temperature in January (i.e., panicle 
formation and/or flowering stages of the rice plant) and negatively affected by rain-
fall in January and February (i.e., from flowering, milking to ripening stages) 
(Figs. 24.4 and 24.5a). These predictor variables explain 15% of the total variability 
in rice yields. In the wet-season crop, rice yields were negatively affected by mean 
temperature in May, when the rice plant is in vegetative stages for the double rice-
cropping pattern or in panicle-formation stages for the triple rice-cropping pattern. 
In addition, rice yields decreased with increased rainfall in June. These predictor 
variables explained 44% of the total variability in rice yields of the wet-season crop 
(Fig. 24.5b).

For the coastal zone, as in the irrigated zone, abnormal rains taking place in 
January and February resulted in a significant decrease in yields of the dry-season 
rice crop (Fig. 24.6a). This rainfall anomaly accounted for 24% of the total vari-
ability in rice yields. For the wet-season crop, rice yields tended to be significantly 
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greater with higher rainfall in May and June and with lower temperature in April 
(Fig. 24.6b). These predictor variables explain 56% of the total variability in rice 
yields. In the coastal zone, rice production relies totally on rain water during the 
rainy season, and rice production is highly susceptible to the occurrence of severe 
drought stress during early periods of the rainy season. In this zone, droughts lead 
not only to water shortages for the rice plant but also to soil acidification and salini-
zation, due to acid sulphate soils and salinity intrusion from the estuary, which in 
turn adds more negative effects on rice production (Nhan et al. 2008). Looking at 
significance levels (P) and coefficients of determination (R2), one can find that the 
negative impacts of temperature and rainfall anomalies on rice production were 
more significant during the wet season and for the coastal zone than for the dry-
season crop and the irrigated zone, respectively. In adapting rice production in the 
delta to future weather and climate variability, we therefore need to pay more atten-
tion to the wet-season rice crop and to the coastal zone.

Farmers estimated the impact of temperature and rainfall variability on rice pro-
duction and the frequency of occurrence of abnormal variation for both the dry season 
and the wet season in the irrigated zone as well as the coastal zone (Table 24.1). 
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For the dry-season rice crop, abnormally low temperatures or abnormal rains in 
January–February were estimated to occur every 3–4 years, which caused yield loss 
of about 0.6 tons per hectare, accounting for about 10% of the normal yield. For the 
wet-season rice crop, in the irrigated region farmers perceived that extremely hot 
temperatures in May occurred every 3–4 years, causing yield loss of 5% of the 
normal yield. In addition, they estimated that high levels of rainfall in June – levels 
that would cause yield loss of about 10% of normal yield – occurred every 2 years 
(Table 24.1). In the coastal zone, in contrast, water scarcity in early rainy periods is 
an important problem for the wet-season rice. According to local farmers, an 
extreme drought occurs once every 5–6 years, which would reduce the rice crop by 
1.8 tons per hectare, accounting for about 40% of the normal yield.

Based on farmers’ estimates of abnormal weather variation, critical values and 
impacts of extreme temperature and rainfall were determined through both proba-
bility and multiple regression methods. As mentioned earlier, statistical results 
revealed that there is 25% probability that the lowest temperature in December or 
January is below 19°C. Through a multiple regression equation, it was calculated 
that in January in the range of 18–22°C, for each 1°C drop, yield decreases by 0.12 
tons paddy per hectare in the irrigated region. Similarly, in April with 25% proba-
bility that the highest temperature is above 35.5°C, and if the temperature is greater 
than 34°C, for each 1°C increase the yield would decrease by 0.38 tons of paddy 
per hectare. Our results are consistent with those of Yoshida (1981) on the critical 
importance of temperature for the development of rice plants at different growth 

Table 24.1 Estimates from farmers’ perception and statistical analysis on the occurrence and 
impacts on rice yields of weather variability in irrigated and coastal regions in the Mekong Delta

Weather variability 
by crop

Farmers’ estimation Statistical calculationa

Return  
period 
(years)

Yield  
losses  
(tons paddy) Value

Return 
period 
(years)

Yield losses  
(tons paddy)

Dry-season crop
Low temperature 

in Jan
3–4 0.6 <19°C 4 0.12 for each 1°C 

decrease
Rainfall in Feb 3–4 0.6 >10 mm 4 0.3–0.4 for each 

10 mm increase

Wet-season crop
Extremely hot 

temperature in  
May (irrigated  
region)

3–4 0.3 >35°C 4 0.38 for each 1°C 
increase

Heavy rainfall in 
Jun (irrigated 
region)

2 0.6 >250 mm 2 0.2 for each 
100 mm 
increase

Droughts in May 
(coastal region)

5–6 1.8 <50 mm 4 0.6 for each 
100 mm 
decrease

aEstimates are obtained from multiple regression models (Figs. 24.5 and 24.6)



44724 The Impact of Weather Variability on Rice and Aquaculture Production

stages in tropical regions. According to him, extreme temperature at the productive 
stages of the rice plant, especially at anthesis (i.e., 9 days before and at heading), 
results in grain sterility in a high percentage of plants.

