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Foreword

Cost-benefit analysis (CBA) as a technique to help decision makers make

investments, assess regulations, and assess difficult public policy tradeoffs has

been around for over 50 years. What makes another book about cost-benefit unique

and worth reading?What does a reader have to learn? This book is different because

it focuses on pragmatic issues in Southeast Asia examined by researchers from

the region. As sponsor of the research, the Environment and Economy Program of

Southeast Asia (EEPSEA) mentors each researcher to help create studies that can be

used in the classroom and help inform decision makers. EEPSEA researchers

participate in workshops and training courses where they get valuable feedback

on their work and hands-on experience working with international experts. The

studies in this book should thus appeal to a wide audience who want to see how

economic techniques are applied in practical settings and also learn about critical

environmental and resource issues in Southeast Asia. A variety of economic tools

are used: benefit cost analysis as well as cost effectiveness and multi-criteria

analysis. In this way they “triangulate” on the benefit and cost estimates using

multiple methods. Many of the studies examine policies rather than facilities or

projects as is common in traditional benefit cost analysis. One area of particular

importance is the estimation of the benefit side of cost-benefit analysis. Benefits

create measurement problems for the analyst, and in many studies are ignored or

measured very crudely. The result is an over-emphasis on the cost side amongst

policy makers rather than a fulsome look at the total picture. This one-sided

approach can lead to decisions that are not in the best interests of society.

Part I, Chap. 1, introduces the purpose of the text, the regional setting, and the

role of EEPSEA. Chapter 2 provides the historical context for CBA and covers the

core concepts and conceptual bases fundamental to a CBA study. Part II focuses on

studies in the natural resource areas of agriculture, forestry, and fisheries. The first

two chapters in part 2 compare the cost effectiveness of biofuels to conventional

fossil fuels in reducing greenhouse gases (GHGs) and other pollutants. In Chap. 3,

Wang explores under what circumstances biodiesel from a plant (Jatropha curcas)
would be competitive with fossil fuels using a lifecycle analysis methodology.
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A financial analysis shows that biodiesel is not competitive. But if yields of the

plant are improved and/or carbon emissions from fossil fuels are priced in a more

fulsome social cost and benefit accounting framework, biodiesel becomes more

competitive. The study illustrates the value of undertaking a lifecycle approach

as well as considering the environmental costs and benefits of alternative fuels.

Thanh in Chap. 4 also compares the cost effectiveness of biofuels – ethanol and

biodiesel – to fossil fuels in a lifecycle analysis for Vietnam and finds that

improvements in biofuel productivity are needed to make biofuel as cost efficient

as fossil fuels. Ethanol, however, can compete favorably with fossil fuels if used in

a fuel efficient vehicle.

Turning to agriculture, Launio and co-authors in Chap. 5 also use cost effec-

tiveness to assess methods to alter farm management practices. Rice straw,

a by-product of rice production, is typically treated as waste by farmers, and

when burned emits methane (a GHG) and nitrogen oxide. The authors use produc-

tion functions to estimate the magnitude of the problem and assess the cost

effectiveness of alternative government policies and farm management practices

to reduce carbon emissions. Ranking the options, they find that on-farm practices of

incorporating straw stubble into the soil, followed by composting, are the most cost

effective.

Economic models of forest management traditionally focused only on maximiz-

ing the net value of timber harvests. In recent years, researchers have incorporated

the benefits of sequestering carbon in timber into a theoretical model of optimal

forest harvests. Nhung’s paper in Chap. 6 finds that land holders harvest timber at a

younger age than what the theoretical model yields when carbon sequestration is

included. The challenge is to find policies that provide incentives for land owners to

delay harvests. Payments to farmers to increase the rotation interval – a lump-sum

payment of carbon benefits at the beginning of the rotation – and a planting cost

subsidy are explored.

How can land be used to benefit both the land holders and the environment? Yem

and co-authors in Chap. 7 compute the net social benefits of land managed as large

scale rubber plantations compared to smallholder rubber plantations in Cambodia.

Their study shows the importance of incorporating the social component – the

impact of land conversion on the local population. Conversion from crop produc-

tion (maize, soybean, cassava, and cashew) to smallholder rubber plantation pro-

vides the largest benefit to farmers involved in those conversion schemes.

Removing the natural forest and converting the land to large-scale rubber plantation

ranks last among their options.

The final chapter in Part II explores policies to reduce water pollution from

inland aquaculture practices in Vietnam. Lang and co-authors compute the cost

effectiveness of different waste management approaches and add an important

component to their technical analysis – consultations with fish farmers on the

practicality of different policies. The authors recommend three policy directions:

the establishment of fish planned zones to help create concentrated wastewater

treatment systems and reduce treatment costs; set and enforce emission standards;
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and set up an environmental fund to provide long-term loans with preferential

interest rates to fish farmers to enable them to build treatment systems.

Part III contains two papers on river basin management – developments of river

basin resources. Project evaluation of such development projects typically entails

evaluation of benefits and costs with and without the project. In Chap. 9,

Thoradeniya examines a reservoir development project in this framework, but

also includes stakeholder involvement and a range of nonmarket values. Limited

information was available for the environmental valuation and demand analysis –

but the researcher found various ways to approximate the values. The most novel

aspect of this study is that the study incorporated stakeholders and communities in a

validation/calibration approach to assess valuation and benefit cost analysis.

Gunaratne also examines a resource development project and evaluates options

for a sand mining project, but in addition to benefit cost analysis, he employs multi-

criteria analysis to evaluate the options. As input into the analysis, the preferences

of workers are incorporated (via choice modelling) and expert opinion is also

employed. Both of these project evaluation examples use multiple methods, stake-

holder input, and an array of other sources to inform project selection.

Part IV of the volume focuses on economic analysis of protected areas. Eco-

nomic analysis of protected areas has been hampered by the lack of information on

various benefit categories (non-timber forest products, recreation/tourism, threat-

ened species benefits, etc.). The authors of these chapters recognize these limita-

tions and either collect primary data or employ benefit transfer techniques. What is

also admirable is that in many cases the papers augment the formal benefit cost

analysis with stakeholder interviews as a form of “calibration” or as a method to

include political feasibility or distributional aspects of the issue within the problem

analysis. In Chap. 11, Baylatry et al. evaluate multiple outputs (market and non-

market) including soil erosion, forest carbon, tourism and other economic outputs.

In some cases they rely on benefit transfer while in others they collect primary data.

Hou et al. assess community forestry policies in Cambodia in Chap. 12. Their

analysis also includes multiple categories of outputs such as timber, water and other

services and they obtain primary data in many of the cases. In Chap. 14,

Roongtawanreongsri et al. examine the possible options for a suburban forest

area of southern Thailand. In this case the range of benefits examined in assessing

land use options includes timber, water supply, carbon, flood control and biodiver-

sity. This study also discusses some rather unusual benefit categories that have not

been addressed in much of the literature. While there are clearly limitations in the

availability of information on biological and economic factors like biodiversity and

flood control, this study, like most in this volume, uses various sources of data or

benefit transfer techniques. This study also raises questions about benefits capture

(is there a way to capture or monetize the nonmarket values) and the fact that the

benefit cost analysis is only the first step in policy development. The discussion of

the establishment of a payment for ecosystem services program to actually imple-

ment the protection program illustrates the role that benefit cost analysis can play in

aiding policy design.
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Jian et al. employ cost effectiveness analysis rather than full benefit cost analysis

in their assessment of wetland conservation in Chap. 14. They also use multi-

criteria analysis to compare the policy options. This interesting study recognizes

the distributional aspects of benefit cost analysis or cost effectiveness analysis by

engaging with stakeholders and searching for a policy option that results in a

relatively efficient yet equitable outcome.

The last three papers in the volume in Part V examine adaptation to climate

change and the evaluation of projects that may protect against adverse effects of

climate change. Arias et al. in Chap. 15 examine the benefits and costs of construc-

tion of coastal infrastructure to protect against the impacts of sea level rise in the

Philippines. A major component of the analysis is the assessment of areas affected.

A set of advanced techniques are used to forecast the impacts. Values of properties

as well as environmental values (measured using benefits transfer) were incorpo-

rated into the analysis. Danh examines a similar issue when investigating the

benefits and costs of a sea dike. This study rigorously incorporated risk analysis

and sensitivity analysis to identify the variability of benefits and costs over time.

The timing of the construction of the dikes is also an issue in this case, suggesting

the possibility of a real options analysis in future research. In contrast to the

previous studies, Arias et al., in Chap. 17, use the demand for early warning services

as valued by individuals affected to determine the benefits of climate adaptation

projects. This set of three papers illustrates the wide range of methods, components

of value, and a variety of technical approaches to sensitivity analysis to evaluate

options for mitigating the effects of climate change. While all three studies find

options that appear to be the best to use to combat the effects of climate change,

such as building sea dikes, they all also recognize the sensitivity and uncertainty of

these outcomes.

The papers in this volume illustrate the challenges in conducting benefit cost

analysis in areas involving environmental values (e.g. nonmarket values), uncer-

tainty due to a lack of information, or an inherently variable system (e.g. climate

change). The researchers employ a number of different methods to address these

challenges, including stakeholder input, methods that attempt to triangulate the

benefit cost analysis, or other novel approaches. While there are many uncertainties

about the accuracy of the value estimates and others aspects of these studies, as

there often are with any benefit cost analysis, the papers in this volume are creative,

attempt to use multiple methods and employ sensitivity analysis in various ways to

do the best with limited data. The result is a set of informative examples of benefit

cost analysis involving environmental challenges in Southeast Asia.

University of Alberta

Edmonton, AB, Canada

Vic Adamowicz

Simon Fraser University

Burnaby, BC, Canada

Nancy Olewiler
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Preface

As a regional organization tasked with developing the capacity of Southeast Asian

researchers in environmental economics research to inform policy formulation in

the region, the Economy and Environment Program for Southeast Asia (EEPSEA)

has supported a number of researchers over the years through its research grant

program. Among the various methods used by EEPSEA researchers in conducting

policy relevant studies is cost-benefit analysis (CBA). For this book, we selected

15 studies that highlight how CBAwas used to understand and/or evaluate solutions

to natural resource and environmental problems. The aim is to provide researchers

with reference material that demonstrates how they can use CBA to support

improved natural resource and environmental management in their own countries.

The studies were carried out in a developing country setting where data avail-

ability – and sometimes expertise to implement such research – has a bearing on the

quality of the analysis. Hence, we were guided by two main goals in selecting cases

for this book. Firstly, we wish to demonstrate that, despite such problems,

researchers can still generate meaningful results that can help decision makers.

Secondly, we wish to provide teachers in the region with useful discussion and case

materials showing how they can improve the application of CBA to achieve a better

environment. This latter objective is consistent with EEPSEA’s mandate and with

what our donors – the International Development Research Centre (IDRC), the

Swedish International Development Cooperation Agency (Sida) – and our host

organization, WorldFish, expect us to deliver as part of their development support

for researchers in Southeast Asia and China.

I want to thank the people whose tireless efforts helped produce this book: our

lead editor, Dr. David James, who also guided most of the researchers in this

collection during the conduct of their studies; Dr. Canesio Predo for co-writing a

chapter in this book and for his logistical support to the project; and Dr. Noor Aini

Zakaria, Julienne Bariuan-Elca and Mia Mercado for their logistical support in

communicating directly with the authors and in getting the book into its present

form. Finally, we want to thank the various researchers for their contributions in

transforming their studies into versions appropriate for inclusion in the book and for
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agreeing that their studies could be used as teaching cases to train future researchers

in this field.

Southeast Asia is endowed with rich natural and environmental resources. About

half of the world’s terrestrial and marine biodiversity resources are found in the

region. Unfortunately, many of the region’s resources are in varying states of

degradation and depletion, clearly indicating the need to improve their management.

To do so requires the use of various tools that different disciplines have to offer. In the

case of economics, the field offers several tools capable of determining how to

manage these valuable limited resources more efficiently or cost-effectively – CBA

being one of them. As such, I hope this book provides useful insights into the

importance of these CBA studies as a means of identifying best courses of manage-

ment action.

Los Banos Laguna, Philippines Herminia A. Francisco
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Part I

Guide to Cost-Benefit Analysis and Case
Studies



Chapter 1

Introduction

Herminia A. Francisco and David James

Abstract Southeast Asia (SEA) is home to 600 million (Brown, Southeast Asia:

region on the rise, Inbound logistics, January. www.inboundlogistics.com, 2013)

living in about 20 % of its 4.5 million km2 land area (ESCAP, Review of the state of

the environment in Asia and the Pacific. Report to the 5th ministerial conference on

environment and development, Bangkok, 2005). The region comprises mainland

SEA (Cambodia, Lao PDR, Myanmar, Thailand, and Vietnam) and maritime SEA

(Brunei, East Timor, Indonesia, Malaysia, the Philippines, and Singapore). The

population growth rate declined from 2.26 % per annum (1980–1985) to only

1.33 % per annum (2000–2005), but it is still more than 2 % for the Philippines,

Malaysia, Brunei, and East Timor (Jones, The population of Southeast Asia, ARI

working paper #196, Asia Research Institute, National University of Singapore.

www.nus.ari.edu.sg/pub/wps.htm, 2013). With a large population base, the region’s
growing population will place continuing pressure on its natural and environmental

resources.

Keywords Southeast Asia • Environment • Natural resources • EEPSEA

• Valuation

Overview of Environmental Problems in Southeast Asia

Southeast Asia (SEA) is home to 600 million (Brown 2013) living in about 20 % of

its 4.5 million km2 land area (ESCAP 2005). The region comprises mainland SEA

(Cambodia, Lao PDR, Myanmar, Thailand, and Vietnam) and maritime SEA

(Brunei, East Timor, Indonesia, Malaysia, the Philippines, and Singapore). The

population growth rate declined from 2.26 % per annum (1980–1985) to only

1.33 % per annum (2000–2005), but it is still more than 2 % for the Philippines,
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Malaysia, Brunei, and East Timor (Jones 2013). With a large population base, the

region’s growing population will place continuing pressure on its natural and

environmental resources.

Rapid economic growth is a major driver of the loss and degradation of the

region’s natural and environmental resources. This growth (about 5 % per year in

the last decade) is due in part to the greater economic integration of SEA with the

fast-growing economy of China and the rising world demand for its primary

products. This trade dependency is quite high as indicated by a trade-to-gross

domestic product (GDP) ratio of more than 150 % (Brown 2013). An even higher

growth rate is thus expected with ASEAN economic integration in 2015. Poverty

levels have improved overall, but disparity in income levels persists widely across

countries. Myanmar’s per capita GDP is the lowest in the region at USD849, while

Singapore’s per capita GDP is USD49, 936 (Das 2013). Furthermore, the number of

poor people remains high for many countries (i.e., 33 % in Myanmar, 2007; 31 % in

Cambodia, 2007). Many of the poor have high dependence on natural resources for

subsistence and livelihoods.

How fast is the region losing its natural resources? From 1990 to 2005, the

region’s forest resources went down from 55% of the land area to 45% (203 million

hectares). This represents an annual forest loss rate of 1.35 % (2.75 million

hectares) compared to the world average of 0.2 % (FAO 2006a). The forest loss

is higher for countries like the Philippines, Cambodia, and Indonesia (FAO 2006b).

It is worth noting that the SEA region’s forest, which averages 45 % of land area, is

still higher than the broader Asian average of 18 % and the global average of 30 %

(UNEP 2004). However, the United Nations Economic and Social Commission for

Asia and the Pacific (ESCAP) 2005 Review of the State of Environment in Asia and

the Pacific pointed out that because the region has a big population, its biological

and land resources on a per capita basis are lower than the global averages of 60 %

and 80 %, respectively. This big population is projected to increase by 19 %

(113 million people) from 2010 to 2030 (Jones 2013).

Forests are an important source of wood and rich biodiversity resources. About

half of the world’s terrestrial and marine biodiversity resources are found in SEA.

The mega diversity countries of Malaysia, the Philippines, and Indonesia are home

to 80 % of the global biodiversity resources (UNEP 2004). The loss of forest

resources, particularly those due to land use changes, contributes to greenhouse

gas (GHG) emissions. Hooijer et al. (2006) estimated that 12 million hectares of the

27 million hectares of peatland forest in SEA was deforested from 1995 to 2005.

Indonesia is responsible for most of the GHG emissions, resulting mainly from the

rapid degradation of its peat swamp forest.

Excessive logging, land use conversion to agriculture (both small scale and for

plantation crops like oil palm and rubber), and expansion of settlement areas

contribute to the rapid loss of forest resources in the region. Rola and Coxhead

(2005) have pointed out that government-sanctioned timber extraction, motivated

by the need to consolidate political power, has played a major role in the rapid

depletion of forest resources in the region.
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The region is also endowed with rich coastal resources, comprising mangroves,

coral reefs, and sea beds that support a rich variety of marine animal and plant

species. These ecosystems support extensive fisheries, making SEA a major pro-

ducer and consumer of fish products globally. The region has 35 % of the world’s
total mangrove resources (4.9 million hectares), 60 % of which are found in

Indonesia. The region’s mangroves are more developed and are the most diverse

in the world (Giesen et al. 2006; FAO 2004; Wilkie and Fortuna 2003). In terms of

coral reef resources, the coral triangle, home to about a third of the world’s coral
reefs, is found between Indonesia, Malaysia, and the Philippines. This marine area

is home to 600 species of reef-building coral and 3,000 species of reef fish. It

supports more than 100 million people who depend on marine-based industries

(Kool et al. 2011).

Mangroves and coral reefs are under serious threat despite their huge ecological

value. Perhaps, this in itself is the main problem. Their biggest contributions in

terms of their ecological services (e.g., fish habitat, nursery and spawning grounds,

and protection against shoreline erosion and storms, among others) are often

unrecognized and indirect. Thus, their economic values are not fully appreciated,

leading to their rapid loss. From 1980 to 2005, 20 % of the total preexisting

mangrove area in 1980 (3.6 million hectares) was lost, representing a loss of

1,000 km2 per year (FAO 2007). Rapid mangrove conversion to fishponds, exces-

sive harvesting of wood products, excessive fishing coupled with the use of

destructive harvesting practices, land reclamation, pollution, and sedimentation

have all contributed to the loss of mangrove resources and to the destruction of

coral reefs. In addition to these, climate change poses an even bigger threat to the

coral reef ecosystem through increasing acidification and coral bleaching. About

40 % of the region’s reefs are already lost, 45 % are under threat, and 15 % are

under low threat (Hoegh-Guldberg et al. 2009).

SEA’s environmental resources are under threat also from its growing popula-

tion and expanding urbanization and rapid industrialization that often accompany

rapid economic growth. These conditions bring about a host of problems related to

water pollution, air pollution, growing volume of solid waste, and congestion. An

Asian Development Bank Institute (ADBI) working paper showed that, based on

data for 2000–2004, the concentrations of major pollutants (e.g., PM10, SO2, and

NOx) in major Asian cities have already exceeded the standards set by WHO

guidelines (Howes and Wyrwoll 2012). These cities include Metro Manila, Bang-

kok, Jakarta, Kuala Lumpur, Ho Chi Minh, and Hanoi.

Water supply and water quality issues continue to place pressure on water

resources. With a growing population, the region expects the water demand for

agriculture, industrial use, and urban usage to grow significantly. Likewise, water

pollution is already a major concern for most urban centers in the region. Water

pollutants include pathogens, organic matter, nutrients, heavy metals and toxic

chemicals, sediments and suspended solids, silt, and salts. The large populations

and rising affluence in Asian cities are already creating a big challenge in solid waste

management. In 1999, urban areas in Asia generated 2.7 million m3 of solid waste.

This has been expected to grow to 5.2 million m3 in 2025 (World Bank 1999).
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Role for Environmental Economics Research in SEA

The previous section describes major problems confronting SEA countries in terms

of their natural and environmental resources. The population is big and is still

growing. Poverty levels have improved but income disparity has not. Vested

interest groups, often with favorable political connections, control a large portion

of the region’s natural resources, while those with very limited economic means are

left to depend on a very small portion of the natural resource pie. This situation and

the availability of jobs in urban centers have driven growing urbanization, resulting

in pollution problems in cities. It is clear that such a pattern of economic growth,

which depletes the region’s natural capital base and damages the environment, is

not sustainable or desirable. The issue of sustainability compels us to look into the

rate of resource depletion and the associated costs. The issue of desirability requires

us to take into account the cost of using limited natural resources to society,

particularly costs arising from resource depletion and degradation and environmen-

tal pollution. Environmental economics, coupled with institutional analysis and

behavioral economics studies, has much to offer in terms of helping the region to

address both the sustainability and desirability issues relating to natural and envi-

ronmental resource use.

The Economy and Environment Program for Southeast Asia (EEPSEA) was

established in May 1993 to support research and training in environmental and

resource economics. Member countries are Cambodia, China, Indonesia, Lao PDR,

Malaysia, Myanmar, the Philippines, Thailand, and Vietnam. Sri Lanka, while part

of South Asia, was a member of EEPSEA for many years. The Program is supported

by the International Development Research Centre (IDRC), the Swedish Interna-

tional Development Cooperation Agency (Sida), WorldFish, and the Canadian

International Development Agency (CIDA).

EEPSEA’s main objective is to enhance local capacity to undertake economic

analysis of environmental problems and policies. A networking approach is

adopted, involving training courses, meetings, technical support, and access to

literature and opportunities for comparative research. The Program supports vari-

ous kinds of research projects on priority national environmental and natural

resource management concerns in SEA.

Since its inception, EEPSEA has supported more than 300 research grants. The

distribution of research grants by subject matter is shown in Fig. 1.1. From 1993 to

2006, forest resource issues dominated the research focus of EEPSEA-supported

projects. This was followed by pollution control issues and by research on water

issues and marine and coastal resources. From 1997 to the present, research on

climate change adaptation (and a few, on mitigation) became the dominant theme

of EEPSEA-funded studies. The dominant themes of EEPSEA research continually

evolve to reflect current main issues. In the last 5 years, the pressing issues have

been climate change, pollution, marine and coastal resources, forest management,

and water resource issues.
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In terms of topical focus, valuation research conducted by EEPSEA is declining

in favor of a growing interest in policy analysis and cost-benefit analysis (CBA)

studies (Fig. 1.2). While the derivation of economic values associated with natural

resources and the environment has always been a major focus of EEPSEA research,

there is now much greater emphasis on applying such values in the evaluation of

policies or projects. Indeed, suggestions for policy or management responses often

accompany the technical analyses that are undertaken. The coverage of the case

studies appearing in this volume attests to the practical role that evaluation tech-

niques such as CBA can play in managing natural resources and environment

within the SEA region.