Similarly, we determined critical rainfall and quantified its impacts on rice pro-
duction. In February with 25% probability the rainfall was observed to be greater 
than 10 mm. For each 10-mm increase, a harvest loss is estimated of 0.3 tons of 
paddy per hectare in the coastal region or 0.4 tons of paddy in the irrigated region. 
By the same method, we determined critical rainfall in May and June and quantified 
its impacts on rice production in both irrigated and coastal zones (Table 24.1).

24.3.2.2  Aquaculture Production

Regarding the effects of extreme temperature and rainfall on intensive Pangasius 
catfish production, statistical data analysis did not reveal any significant impact. 
Farmers’ measures in coping with weather variability in Pangasius catfish production 
could be the reason. For shrimp production, the regression analysis shows the signifi-
cantly negative correlation of mean air temperature in April and in May with shrimp 
yields (Fig. 24.7). According to this relationship, the variability of mean temperature 
in April and in May explains about 35% and 21% of the total variance of shrimp 
yields, respectively. With these correlations, shrimp yields would decrease by 160 kg 
per hectare or 90 kg per hectare for each 1°C increase (in a range of 27.5 and 29.5°C). 
The probability of mean air temperature exceeding 28°C is 75% in April and 50% in 
May (Fig. 24.2a). On hot days in April and May, the maximum temperature of the air 
usually exceeds 34°C (Fig. 24.2b), which is greater than the optimum temperature 
range for many shrimp species (Piyakarnchana et al. 1975). Pond water tends to fol-
low the general trends of temperature in the surrounding air. Extremely high tempera-
ture would cause, both directly and indirectly, negative effects on shrimp as well as 
the pond-water environment and hence on growth and survival of shrimp (Delince 
1984). Previous studies reported that coastal shrimp farming is economically risky 
(Preston and Clayton 2003; Joffre and Bossma 2009).

24.3.3  Measures of Coping and Adapting to Weather Variability

24.3.3.1  Coping Measures

Local farmers and extension workers have improved farming techniques and insti-
tutions to cope with extreme temperature and rainfall. Coping measures have been 
mostly applied at the farm level. For irrigated rice production, farmers have applied 
integrated nutrient management to enhance rice-plant health and allow the rice 
to better tolerate weather anomalies while reducing agro-chemical input costs. 
Earlier maturity cultivars with hard straw have been grown to minimize risks of 
extreme weather conditions in both dry and wet-season crops. For rain-fed rice 
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production in the coastal zone, the rice crop is determined after consideration of 
rainfall distribution, the amount of freshwater available in irrigation canal systems, 
soil moisture content, and mid-range weather forecasts by local weather centers. In 
addition, farmers have modified their rice fields by digging small ditch systems 
in order to drain surplus rain water, to store rain water for maintaining soil mois-
ture, and for preventing acidity from moving up from deep soils during soil- oxidation 
processes. Furthermore, farmers have extracted ground water to irrigate crops in the 
dry season. This measure, however, is not advocated by the government. The use 
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Fig. 24.7 The relationship of mean air temperature in April (a) and May (b) with shrimp yields. 
Regression line with the confident level at 95%, significance (P), the coefficient of determination 
(R2), and the regression equation. Data collected from Tra Vinh, Soc Trang, Bac Lieu, and Ca Mau 
provinces were employed
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by farmers of rice cultivars that can tolerate drought, salinity, and/or acidity has still 
been limited, due to the scarcity of such cultivars.

For intensive Pangasius catfish farming, farmers seem to deal effectively with 
weather variability using appropriate farming techniques as mentioned earlier. For 
shrimp production, farmers have grown Scirpus littoralis (Schrab) in shrimp farms 
at an appropriate density to stabilize the temperature and aquatic environment of 
shrimp ponds. In addition, farmers also deepen shrimp ponds or irrigate the pond 
with a greater amount of water to ensure that the temperature of the pond water 
does not become too hot. Furthermore, farmers have excavated deep peripheral 
trenches within the pond for the shrimp to seek shelter on hot days.