Fig. 1.1 Research focus of EEPSEA-supported projects over the years

Fig. 1.2 Topical focus of EEPSEA-funded studies over the years
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Aims of the Book

This book has two main aims. The first is to present a selection of case studies

undertaken by EEPSEA researchers, highlighting the wide range of environmental

issues challenging policymakers in the SEA, as well as the practical advantages that

CBA can provide by way of decision support. The studies demonstrate that, despite

some of the limitations that researchers face, useful information can still be

provided for policy and management purposes. In many cases, the research has

led to important policy initiatives.

The second aim has been to produce a set of analytical guidelines and demon-

stration case studies that can be used by teachers in the region in educational

programs and future research, showing how they can improve the application of

CBA to achieve a better environment. Already, the programs conducted by

EEPSEA with donor support over the years have helped to enhance the careers of

teachers and researchers in the region, strengthening their positions in universities

and research institutions and creating new opportunities for them to act as expert

advisers or participants in government and in the broader community.

Outline of the Book

The book contains studies from most of the countries in Southeast Asia, including

China, Vietnam, the Philippines, Cambodia, Thailand, and Lao PDR. Two studies

are included from Sri Lanka.

Common themes in environmental and natural resource management are

represented in separate parts of the book. Each of the case studies selected com-

prises a shortened version of a fuller report submitted to EEPSEA on completion of

a research project. Most of the full studies can be accessed on EEPSEA’s website:
www.eepsea.org.

Part I of the book is introductory. It includes the present chapter. Chapter 2

presents and discusses general principles of CBA, including the analytical tech-

niques and criteria that support economic evaluations of natural resource and

environmental policies and projects, referring to case studies in the book to dem-

onstrate practical applications of the relevant concepts and techniques. Difficulties

of particular importance in a developing country context are highlighted. Chapter 2

is not intended to be a comprehensive treatise on CBA, as many excellent texts on

CBA are already available. Instead, only a general guide is presented. Key refer-

ences for more detailed study are cited.

Part II focuses on agriculture, forestry, and fisheries. It includes studies on

biofuel production, agricultural practices, forestry, rubber plantation development,

and pollution associated with aquaculture in a riverine environment.
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Part III deals with river basin management. The two studies in this section relate

to sand mining in Sri Lanka, the damage that is caused, and possible policy

interventions designed to ameliorate adverse environmental impacts.

Part IV contains studies on the management of protected areas. One of the

studies demonstrates the economic advantages of properly managing protected

areas to promote ecotourism; another examines the trade-offs involved in commu-

nity forestry projects, while a third study highlights the broader community benefits

of conserving biodiversity in a forested area, adopting an approach based on the

concept of ecosystem services. This part of the book also contains a study

addressing the problem of how to manage competing uses of water resources for

farming and conservation of a wetland area in China.

Part V deals with adaptive responses to climate change. The focus is on coastal

areas, which are particularly vulnerable to sea level rise, storm surge, saline

intrusion, and flooding. The options examined include construction of sea dikes,

other protective structures, planned retreat, and early warning systems for flood

events.

The compendium of case studies contained in this volume indicates the wide

range of natural resource and environmental management problems that can be

evaluated from an economic perspective using CBA.
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Chapter 2

Principles and Practice of Cost–Benefit
Analysis

David James and Canesio Predo

Abstract Cost–benefit analysis (CBA), or benefit–cost analysis (BCA) as it is

often called, has a long history as a methodology for assessing the economic

efficiency with which resources are used to support human wellbeing. Its theoretical

origins lie in the foundations of welfare economics established by economists such

as Hicks, Kaldor, Scitovsky and Little. This review of principles and practice

focuses on the advantages and limitations of CBA and related methods in a

developing country context. General guidelines are presented.

Keywords Cost–benefit analysis • Willingness to pay • Economic value

• Externalities • Cost-effectiveness analysis

Background to CBA

Evolution of CBA

Cost–benefit analysis (CBA), or benefit–cost analysis (BCA) as it is often called,

has a long history as a methodology for assessing the economic efficiency with

which resources are used to support human wellbeing. Its theoretical origins lie in

the foundations of welfare economics established by economists such as Hicks

(1939), Kaldor (1939), Scitovsky (1941) and Little (1957).

CBA originated in the US Flood Control Act of 1936 as a means of assessing

projects involving public sector investments in the public interest. The Act stipu-

lated that flood control projects would be desirable if ‘the benefits to whomsoever

they may accrue are in excess of the estimated costs’. The first practical guidelines
on how to conduct CBA appeared in 1950 when the US Federal Inter-Agency River
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Basin Committee released the Proposed Practices for Economic Analysis of River
Basin Projects, popularly referred to as the Green Book for project appraisal.

Pioneering texts and guidebooks on CBA were subsequently published by econo-

mists such as Gittinger (1982), Little and Mirrlees (1974), Pearce (1971), Dasgupta

and Pearce (1972), Marglin et al. (1972), Sugden and Williams (1979), Pearce and

Nash (1981) and Ray (1984). Early texts on project appraisal in developing

countries paid particular attention to shadow pricing, adjusting for scarcity of

foreign exchange, inflation, taxes and subsidies, unemployment, unpaid labour

and inequalities in income and wealth.

The incorporation of environmental values in CBA occurred somewhat later,

with the emergence of environmental economics as a recognised branch of the

economics discipline. Freeman (1979) described approaches to valuing environ-

mental benefits, while other authors emphasised the place of CBA and valuation

techniques in environmental and natural resource management (Hufschmidt

et al. 1983). Case studies for Southeast Asian countries appeared soon after in

Dixon and Hufschmidt (1986).

Most contemporary texts and guidelines for CBA highlight the importance of

environmental costs and benefits, with an explanation of how to estimate and

incorporate them in an economic analysis (Zerbe and Diverly 1994; Hanley and

Spash 1995; Bateman et al. 2005; Hanley and Barbier 2009). CBAs are now

commonly performed in evaluations of policies, programmes and projects,

environmental impact assessments and the management of natural resources and

environment more generally (ADB 1997; James 1994; Pearce et al. 1994, 2002;

UK Treasury 1997; US EPA 2000). The case studies presented in this volume are

just some examples of applications in Southeast Asian countries. Nevertheless, they

highlight conceptual and practical difficulties that beset practitioners, especially in

a developing country context.

Conceptual Basis of CBA

Wellbeing and Economic Efficiency

CBA is applied principally to evaluate the economic efficiency of different options

that are capable of achieving some predetermined policy or management objective.

Where the public interest is involved, CBA takes the form of a social benefit–cost
analysis, concentrating on the wellbeing of the community as a whole. Wellbeing is

defined in terms of the utility experienced in the consumption of goods and services

produced by the economic system or that are otherwise made available, such as

those provided by natural systems and the environment.

CBA focuses on only certain aspects of wellbeing, disregarding other indicators

of wellbeing such as social relations, equity and personal security. Fundamental

assumptions of CBA are that individual preferences count regarding the use of
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resources and that the wellbeing of the community comprises an aggregation of the

wellbeing of its members. It is assumed that utility itself cannot be measured

directly, and interpersonal comparisons of utility are debarred in the analysis.

According to the Pareto potential economic welfare criterion, an efficient use of
resources is achieved when it is not possible to make some individuals better off

without making others worse off. Application of the criterion implies that an

economically efficient outcome is achieved when net benefits (total benefits

minus total costs) are maximised. Following some change in economic circum-

stances, the gainers should in principle (but not necessarily in practice) be able to

compensate the losers without being made worse off.

The key indicator of utility in CBA is the willingness to pay (WTP) by individ-

uals or the community for positive increases in wellbeing or for the avoidance of

losses. In CBA a benefit can be a cost avoided and a cost can be a benefit forgone.

Although in theory it is possible to use the willingness to accept (WTA) compen-

sation to indicate a decrease in wellbeing, it is not generally favoured as a basis for

evaluation. Such measures may be subject to various kinds of bias, such as

exaggerated claims for compensation, leading to inappropriate estimates of the

welfare changes involved.

Willingness to Pay and Market Values

The willingness to pay for any good or service by an individual is assumed to be a

reflection of his/her underlying utility function. In general, as larger quantities of a

good or service are consumed, total utility will increase but at a diminishing rate.

The individual’s marginal utility accordingly declines. Where the good or service is

provided through a market mechanism, the price that the individual is prepared to

pay decreases as the quantity consumed increases. This leads to the concept of an

individual demand function or, when represented graphically, an individual demand

curve for the good or service in question.

For the community as a whole, the market demand function for the good or

service comprises an aggregation of the demand functions of all individuals in the

community. The market demand curve typically slopes downward to the right,

expressing the prices that the community is prepared to pay as increasing quantities

of the good or service are consumed. The area under the demand curve for a given

quantity consumed defines total benefits measured in monetary units. Where the

WTP exceeds the actual market price, the expenditure that could have been

extracted is defined as consumers’ surplus.
Market demand functions (described as Marshallian demand functions) are

based on the premise of constant income. Hicks (1943) postulated four kinds of

consumers’ surplus, in which utility is assumed constant. In reality, only market

demand functions can be observed and estimated empirically. However, as argued

by Willig (1976), the difference between the Hicksian and Marshallian versions is

considered to be so small that Marshallian demand functions suffice for most
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applications in CBA. Even so, the difficulties of obtaining sound econometric

representations of market demand functions should not be underestimated.

Costs in CBA are defined as opportunity costs. They measure the benefits

forgone by using available resources to provide a good or service rather than

using them elsewhere or in some other way to support wellbeing. In general, the

total cost of producing the good or service rises at an increasing rate as the quantity

produced increases. The marginal cost of production (the extra cost of producing an

additional unit of output) typically increases as the volume of output expands.

In a market situation, producers need to charge a price equal to the marginal cost

of production to cover their costs of production and reach an acceptable level of

profit. The supply curve for the good or service thus increases to the right as larger

quantities are offered for sale. The area under the supply curve, for the particular

quantity produced and offered for sale, indicates the total cost of producing a given
quantity of the good or service. Where the market price prevailing in the market

exceeds the price that producers are prepared to accept, the additional returns

received by producers in excess of their costs of production are defined and

measured as producers’ surplus. Mutual acceptance of a price and quantity by

both buyers and sellers in the market leads to a market equilibrium. Summing

consumers’ surplus and producers’ surplus yields an estimate of the net benefits
received.

Expressed in diagrammatic form, this occurs where the market demand and

supply curves intersect. Figure 2.1 illustrates this condition.

In Fig. 2.1 the horizontal axis measures the quantity of a good X traded in the

market, while the vertical axis measures its price. The market demand curve is

shown as AEB and the supply curve as SET. Intersection of the curves (point E)

reveals the equilibrium price (OP1) and quantity (OQ1) that clear the market. The

total WTP for good X (the total benefit experienced by consumers) is measured as

the area OAEQ1, and the total cost of supplying it is OSEQ1. Consumers’ surplus is
measured as the area AEP1 and producers’ surplus as the area SEP1. The sum of

these two areas represents the net benefits of producing and consuming OQ1 of

good X in the market.

It is instructive to note that most of the studies presented in this volume focus on

producers’ surplus under the assumption of fixed market prices (i.e. horizontal

demand curves). None of the studies explicitly estimates a downward-sloping

market demand curve, and the assessments of changes in producers’ surplus are

all based on the assumption of fixed prices. The study by Bhadranie Thoradeniya

(Chap. 7), however, relies on an imputed downward-sloping demand curve and the

concept of consumers’ surplus when applying an individual travel cost model to

estimate the recreation benefits of a river basin in Sri Lanka.
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Values of the Environment and Natural Resources

Total Economic Value

Ecosystems and natural environments provide goods and services that are essential

for human existence, as well as supporting other aspects of wellbeing. Pearce and

Turner (1989) introduced the concept of the total economic value (TEV) of the

environment, decomposing it into various categories of use and non-use values.

Such values have commonly been defined and estimated for natural forests. Valu-

ation methodologies for timber, non-timber forest products (NTFPs) and non-use

values are discussed by Bann (1998) among others. A schema for forest-related

economic values is presented in the study of rubber plantation development in

Cambodia by Yem Dararath et al. (Chap. 7), while Kalyan Hou et al. (Chap. 12)

provide estimates of forest-based benefits potentially achievable from community

forestry schemes. In the study by Saowalak Roontawanreongsri et al. (Chap. 13),

the benefits of forests are categorised and valued in terms of ecosystem services.

Similar studies have been performed for other natural resource systems.

It is important, in determining the value of any natural resource system, to avoid

double-counting the benefits. For example, when valuing the ecosystem services

provided by native forests, while the forest may contain a potential stock of timber

as well as non-timber forest products and other attributes of cultural value, it would

be erroneous to add all these values together, because timber-felling would be in

conflict with other forest uses and values. The lesson to be drawn here is that natural

resource and environmental values should be estimated only with respect to a

particular policy or resource management scenario.

Market
Price

A Market Demand Curve for Good X

Market
Equilibrium
Price

T

Consumers
Surplus

Market Supply Curve for Good XE
P1

Producers
Surplus

B
S

O Q1 Quantity of Good X

Fig. 2.1 Market supply and demand
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Environmental Externalities

Many goods and services provided by the environment are used or experienced

without passing through markets. In many cases they are provided free or at prices

that do not reflect their full opportunity cost or value to the community. An

important task in conducting a CBA is to incorporate implicit values of the benefits

that are generated by goods and services provided by the environment.

Environmental effects occurring off-site or indirectly as a consequence of

human activity are defined as environmental externalities. In a CBA, where

changes in the environment are favourable, they are specified and valued as

external environmental benefits, while adverse environmental impacts are valued

as environmental damage costs. External environmental costs are typically not

taken into account in the evaluations, plans and activities of private producers,

resulting in a divergence between the private and social costs of production,

establishing a strong case for appropriate policy interventions by government.

The general aim is to internalise the externalities and induce producers to modify

their behaviour to improve community wellbeing.

The studies by Zanxin Wang et al. (Chap. 3), Loan Le Thanh (Chap. 4) and

Cheryl Launio et al. (Chap. 5) deal explicitly with emissions of CO2e as an

economic externality, while the forest modelling carried out in the study by Nghiem

Thi Hong Nhung (Chap. 6) treats reductions in CO2e as an important co-benefit of

timber production. Damage costs associated with sand mining in river basins are

assessed by Bhadranie Thoradeniya (Chap. 9). Vo Thi Lang et al. (Chap. 8) esti-

mate the damage costs resulting from water pollution and its effects on aquaculture.

Jaimie Kim B. Arias et al. (Chap. 15) provide estimates of damage costs resulting

from storms in San Fernando City, Philippines, while Vo Thanh Danh (Chap. 16)

includes damage costs in his study of flooding and salinisation predicted to result

from sea level rise in the Mekong Delta, Vietnam.

Conduct of a CBA

Steps in a CBA

Steps in conducting a CBA for a proposed project are defined in the studies by

Malabou Baylatry et al. (Chap. 11) and Jaimie Kim B. Arias et al. (Chap. 17)

following Boardman et al. (2010). They can be summarised as follows:

• Define the boundaries and time horizon of the project.

• Define the referent groups.

• Select the portfolio of project options.

• Catalogue the potential physical impacts of the project.

• Define what would happen without the project.
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• Quantify and predict the outputs and impacts of the project over its expected life.

• Monetise the outputs and impacts.

• Calculate NPV, BCR and IRR for each option, assuming a given discount rate.

• Describe the distribution of costs and benefits.

• Perform sensitivity analysis.

• Make recommendations to decision-makers.

Construction of BAU Scenario

When evaluating options, NPV, BCR and IRR (defined below) should be assessed

relative to a base case or business as usual (BAU) scenario. What counts are the

incremental changes associated with any option compared with the base case. To

construct a BAU scenario, it is necessary to determine the general characteristics of

the scenario, currently and in the future, including its geographic boundaries,

attributes and functions of the surrounding environment and natural resource

systems, the population or community involved, market trends, relevant economic

activities, possible impacts of human activity on the environment, the time horizon

for analysis and institutional factors including industry structure and government

policies and regulations.

A BAU scenario does not imply ‘do-nothing’ as it may include policies and

activities that would be in place independently from the options under consider-

ation. Rather, it should incorporate the best assessments of what can be expected

over the planning period in the absence of the foreshadowed options. Nevertheless,

the general aim of constructing the BAU scenario is to conduct the analysis ‘with
and without’ proposed possible actions, noting that the ‘with and without’ situations
should not be interpreted as ‘before and after’ chronologically.

Incremental benefits and costs of each option relative to the BAU scenario

should be estimated for each future year up to the planning horizon. This involves

constructing a scenario for each option, modelling all the changes that can be

expected to take place and valuing them in monetary terms. Incremental benefits

are calculated as the expected change in benefits relative to the BAU. A similar

approach is taken to calculate incremental costs.

The studies by Yem Dararath et al. (Chap. 7), Kalyan Hou et al. (Chap. 12) and

Jamie Kim B. Arias et al. Ch (15) all contain clearly defined baseline or BAU

scenarios, against which feasible options are compared.

Criteria for Evaluating Options

Several criteria, defined below, are used in CBA to determine on economic effi-

ciency grounds whether or not to undertake a particular investment policy,
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programme or project. It is convenient to discuss these, in what follows, at the

project scale.

Net Present Value (NPV)

This criterion measures the present value of the net benefits of the development

project. The formula for calculating NPV is:

NPV ¼ Σ Bt � Ctð Þ= 1 þ rð Þt . . . . . . t ¼ 1::n

where Bt is the benefit at time period t and Ct is the cost at period t. The planning
horizon or terminal year is n.

For the project to be acceptable on economic grounds, the NPV should be

positive. A positive NPV means that the option produces greater net economic

benefits, assessed in terms of present values, in comparison with the BAU scenario.

Where there are mutually exclusive options, the option with the highest NPV is

preferred. Any proposed options that have negative NPVs must be rejected as

economically undesirable. In some appraisals, the best option is the BAU scenario

itself. In that case, the BAU scenario will have a zero value for its NPV, while all

other options will have negative NPVs.

Benefit–Cost Ratio (BCR)

This is the ratio of the present value of benefits to the present value of costs. The

formula for calculating the BCR is:

BCR ¼ ΣBt= 1þ rð Þt=ΣCt= 1þ rð Þt . . . . . . t ¼ 1::n

If the BCR of a project exceeds 1, the present value of benefits is greater than the

present value of costs; thus the project is acceptable in terms of economic effi-

ciency. If the BCR is less than 1, the project should be rejected. The BCR should not

be used to rank mutually exclusive options, however, as it can lead to rankings that

are inconsistent with those obtained using NPV as the ranking criterion.

Internal Rate of Return (IRR)

The IRR is the rate of discount that equates the present value of benefits with the

present value of costs. IRR appears as the ‘unknown’ i in the following equation:
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Σ Bt � Ctð Þ= 1þ ið Þt ¼ 0 . . . . . . t ¼ 1::n

This equation cannot be solved explicitly for the value of i. The only way to

determine i is to postulate an initial value and solve for i on a trial-and-error basis

– that is, by simulating different values of i until a solution is reached. For some

options it may not be possible to calculate an IRR. This can occur when the time

path for net benefits of the option fails to change sign (�ve to + ve or vice versa). In

some cases, where the time path changes sign more than once, multiple solutions

may be obtained for the IRR.

The IRR is typically used by finance departments to compare the internal

financial productivity of a project with the official interest rate or cost of funds, to

see whether the project is desirable as a financial investment. The IRR should not be

used to rank mutually exclusive options, as it also can result in a ranking that is

inconsistent with a ranking based on NPV.

Internal Economic Rate of Return (IERR)

A distinction is sometimes drawn between an economic IRR and financial IRR. The

only difference is that for an IERR, all values for benefits and costs comprise

economic rather than financial values. Application of the IERR criterion follows the

same rules as for the IRR.

NPV per Unit of Investment (NPVI)

NPVI is calculated as the ratio of the present value of all positive future NPVs of the

project to the present value of all negative NPVs. This criterion is applied where

there is only a fixed supply of investible funds. The option with the highest NPVI is

the preferred option on economic efficiency grounds.

Frameworks for Conducting CBA

Spreadsheet models offer the most effective framework for compiling and

analysing all information involved in a CBA. A guidebook demonstrating how to

construct and apply a CBA spreadsheet model using Microsoft Excel is available on

the EEPSEA website (Predo and James 2006). It is frequently used in EEPSEA

training courses and in CBA studies by EEPSEA researchers. Similar guidelines are

provided by Campbell and Brown (2003) among others. A major advantage of

using a spreadsheet model is that sensitivity analysis (exploring what if scenarios by
varying the data input or model structure) can be readily carried out as a means of

exploring different policy options and identifying critical aspects of the analysis.
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Sensitivity Analysis

The economic desirability of a project depends on the values that are estimated for

the various categories of benefits and costs, as well as the discount rate that is

adopted. The results of an economic analysis should always be subjected to

sensitivity analysis to assess their robustness and the factors that could change

any initial ranking of options. Sensitivity analysis is especially useful where

uncertainty prevails for particular benefits or costs. The problem of uncertainty

and how to handle it in CBA is dealt with later in this chapter.

Applications of CBA Evaluation Criteria in Case Studies

For most of the studies in this volume, complete CBAs are conducted, making use

of the above evaluation formulae. The CBA of an ecotourism project for Xe Pian

National Protected Area in Lao PDR by Malabou Baylatry et al. (Chap. 11) shows

how to set up an appropriate spreadsheet model, specify the base case and calculate

the incremental NPV, BCR and IRR for the project, using the format of the

EEPSEA CBA guide. Incremental analysis is carried out in the studies of land

use options for rubber plantations by Yem Dararath et al. (Chap. 7) and for

community forestry by Kalyan Hou et al. (Chap. 12). Other studies also apply the

relevant formulae for the options involved and compare the results.

Economic vs Financial Analysis

Differences Between Economic and Financial Analysis

The economic analysis conducted in a CBA differs from a financial analysis. As

noted, a CBA focuses on the welfare of a community as a whole. Rather than

maximising net social benefits as in a CBA, a financial analysis attempts to

determine how individuals, households or commercial enterprises can maximise

their own net financial returns or minimise the costs of conducting their activities.

Indeed, a potential conflict between private and public interests is often what

initiates a social CBA.