Nhan et al. (2008), analyzing the improvement of agricultural-water productivity 
in the Mekong delta’s coastal region, reported that under the same agro-ecological 
system, water-use ability, and efficiency of resource-poor households are lower 
than in richer households, even though more support policies are given to poorer 
people by the government. This would suggest that the effectiveness of various 
coping measures is also influenced by the resources of households. Coping mea-
sures and interventions appear to be not enough to further improve the livelihoods 
of rural poor people.

24.3.3.2  Adaptation Measures

According to Maclver (1998), “adaptation is an important component of an integrated 
and balanced strategy to climatic variability. Adaptation is largely a time-dependent, 
location-specific learning process.” A systems approach, which includes integral 
components regarding agricultural-production systems, food security, rural people’s 
livelihoods, and combined “bottom-up” responses and “top-down” policy making, 
is needed. Such an approach is not new, but there is a gap between theoretical 
knowledge and its application in real situations. Successful climate-change adapta-
tion and vulnerability reduction is rarely undertaken with respect to CC alone, and 
vulnerability reduction appears to be most effective if undertaken in combination 
with other strategies and plans at various levels (Smit and Wandel 2006).

In recent decades, the Vietnamese government has invested a great deal of 
money in developing irrigation systems in both irrigated and coastal zones. Such 
actions have facilitated coping measures by farmers, which seem to be successful 
at the farm level. For rice, appropriate seeding, proper cognizance of the length of 
the crop season, and selection and development of rice varieties with short-growth 
duration with different abilities to tolerate high temperature, drought, and salinity 
are necessary. For aquaculture, selection and development of fish/shrimp species 
that tolerate extreme temperature is of great importance in the future. In order to 
promote adaptation, technical measures need to be integrated to provide farmers a 
choice of technological packages appropriate for specific contexts rather than one 
generic package of technologies. A technological package would include relevant 
components such as adaptive cultivars, site-specific information regarding farming 
practices and integrated farming systems, and specific advice on how to manage 
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agricultural water so as to adapt to weather and climate variability. In addition, 
crop-yield forecasting and simulation need to be applied to predict crop growth or 
production from the time of the forecast up to the time of harvest and to identify 
measures for minimizing crop vulnerability and risk due to weather fluctuations 
and climate variability (Bouman et al. 1997). Such risk-reduction measures are still 
new in the Mekong Delta. Moreover, the fact that at present weather forecasts are 
only made with lead times of a few days to a few weeks is still a constraint.

In addition, efforts to improve the agricultural sector’s ability to adapt to weather 
and climate variability, which are usually made at farm scale, need to be reconsid-
ered and placed in broader, more dynamic, and more heterogeneous contexts – the 
livelihoods of rural people and food security, for example – and taken from house-
hold, to regional, national, and even global scale (Ingram et al. 2008). In so doing, 
adaptation options developed will not only be made effective in terms of agricul-
tural production but also more robust in terms of environmental and economic 
policy. Agriculture production in the delta has faced increasing challenges from 
weather and climate variability. Such challenges put more pressure on the govern-
ment to develop appropriate policies to enhance the adaptability of farmers. It is 
therefore necessary to integrate the “top-down” scenario-based approach with the 
“bottom-up” vulnerability-perspective approach (Wall and Smit 2005). By assess-
ing the impact of policies, analyzing the adaptability of local people, and identify-
ing the factors that enhance or discourage adaptability, vulnerability assessments 
can help to improve agricultural policy. In Vietnam, however, the integration of the 
two approaches seems to be limited.

24.4  Conclusions

This essay has focused on the vulnerability of rice and aquaculture to temperature 
and rainfall variability in both irrigated and coastal zones in the Mekong Delta, and 
it has suggested strategies to improve the ability of current agricultural systems to 
effectively adapt to weather and climate variability in the future. Impacts of tem-
perature and rainfall variability differ with different crops, the development stages 
of crops, and by season and region. The impacts on rice production are more clear-
cut than on aquaculture production. Shrimp production is more directly sensitive to 
weather variability than is Pangasius catfish production. The impacts become more 
severe during the early vegetative, flowering, and ripening stages of rice crops. The 
wet-season rice crop and the coastal region are more vulnerable to weather anoma-
lies than the dry-season rice crop and the irrigated region. So far, the measures 
farmers have used to cope with weather variability are mostly immediate ones. 
Sustainable rice and aquaculture for food security will require adaptation strategies 
to weather variability and climate change. Technical solutions for coping are avail-
able and should be further improved. Policy support for agricultural research and 
development is of great importance for the realization of such solutions. More 
attention should be paid to the coastal zone.
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