An important reason for complementing a social CBA with a financial analysis is

that financial factors are key determinants of the decisions and behaviour of

individuals, households and enterprises. The aim of public policy is often to

implement an effective system of incentives (financial, informative or regulatory)

that aligns private financial interests more closely with the public interest. Mone-

tary incentives have a powerful influence on behaviour.
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In a financial analysis, the usual assessment method applied is discounted cash

flow (DCF) accounting. The same formulae are used as in a CBA to evaluate the

financial viability of an investment or proposed activity by a private entity. Differ-

ences are discussed below.

Costs and prices in a CBA are always expressed in ‘real’ or constant dollar terms

(i.e. excluding price and cost inflation), whereas a DCF may or may not incorporate

inflationary effects. Instead of a social discount rate, a market interest rate is applied

in a financial analysis. The market rate typically includes an inflationary

component.

Some of the prices in a CBA can take the form of shadow prices, representing
the true opportunity costs of resources used by the community or the true value of

benefits that are received. Conversion of actual market prices to shadow prices may

be required to indicate a scarcity of foreign exchange, the existence of surplus

labour (thus affecting the real wage rate), environmental externalities and price

distortions for goods and services provided by the environment and natural resource

systems. Subsidies and taxes play a role in a DCF, but they are treated as transfer

payments in a CBA and are excluded from the analysis.

Depreciation is handled differently in a financial analysis compared with a CBA.

In a financial analysis, depreciation is usually represented as a sequence of write-

downs of capital asset values, acting as annually recurring costs and a tax offset. In

CBA, resources in the form of capital expenditure are identified as they are

committed, and allowance is made for a decline in the physical condition of capital

assets. Use of the assets is encapsulated in the discount rate, reflecting their

opportunity cost. The residual value of assets in a CBA is counted as a benefit at

the end of the planning period. It is estimated in real terms, based on what the

owners are able to sell them for – hence the price that others are willing to pay to

acquire them – or it may refer to the value of the assets if they are retained by their

owners for continued use beyond the planning horizon.

Several of the studies in this volume conduct financial analyses alongside the

corresponding economic analyses. This occurs in the studies of biofuel production

by Zanxin Wang et al. (Chap. 3) and Loan Le Thanh (Chap. 4) as well as the studies

on forestry management by Nghiem Thi Hong Nhung (Chap. 6), Tra fish production

by Vo Thi Lang et al. (Chap. 8) and river sand mining by Gunaratne (Chap. 10).

Financial costs and returns figure prominently in the study of rubber plantations by

Yem Dararath et al. (Chap. 7). In several of the studies, it is suggested that the gap

between private and social benefits could be bridged by government subsidies, but

other interventions such as direct regulations might also be used.
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Distributional Effects

Inequalities in Income and WTP

Application of the Pareto potential welfare criterion, focusing on the community as

a whole, presumes that the prevailing distribution of income is acceptable. Extreme

inequalities in income, commonly occurring in developing countries, inevitably

influence the willingness to pay by different groups within the community and their

wellbeing. Concerns must then be addressed regarding the equity or fairness of

possible outcomes of policies, programmes and projects. Local communities rely-

ing on low-income or subsistence activities such as fishing or cropping may be

seriously disadvantaged if the results of economic analysis suggest that they should

be displaced to make way for more profitable activities such as urban development,

agribusiness projects or industrial production. The willingness to pay by such

groups to maintain their livelihoods will be constrained by their low incomes and

ability to pay.

In such situations, it behoves the analyst to identify the impacts on different

groups within the community, so that decision-makers can deal with equity issues

alongside economic efficiency considerations when formulating plans of action.

Some economists suggest that the relevant trade-offs can be formalised by

conducting weighted CBA in which differential weights are attached to the benefits

and costs associated with different groups within the community (Harberger 1978;

Scarborough and Bennett 2012). Either way, policy decisions that forgo economic

efficiency to achieve a more equitable distribution of benefits and costs inevitably

require subjective judgments about the wellbeing of different groups affected.

Effects on fiscal revenues and expenditures of government agencies similarly

may strongly influence policy decisions. One example of an incidence analysis in

this volume is the study of an ecotourism project by Malabou Baylatry et al.

(Chap. 11) which identifies the costs and benefits for local communities and local

government resulting from the project.

Secondary economic impacts of projects, programmes and policies, such as the

spillover effects of development on jobs and incomes in a regional or national

economy, have distributional implications. Such impacts are sometimes errone-

ously interpreted as social benefits or costs. Input–output (I-O) models or comput-

able general-equilibrium (CGE) models are capable of predicting such effects.

Again, however, while this information may be of importance from a policy

perspective, secondary impacts should be excluded from a CBA.
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Cost-Effectiveness Analysis

Approaches to Cost-Effectiveness Analysis

Cost-effectiveness analysis (CEA) is often applied where the monetary values of

benefits are difficult to obtain due to limitations of time, information or research

resources. In a CEA, the expected outcomes of an option are defined in terms of a

particular policy objective, an indicator, standard or performance target. The

general aim is to achieve the desired outcome at minimum economic cost. Where

the benefits of a project or policy are the same for all options, there is little

advantage in estimating monetary benefits, as the most desirable outcome depends

only on the comparative costs. For example, to select the most economically

efficient means of generating a predetermined volume of biodiesel, only the least-

cost technology needs to be identified.

An alternative formulation in CEA is to maximise the outcome where a limited

budget or bundle of resources is available for implementation. Where a mix of

outcomes is possible, there may be difficulties in identifying the main objective and

any co-benefits associated with each option. In such cases, subjective weights must

be applied to determine the optimal mix of outcomes and the allocation of limited

funds.

CEA can be conducted through manual search procedures (setting up tables of

options and their costs), simulation modelling (exploration of options and costs

through what if scenarios) and mathematical programming models (e.g. choosing

the least-cost option of meeting fixed targets by means of linear programming or

other kinds of optimisation models). Several of the studies in this volume rely on

CEA instead of CBA. Typically, the authors derive their results based on spread-

sheet simulation modelling. They include the study by Loan Le Thanh (Chap. 4) of

biofuel production in Vietnam, the assessment of least-cost options for pollution

control in Tra fish production in Vietnam by Vo Thi Lang et al. (Chap. 8) and

options for water saving to protect Qixinghe Wetland in China, evaluated by Wu

Jian et al. (Chap. 14).

Cost Trade-Off Analysis

When environmental quality targets cannot easily be established, subjective judg-

ments about the required level of environmental protection can be assisted by cost

trade-off analysis. Cost trade-off analysis helps to determine an acceptable level of

environmental mitigation or protection, depending on the cost at each level. Usually

the total costs and marginal costs of environment protection increase sharply as

higher levels of control are approached. The shape of the cost curve often suggests a

logical cut-off point for environmental mitigation or protection. Environmental

targets may be established as part of the cost trade-off analysis.
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Threshold Value Analysis

In cases where economic development and environmental preservation alternatives

are mutually exclusive, especially where irreversible environmental impacts are

predicted as a consequence of development, and/or where there are difficulties in

estimating the nonmarket values of development proposals, the threshold value
approach can serve as a useful way of considering resource use options. A relevant

example is deciding on the use of a wild river either for construction of a reservoir

for hydropower production or its preservation for recreational use and wilderness

values.

Threshold value analysis is based on the concept of opportunity cost. The

opportunity cost of the preservation option consists of the value of net benefits

forgone for the development alternative. The environmental benefits are thus not

valued directly, but a reference value is provided against which the relative value of

the environment may be assessed subjectively. The threshold value indicates the

price that the community must be prepared to pay to justify the preservation option.

This value can be measured as a capitalised value or as an annually recurring value.

A more sophisticated approach, pioneered by Krutilla and Fisher (1985), allows for

differential growth rates in development benefits and calculates an initial year’s
cost that would have be borne to justify the preservation option.

Threshold values may also be applied in benefit–cost analyses where the NPV

and rank order of options are sensitive to environmental values. Calculations can be

made to determine the threshold values of environmental benefits that would be

required to change the NPVs and the rank order of options under consideration.

With information on threshold values, decision-makers are obliged to judge sub-

jectively the relevant trade-offs and identify the option that might be considered

most acceptable by the community. In the present volume, however, none of the

studies adopts the threshold value approach.

Discounting in CBA

The Discount Rate

Discount rates are used in economic analysis as a means of comparing present and

future values of benefits and costs. The general formula translating the future value

of a benefit or cost to its present value is

PV ¼ FVt= 1 þ rð Þt

where PV is present value, FVt is the value at some point of time in the future, r is

the rate of discount and t is the specified future year. The expression 1/(1 + r)t is
called a discount factor. It reduces the future value to a smaller present value. The
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process of applying a discount rate is known as discounting. The higher the discount
rate, the smaller will be the present value of any future benefit or cost. Some simple

calculations demonstrate the effects of different discount rates and time horizons on

present values, as shown in Table 2.1.

The table reveals that with a discount rate of 7 %, the discount factor at year 10 is

calculated as 1/(1 + 0.07)10 or 0.5083. This means that $100 worth of goods and

services in year 10 would be valued at only $50.83 at the present time. The $100 at
year 30 would have a present value of only $13.14. With a 12 % discount rate,

$100 at years 10 and 30 would have present values of $32.20 and $3.34, respec-
tively. Beyond 30 years, unless a very low discount rate was adopted, the present

value of $100 would be negligible.

Economic Rationale for Discounting

Economists give two reasons for justifying the use of a discount rate. The first is

known as the social rate of time preference. Given the choice of consuming a given

bundle of goods or services now or the same bundle in the future, people tend to

place more importance on consuming now. People do not live forever, so they

prefer to enjoy life now rather than later; immediate satiation of wants takes

precedence over deferred satiation. Another explanation is that there may be

uncertainty about the future availability of the same bundle of goods and services,

and because consumption in the present is more certain, it is more highly valued

than consumption in the future.

In general, the social rate of time preference adopted by policymakers when

prioritising public sector activities and investments is lower than the private rate of

time preference. Society is longer-lived than individuals, and risk can be spread

over a larger number of people, compared with individual risk-bearing. Yet another

consideration is that, as a consequence of rising living standards, higher incomes

Table 2.1 Discount factors and present values of $100

Discount factors

Planning horizon (years)

r 0 10 20 30 50 100

3 % 1.000 0.744 0.554 0.412 0.228 0.052

7 % 1.000 0.508 0.258 0.131 0.034 0.001

12 % 1.000 0.322 0.104 0.033 0.003 0.000

Present values of $100

Planning horizon (years)

r 0 10 20 30 50 100

3 % 100.00 74.41 55.37 41.20 22.81 5.20

7 % 100.00 50.83 25.84 13.14 3.39 0.12

12 % 100.00 32.20 10.37 3.34 0.35 0.00
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will be available in the future to support consumption, so the value of consumption

relative to income is higher at present than in the future.

The second justification of a discount rate is the concept of the opportunity cost
of capital. Capital is defined as any resource or bundle of resources (real or

financial) that is capable of generating income in the future. Suppose a given bundle

of resources is invested now and left to grow at a compound rate r until sometime

(year t) in the future. The concept is similar to placing a sum of money in a bank and

watching it grow at compound interest. The opportunity forgone by consuming a

given bundle of resources now is the benefit forgone that could otherwise be

obtained by investing the same bundle of resources in some other alternative.

Discount rates of 3 and 6 % are used in the study of sea dikes in Vietnam by Vo

Thanh Danh (Chap. 16). In the optimisation model of forest management presented

by Nghiem Thi Hong Nhung (Chap. 6), discount rates of 1–8 % are simulated. The

discount rate is varied in the study of biodiesel production in China by Zanxin

Wang et al. (Chap. 3) indicating that the financial viability and choice of production

method depend critically on the discount rate that is applied. In the same study, cost

and benefit components are also subjected to sensitivity analysis.

The choice of a time horizon in a CBA is closely associated with selection of a

discount rate. Many analysts choose a convenient time horizon that coincides with

the expected life of a project. Others simply make an arbitrary choice such as

25 years. The effects of a project may extend well into the future, in which case an

appropriate value should be included in the terminal year of the assessment, such as

the residual value of the project.

The discount rate is usually predetermined by the finance department or mone-

tary authority that oversees public sector investments by government agencies.

Where an official rate is not prescribed, the usual practice is to apply the rate of

interest on long-term (10-year) government bonds. This rate should be the real rate

of interest, namely, the market rate adjusted for the rate of general price inflation in

the national economy. In developing countries, the opportunity cost of capital is

considered to be very high, so it is not unusual to encounter high rates of discount

that the monetary authorities prescribe in economic and financial appraisals. What

often counts in practice is whether variation of the discount rate in sensitivity

analysis significantly changes any ranking of policy options.

Some Implications of Discounting

As noted, the effect of discounting is to downplay the importance of future benefits

and costs. This creates difficulties in applying CBA where large magnitudes of

benefits and costs are predicted for the distant future. Relevant examples are

assessments of the damage costs of greenhouse gas emissions under a BAU

scenario (Stern 2007; Garnaut 2008), the costs of decommissioning nuclear

power plants or the benefits that accrue from hydropower schemes. Unless a low

discount rate is applied, such benefits and costs will have only a minor effect on

calculations of NPV. The UK Treasury (2003) has recognised the need for
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considering lower discount rates for economic assessments with long time horizons

(i.e. exceeding 30 years) and has recommended a schedule of declining discount

rates, reproduced as Table 2.2.

Serious ethical concerns must be addressed where long-term effects – either in

the base case or in policy options – have strong implications for the welfare of

future generations. Lowering the discount rate to increase the present value of long-

term costs and benefits may not be an effective or politically acceptable means of

addressing long-term inequities in the inter-temporal distribution of costs and

benefits. In reality, economic efficiency analysis might simply be overruled by

ethical judgments and policy decisions.

Discounting can also raise difficulties in the management of natural resources. In

forestry, for example, trees may take many years to reach maturity and a state

suitable for timber harvesting. The net returns obtainable from a harvest planned

50 or more years into the future rarely match the returns that can be made by

investing in other projects with higher productivity and more immediate economic

rewards. The study by Nghiem Thi Nhung (Chap. 6) deals with fast-growing

species of eucalypts and acacias, determining the optimal rotation age by means

of the Faustmann formula. The optimal rotation age for Eucalyptus urophylla was

found to be only 9 or 10 years, and for Acacia mangium, it was 13 years. Higher

discount rates shorten the rotation age. Including values for carbon sequestration

increases NPVs but also shortens rotation age. The study notes that using short-

rotation small-size wood is suitable for manufacturing timber products such as

chipboard, medium-density fibreboard or paper, whereas longer-rotation wood can

be used for construction, wood processing and exports.

For biologically renewable resource systems, such as wild fisheries, it is well

documented in the literature that unless the rate of growth of net economic returns

exceeds the discount rate, economic efficiency analysis may imply that the relevant

populations be driven to extinction (Clark 2010; Fisher 1981). In the mining

industry, adoption of a high discount rate may lead to early exhaustion of the

resource, with few alternatives to generate ongoing income. Wherever such

extreme solutions are implied by the mechanical application of CBA, the possibility

should be considered of introducing additional constraints in the analysis, such that

economic efficiency is optimised subject to a minimum standard or target that

decision-makers consider should be met in the broader interests of the community,

now and in the future.

Table 2.2 Schedule of declining discount rates (UK Treasury p98 2003)

Period of years 0–30 31–75 76–125 126–200 201–300 301+

Discount rate 3.5 % 3.0 % 2.5 % 2.0 % 1.5 % 1.0 %
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Risk Assessment in CBA

Risk Assessment

Risk assessment involves two main tasks: risk analysis and risk evaluation (Aven

2008). Risk analysis seeks answers to questions such as: (1) How does alternative

I compare with alternative II? (2) Is the risk too high? (3) Is there a need to

implement risk-reducing measures? In this chapter, the focus is on risk analysis

to account for risk and uncertainty in the benefit–cost analysis framework.

Incorporating Risk and Uncertainty in Benefit–Cost Analysis

The terms ‘risk’ and ‘uncertainty’ are commonly used interchangeably, but a

distinction is drawn for economic analysis. With risk, the probability distributions

for variables are known. With uncertainty, the probability distributions are not

known (Dixon et al. 1989; US Department of Transportation 2003).

Typically, benefit–cost analysis is carried out in a deterministic manner. How-

ever, the analyst is usually faced with a number of risks and uncertainties when

evaluating an investment or project, as the parameter values and assumptions of any

economic model are uncertain and subject to change. In many cases the problem of

risk and uncertainty is ignored (Dixon et al. 1989). The common approaches to

account for risk and uncertainty in CBA are (1) sensitivity analysis, (2) expected

values (certainty equivalents) of scenarios and (3) risk analysis through Monte

Carlo simulation. Only the third method, simulation, offers a practical methodology

for analysing the overall risk of a project (Treasury Board of Canada Secretariat

1998). The following sections discuss each of these methods.

Sensitivity Analysis

The traditional means by which risk can be evaluated is sensitivity analysis. This

approach can be used to account for the uncertainty in the model to quantify the

impacts of policy changes and uncertain variables such as price and climate on the

estimates of the net benefits of a project. Sensitivity analysis helps to test the

robustness of the model results, establish critical values and discover thresholds

or breakeven values around which the initially preferred option may change,

thereby identifying sensitive or important variables (Pannell 1997). As a special

case, involving irreversible impacts, Krutilla and Fisher (1985) applied the concept

of threshold values when evaluating development versus preservation options for

Hells Canyon in the USA.

28 D. James and C. Predo



In a typical sensitivity analysis, the value of an input variable or key outcome

variable identified as a significant potential source of uncertainty is altered, either

within some percentage of the initial value or over a range of reasonable values, while

all other input values are held constant. Changes in the results of analysis are duly

noted. This sensitivity process is repeated for other input variables for which risk has

been identified. The input variables may then be ranked according to the effect of

their variability on CBA results (ADB 1997; USDepartment of Transportation 2003).

A more systematic way of conducting sensitivity analysis is calculating the

sensitivity indicator and associated switching value (ADB 1997). The sensitivity

indicator compares the percentage change in a variable with a percentage change in

a measure of project worth, usually the NPV. A switching value identifies the

percentage change in a variable for the NPV to become zero, the economic internal

rate of return to fall to cut-off rate and the project decision to change.

The CBA studies in this volume typically include sensitivity analysis to test the

robustness of the results. For example, in the study by Bayani-Arias (Chap. 15) on

coastal erosion, when comparing the present value of adaptation options, variations

in the scenario of the impacts of coastal erosion are described as low, average and

high. Discount rates were applied in the analysis ranging from 1 to 15 %. In the

study by Vo Thanh Danh (Chap. 16), the likelihood of an extreme storm event and

sea level rise was assessed, and sensitivity analysis showed that the expected NPVs

of dike options were very sensitive to changes in the discount rate. If the salinity-

protected area comprises 50 % of the total land area, however, the CBA results are

not significantly altered.

Expected Values Approach

A straightforward and commonly used approach to valuing projects is to calculate

the project’s expected value. The expected value is the sum of the product of the

probability of each possible state of the world and the value of the project in that

state of the world.

The expected value approach is an extension of sensitivity analysis through two

commonly used decision analysis techniques called payoff matrices and decision

tree analysis (Pearce and Nash 1981; Dixon et al. 1989). The approach can be used

to assist the decision-maker in making the best decision, but only after allowing for

the decision-maker’s own attitude towards risk in defining acceptable planning and
management strategies. Payoff matrices are usually applied to rank alternative

strategies, actions or options that are mutually exclusive.

If an option has two possible outcomes, low¼ $20 and high¼ $200, with

probabilities of 25 and 75 %, respectively, then the expected value of the option

is ($20 � 0.25) + ($200 � 0.75)¼ $5 + $150¼ $155. If the decision-maker has a

completely rational attitude to risk, then he/she should be indifferent between

investing in the option and accepting $155 as the certainty equivalent.

For multiple but mutually exclusive options, each of which has a different

outcome depending on the level of an independent ‘driver’ and its probability of
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occurrence, expected values can be calculated from a representative payoff matrix.

For example, where options for adaptation to flooding are defined as no adaptation,

partial adaptation and full adaptation and where the outcomes or benefits are

affected by poor, average or good rainfall events, a payoff matrix of net benefits

can be constructed, as shown in Table 2.3.

The expected payoff for each adaptation option can be calculated as:

No adaptation: (28*0.25) + (60*0.50) + (340*0.25)¼ $122
Partial adaptation: (40*0.25) + (100*0.50) + (160*0.25)¼ $100
Full adaptation: (20*0.25) + (140*0.50) + (200*0.25)¼ $125

In this example, the full adaptation option has the highest expected value and is thus

the preferred alternative. The challenge in this approach is assigning the probabil-

ities of events. Where probabilities are not known, arbitrary or subjective judg-

ments must be made about the outcomes in the payoff matrix. Another drawback

with the approach is that it assumes that the decision-maker is risk neutral. It does

not allow for the effects of specific events, such as extreme events resulting from

climate change, on human welfare (Dixon et al. 1989; Treasury Board of Canada

Secretariat 1998).

Risk Analysis Using Monte Carlo Simulation

Risk analysis is any method – qualitative and/or quantitative – for assessing the

impacts of risk on decision situations. The goal of any of these methods is to help

the decision-maker choose a course of action, enabling a better understanding of the

possible outcomes that could occur.

Quantitative risk analysis seeks to determine the outcomes of a decision situation

as a probability distribution. Ideally, all CBA should be approached as a risk

analysis because there is always some uncertainty in the data. In general, quantita-

tive risk analysis involves four steps (Palisade Corporation 2009; Treasury Board of

Canada Secretariat 1998):

1. Develop the basic model that will calculate NPV. This model is sometimes

called the deterministic model because it uses a single deterministic value for

each variable.

Table 2.3 Payoff matrix of net benefits ($0000/year) under different adaptation options and

rainfall conditions

Option

Rainfall

Poor (0.25) Average (0.50) Good (0.25)

No adaptation 28 60 340

Partial adaptation 40 100 160

Full adaptation 20 140 200
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2. Identify and link the uncertain variables in the model to information about their

maximum and minimum values (range) and about the probabilities of various

values within those ranges. More specifically this involves linking the uncertain

variables in the model by specifying the appropriate probability distribution

function using the information available or derived from expert opinion.

3. Analyse the model with simulation. Run the model many times (a) to obtain a

large number of NPVs to determine the range and probabilities of all possible

outcomes for the results and (b) to determine the frequency with which various

NPVs occur in the results, and, on this basis, predict the likely range of the NPV

and the probabilities of various NPVs within that range.

4. Using the decision rules, interpret the results to identify the best alternative

investment or, if there is only one, to decide whether it is likely to be a good

investment based on the results provided and personal preferences relating to

risk.

It is important to note that risk analysis is not a substitute for careful and detailed

development of tables of costs, benefits and parameters. Setting up a sound deter-

ministic model before thinking about risk is extremely important.

Adjusting for the Covariance of Related Risk Variables

When multiple uncertain inputs or output variables are considered in the model,

some risk variables might be correlated. For example, if the NPV of the CBAmodel

is based on the assumption of a high value for ‘total corn production’ and a high

value for ‘average price of corn’, then the NPV may be outside the plausible range

in the real world. A high production of corn normally results in a low corn price and

vice versa. For the outcome of the analysis to be realistic, it must take these

correlations into account. The analyst should consider adjusting for the covariance

of related risk variables. Failure to take covariances into account can lead to large

errors in judging risk. For example, in his pioneering study of risk analysis in

project appraisal, Pouliquen (1970) cited a project for which the risk of failure was

15 % when labour productivity and port capacity were treated as independent

variables but about 40 % when their positive correlation was taken into account.

Interpreting the Results of Risk Analysis

Risk analysis produces a list of NPVs, one for each run of the CBA model, which

can be analysed statistically and graphically to see the probabilities of various

outcomes. Two types of graphs that show the probability distribution of the NPV

are (1) probability-density graph, which shows the individual probability of each

NPV, and (2) cumulative-distribution graph, which shows how probable it is that

the NPV will be lower than a particular value. Both types of graphs are useful for

communicating with the decision-maker.
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The decision rules for risk analysis in CBA in situations where there is

significant uncertainty are as follows (Palisade Corporation 2009; Treasury Board

of Canada Secretariat 1998; Richardson et al. 2006):

1. If the lowest possible NPV is greater than zero, accept the project.

2. If the highest possible NPV is less than zero, reject the project.

3. If the maximum NPV is higher than zero and the minimum is lower, calculate

the expected NPV (ENPV). If the ENPV is greater than zero, accept the project

but examine the risk of loss.

4. If the cumulative probability distribution curves for two mutually exclusive

projects do not intersect, choose the option whose probability distribution is

farther to the right.

5. If the cumulative probability distribution curves for two mutually exclusive

projects intersect, be guided by the ENPV. If the ENPVs are similar, consider

the risk profile of each alternative. Alternatively, conduct a second-degree

stochastic dominance analysis using a certain risk-aversion coefficient to assess

the more risk-efficient project.

Studies by Vo Thanh Danh (Chap. 16) and Predo and Francisco (2008) (not in this

volume) are examples where risk analysis using Monte Carlo simulation in a CBA

framework is applied. Vo Thanh Danh examined the uncertainty of cost variables

using a uniform distribution and the benefits from avoided flood and storm damage

using the expected value approach by obtaining the product of total damage

avoided and probability of events. Although a Monte Carlo simulation was applied

in the analysis, the study generated only the expected net present value (ENPV) but

not the distribution of ENPV. The study by Predo and Francisco (2008) on land use

alternatives identified the price of timber as the key uncertain variable and used

time-series data to obtain the probability distribution function of prices. Their risk

analysis provided not only mean estimates but also the entire distribution of the

NPV estimates. The NPV of various land use alternatives can lie within a wide

range of values. For example, the ENPV of one of the options ranged from a low

value of PhP�29,577 ha�1 to a maximum of PhP 31.4 M ha�1. While timber-based

systems obtained the highest NPV, they seemed to be the most risky options, as

indicated by the high coefficient variations ranging from 164 to 205 %.

Advantages and Limitations of Risk Analysis

Advantages of risk analysis documented in the literature include the following:

• It can rescue a deterministic benefit–cost analysis that has run into difficulties

because of unresolved uncertainties in important variables.

• It can help bridge the communications gap between the analyst and the decision-

maker. A range of possible outcomes, with probabilities attached, is inherently

more plausible to a decision-maker than a single deterministic NPV. Risk

analysis provides more and better information to guide the decision.
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• It identifies where action to decrease risk might have the most effect.

• It aids the reformulation of projects to better suit the preferences of the investor,

including preferences for risk.
• It induces careful thought about the risk variables and uses information that is

available on ranges and probabilities to enrich the benefit–cost data. It facilitates

the thorough use of experts.

However, risk analysis in CBA is not a panacea. It has various limitations, such as

the following:

• The problem of correlated variables, if not properly contained, can result in

misleading conclusions.

• The use of ranges and probabilities in the input variables makes the uncertainty

visible, thereby making some managers uncomfortable.

• If the deterministic benefit–cost model is not sound, a risk analysis might

obscure this by adding a layer of probabilistic calculations, thereby creating a

spurious impression of accuracy.

• There is difficulty identifying the appropriate probability distribution for long-

term uncertain events.

Sources of Probability Data

One of the major tasks in conducting a risk analysis is identifying the sources of

probability data needed to specify the range of values each variable can take

(minimum to maximum) and the probability distribution of the values in that

range. There are two possible sources: historical data and expert judgment.

If historical data are available, the analyst can use the maximum and minimum

values that occurred in the past as an appropriate range for the values of the

variable. With the help of readily available commercial computer software pack-

ages for risk analysis, the probability distribution can easily be derived by fitting the

data to an appropriate functional form. In the absence of historical data, or if

historical data is not enough to underpin an estimate of the range and probabilities

of a particular variable, then it may still be possible to rely on expert judgment, even

though such judgments are typically subjective. For example, farmers are often able

to provide expert judgment on the minimum, most likely, and maximum crop yield

during El Niño, La Niña and neutral seasons based on their knowledge and long-

term experience in farming. Similarly, the agronomist can provide expert judgment

on the mostly likely yield of crops in any particular season.

A problem faced by SE Asia (and other parts of the world) is that, with the onset

of climate change, it is anticipated that the probability distributions for a number of

key driving variables such as temperature, wind, rainfall, floods and storm surge

will shift and change in form. While the performance of global climate change

models is continually improving, it will become increasingly necessary to rely on

projected modelling results rather than historical data. It also begs the question as to

whether a risk-neutral approach in economic appraisals is prudent, given that any
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shifts in probability distributions will have magnified effects in the tails of the

distributions and the associated extreme events.

Techniques for Valuing the Environment

Valuation Methods

Over the last few decades, economists have devised a wide range of economic

techniques to value the environment, some focusing specifically on developing

countries (Freeman 1993; Abelson 1996; Pearce et al. 2002; Haab and McConnell

2002; Hanley and Barbier 2009; Glover and Jessup 2006; Glover 2010). The

techniques belong broadly to three main categories: market-based techniques,

surrogate market techniques and stated preference models. Each technique is

described briefly below, including where it has been applied in the studies

appearing in this volume.

Market-Based Techniques

Productivity Changes Method

This approach can be used when an environmental change leads to changes in

production levels, costs or prices. Dose–response functions are usually needed to

estimate physical changes in production as a consequence of changes in environ-

mental conditions. Where changes occur only in output levels and/or costs, changes

in producers’ surplus can be estimated. If the change in productivity also results in a

change in market equilibrium price, changes in consumers’ surplus also need to be

considered. The productivity changes technique is applied in a large number of the

case studies in this volume: Zanxin Wang et al. (Chap. 3) for biodiesel production,

Nghiem Thi Hong Nhung (Chap. 6) for forestry, Yem Dararath et al. (Chap. 7) for

rubber production, Vo Thi Lang et al. (Chap. 8) for fish production, Bhadrani

(Chap. 9) for tourism and industry, Gunaratne (Chap. 10) for sand mining, Kalyan

et al. (Chap. 12) for forest products, Roongtawanreongsri et al. (Chap. 13) for

timber values, Jaimie Kim B. Arias et al. (Chap. 15) for fisheries and Vo Thanh

Danh (Chap. 16) for fisheries and agriculture.

Human Capital Approach

This method is frequently used in estimating external damage costs resulting from

environmental pollution or other undesirable impacts. Changes in labour produc-

tivity can be measured using the human capital approach. Usually, the focus is on
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adverse health effects, providing estimates of forgone income, costs of medical

treatment and costs reflecting psychological discomfort and distress. Reductions in

health-related environmental damage costs, resulting from the introduction of

environmental protection measures, can be incorporated in a CBA as benefits.

Results obtained using the human capital approach should not be interpreted as

the value of human life. Most economists prefer to avoid placing direct values on

life, although it is possible to obtain implicit policy values by observing the

expenditures undertaken by public authorities to reduce accident rates or serious

medical disorders. Another indicator is the willingness to pay by individuals to

reduce the risk of premature mortality. Rather than the value of life, it is usually the

value of statistical life (VSL) that is incorporated in a CBA. The ADB workbook on

valuing environmental impacts has a sound discussion of the costs of morbidity and

mortality including VSL (ADB 1996).

Defensive Expenditures

Defensive expenditures indicate the minimum amount that people would be willing

to pay to prevent an adverse environmental impact. The relevant environmental

benefits may exceed the expenditures involved, but if people are observed to be

actually undertaking such expenditures (e.g. the construction of levees to prevent

flood damage or the introduction of soundproofing in homes), it can be presumed

that their valuation of benefits will be at least as great as the costs incurred.

Defensive expenditures are assessed for flood control measures in the studies by

Jaimie Kim B. Arias et al. (Chap. 15) and Vo Thanh Danh (Chap. 16).

Replacement/Repair Expenditures

These expenditures are typically undertaken after environmental damage has

occurred, such as the application of fertilisers to offset a loss of soil nutrients or

the clean-up costs incurred by households after flooding. It is spurious to make

estimates of such costs and assume ex ante that they can be equated with environ-

mental benefits, as people may not be willing to incur the costs involved. Empirical

observations or surveys should be undertaken to demonstrate that the expenditures

have been or will be undertaken. It can be assumed that such expenditures represent

only a minimum value for the associated benefits. Flood damage estimates are

provided in the studies by Jaimie Kim B. Arias et al. (Chap. 15) and Vo Thanh Danh

(Chap. 16).

Shadow Projects

Expenditures on shadow projects are a special example of replacement cost. In the

environmental context, a shadow project is defined as a man-made substitute for a
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natural system that may be severely damaged or lost as a result of human activity.

The concept is closely related to environmental offset schemes, in which natural

ecosystems or ecosystem services displaced by development are replicated else-

where. When using the costs of shadow projects to value the environment, the same

caveats apply as for the defensive expenditure and replacement expenditure

approaches.

Surrogate Market Techniques

Property Value Differentials

In a competitive market, property asset prices and rents reflect the value of service

from a property, including productive and consumptive environmental services.

The property value approach (or so-called hedonic price method) can be used to

estimate the implicit price of environmental attributes. A common application is the

use of house prices to estimate environmental values. The same house with a given

set of attributes can be expected to command a much higher price in an attractive or

favourable environment, compared with an environment that is degraded.

The extent to which environmental attributes affect property values can be

determined using multivariable regression models. Alternatively, and more easily,

property value differentials generated by differences in environmental quality may

be assessed by property valuation experts. Property owners themselves are often

aware of the effects of environmental conditions on the value of their properties and

may provide such information by means of interviews or questionnaires. Jaimie

Kim B. Arias et al. (Chap. 15) and Saowalak Roongtawanreongsri et al. (Chap. 13)

both apply the property value approach when assessing flood damage in their

studies.

Travel Cost Method

The travel cost method assumes that the willingness to pay for recreation at a

particular site can be inferred from the cost of travel by visitors to the site. The

so-called zonal travel cost models are applied by undertaking an on-site survey to

ascertain the frequency of visits, distances travelled, the cost of travel (including the

implicit value of time), details of each visiting group and other socioeconomic

information. Population statistics must be obtained for different zones of trip origin,

and visitation rates by zone are calculated. A regression equation is derived

showing the relationship between visitation rates and travel costs. This equation

is then used to simulate the effect of hypothetical entry charges to derive a demand

curve for recreation at the site. Where entry to the site is free, the entire area under

the implicit demand curve provides an estimate of the consumers’ surplus. Where
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an entry fee is charged, consumers’ surplus comprises the area bounded by the price

line and the demand curve.

To estimate changes in benefits for a particular site resulting from a change in

environmental quality, such as an improvement in water quality, it is necessary to

predict an upward shift in the demand curve, indicating a higher visitation rate and

an increase in consumers’ surplus for those still visiting the site. The increase in

benefits is measured as the difference in total area between the original and new

implicit demand curves.

Variations of the travel cost model allow for substitute sites, congestion exter-

nalities and individual versus zonal models. The study by Bhadranie Thoradeniya

(Chap. 9) features an individual travel cost model to estimate recreation values in

the Ma Oya River Basin in Sri Lanka.

Wage Differentials

The wage differential method values differences in environmental quality or risk in

terms of the wages accepted by workers in different locations. It presumes that

workers will accept lower wages in environmentally attractive sites and demand

higher wages in degraded sites. Statistical models can be used to estimate the

implicit environmental values. However, the method is difficult to apply because

wages may be subject to various kinds of labour market rigidities and regulations.

In addition, decisions regarding workplace location are typically based on a much

wider set of criteria than environmental conditions or wages. None of the studies in

the present collection makes use of the wage differential approach.

Stated Preference Models

Contingent Valuation

The contingent valuation method (CVM) establishes a hypothetical market for an

environmental good or service and uses a survey questionnaire to elicit people’s
willingness to pay for some change in the supply or quality of the good or service

(Mitchell and Carson 1989; Bateman et al. 2002). CVM is one method of directly

measuring existence values and prospective values in an economic evaluation.

It can be used to measure use values as well as non-use values.

CVM is subject to a wide range of potential biases; thus careful consideration

must be given to the kind of scenario conveyed to respondents, the type of question

asked (open-ended questions, payment card method, bidding game techniques,

dichotomous choice), the specified payment vehicle and the statistical models

used. Application of CVM must be carefully designed and administered to mini-

mise biases. Gunaratne (Chap. 10) uses CVM to determine the WTP by miners for

royalties on sand extracted from rivers in Sri Lanka, and Jaimie Kim B. Arias
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et al. (Chap. 17) apply contingent valuation to determine the WTP for a

Technology-Based Flood Early Warning System to be installed along the Sta.

Cruz River Watershed in the Philippines.

Choice Modelling

Choice modelling is a stated preference technique in which respondents choose

their most preferred resource use option from a number of alternatives. Each

alternative exhibits a number of attributes such as land affected, impacts on

threatened species or cost to the household. Statistical models are applied to obtain

estimates of people’s WTP for particular environmental attributes as well as the

value of aggregate changes in environmental quality. Choice modelling can thus be

used to produce estimates of the value of multiple resource use alternatives.

Choice modelling has traditionally been applied to evaluate choices involving

consumer goods, transportation, tourism and the selection of landfill sites. Texts in

choice modelling include those by Louviere et al. (2000), Hensher et al. (2005) and

Bennett and Blamey (2001). The technique is increasingly being used in developing

countries, including applications to value environmental attributes (Bennett and

Birol 2010). The study by Cheryl Launio et al. (Chap. 5) applies choice modelling

of farmers’ preferences regarding the use of rice straw. Gunaratne (Chap. 10)

applies a discrete choice experiment (DCE) model to evaluate the preferences of

local communities regarding sand mining.

Other Approaches to Valuation

Benefit Transfer Method

The benefit transfer technique borrows values from a so-called study site and

applies them to a site to be evaluated (the policy site). Benefit transfers are used

in several of the studies in this volume. In the study of biofuel production by Loan

(Chap. 4), pollution damage costs are transferred from other similar studies.

Roongtawanreongsri et al. (Chap. 13) use transferred benefits, adjusted for income

levels and preferences, to value the ecosystem services provided by a protected

forest in Thailand.

Benefit values may be transferred in several ways. The values may be transferred

in unadjusted raw form. Examples include the typical value of a recreation visit to a

natural area or the value of a rare species. Values may be adjusted as part of the

transfer. For example, when the transfer involves two different countries, it is

necessary to convert currencies allowing for the exchange rate or purchasing

power of the currency. Other adjustments may be required to compensate for the

effects of inflation. Differences in living standards may be handled by means of

adjustment factors or value weights based on per capita incomes.
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A common practice is to transfer data relating to physical factors or relationships

at the study site and combine it with data applicable at the policy site. A good

example is transferring physical dose–response functions, such as those determin-

ing the physical impacts of air pollution on human health or crops, and valuing them

in terms of local costs and prices. Such functions may be derived by way of

multivariable regression models, in which local data for the explanatory variables

can be incorporated. Meta-analyses of comparable study sites (the compilation of

large databanks from numerous studies to permit generalised statistical analysis of

economic values) are an extension of this approach.

The robustness of the benefit transfer method depends largely on the quality of

results for the study sites and the presence of similar conditions at both the study

site and the policy site. For reliable use of the benefit transfer technique, the

attributes of the study and policy sites should be similar; any environmental change

under consideration at the policy site must be similar to that at the study site; and the

socioeconomic characteristics and preferences of the population should be similar

or at least adjusted as part of the transfer procedure.

Interactive website databases of environmental values have been constructed to

facilitate benefit transfers for the purpose of economic analysis (DECCW 2004;

Environment Canada 2009). In practical applications, this may be the only easily

accessible source of information to fill any gaps in environmental values required to

complete a CBA. Various authors have recently explored the use of choice model-

ling as a basis for transferring environmental values in economic analysis (Morrison

et al. 2002; Rolfe and Bennett 2006).

Delphi Technique

This approach uses direct questioning of experts or community representatives to

place a value on particular goods or services. It is usually applied in an iterative

fashion, in group sessions, to achieve a consensus result.

Valuation Methods Applied in Case Studies

Environmental valuation is a critical step in the procedure for conducting a CBA.

The case studies in this volume feature most of the valuation methods previously

discussed. In any full CBA, it is customary to begin with market and financial

values and modify them in accordance with the principles of welfare economics,

including the incorporation of nonmarket values where relevant. The issues,

approaches, methodologies and policy recommendations appearing in the studies

here have been determined by EEPSEA researchers themselves and accordingly

exemplify the kinds of economic assessments that may be carried out in Southeast

Asian countries.

2 Principles and Practice of Cost–Benefit Analysis 39



It may be noted that in many of the studies, there is an emphasis on productivity

changes and market values. Similar observations in a developing country context

have been made by other authors (Abelson 1996). This could simply reflect the

strong dependence of developing countries on natural resources to support real

incomes and livelihoods. Such countries usually have large populations in rural

areas, and their production activities typically take the form of cropping, fisheries,

forestry, aquaculture and animal production, all of which have close connections

with natural resource systems. Other factors may also be responsible, such as low

incomes and a limited ability of people to pay for environmental protection in the

form of public goods, institutional fragilities that make it difficult to implement

schemes that translate nonmarket benefits into actual payment schemes and bud-

getary constraints that limit the willingness and ability of governments to allocate

funding to environmental protection or improvement programmes and projects.

Several of the studies supplement the social economic analysis with financial

appraisals to explain the attitudes and behaviour of producers and the effects of

policy options on producers’ surplus. In other studies, market values are applied in

assessing the economic significance of environmental impacts on human health,

property and natural assets. The level of economic expertise required to apply

market-based valuation methods should not be underestimated, as the application

of these methods often requires complex analysis carried out in conjunction with

other disciplines.

Where markets do not exist or are subject to significant distortions, it is more

appropriate to consider using other valuation methods such as the travel cost

method, property value differentials and stated preference modelling. All these

methods have been applied in the case studies appearing in this volume. Two of the

studies use multinomial logit models to analyse the choice behaviour of individuals,

although not aiming specifically to provide environmental values. Some of these

techniques, if properly applied, require substantial funding and research input. In

developing countries funding support for economic assessments is often limited,

thereby necessitating the use of less sophisticated valuation methods. For this

reason, techniques such as cost-effectiveness analysis and threshold value analysis

are often applied in preference to full cost–benefit analysis.

The benefit transfer technique is applied in some of the studies where nonmarket

values are a component of the CBA, such as values for biodiversity and protected

areas. In several of the studies, benefit transfers are used to value externalities

associated with carbon emissions, although the values have typically been based on

abatement costs or the prevailing price of tradable carbon credits in markets for

certified emission reductions rather than direct valuation of environmental damage

costs.

Significant progress has been made in developing countries, especially in aca-

demia, on methods for estimating nonmarket environmental values. There is now a

growing awareness of the scope for applying stated preference models such as

CVM and choice experiments. As per capita incomes increase over time, it can be

expected that nonmarket values for the environment and natural resources will

assume even greater importance. However, a high level of skills in experimental
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design, data collection and econometric methods is required to apply such methods.

At present, the level of economic expertise tends to vary between countries. Some

countries have reached high standards in their education and training programmes,

but others still require further capacity-building.

It must be recognised that where benefit transfers are the only feasible source of

nonmarket values, appropriate values may be obtainable only if pre-existing

nonmarket valuation studies have been conducted for similar sites or circum-

stances. This underlines the importance of encouraging nonmarket valuation stud-

ies in capacity-building programmes, to help establish databases for economic

assessments where full valuation based on primary data cannot easily be

carried out.

Stated preference estimates of the WTP for environmental and natural resource

attributes or improvements have important potential applications in developing

countries. For example, they may guide the design and implementation of actual

pricing and charging systems such as payments for environmental services (Pagiola

et al. 2002), charges for reticulated water supplies and wastewater treatment

schemes and entry fees to national parks. Even where actual pricing is not possible,

implicit nonmarket values for natural assets can convey strong messages to

policymakers regarding levels of public sector investment that may be warranted

to protect such assets and meet community expectations.

The focus of economic analysis should clearly be on facilitating policy deci-

sions, not the derivation of values per se. In practice, valuation methods will tend to

be chosen that provide the most effective decision support and can realistically be

carried out in the context of available funding, data, technical expertise and the time

frame for research.

Strengths and Limitations of BCA

Limitations of Scientific Assessments

In most applications involving natural resources and the environment, the robust-

ness of the economics results depends critically on the integrity and reliability of the

scientific modelling and research that has been conducted for the biophysical

aspects, especially the interrelationships between the natural environment and

human activity. ‘Getting the science right’ is essential; otherwise economics results

will be seriously compromised. Scientific uncertainties continue to hamper eco-

nomic analyses of issues such as climate change, long-term impacts of persistent

pollutants on human health and the behaviour of natural ecosystems in response to

human activity.
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Multi-objective Trade-Off Analysis

As noted, in reality decision-makers may focus on a broader set of indicators of

wellbeing than economic efficiency. This is especially the case where sustainability
is the professed aim of policy or where outcomes are assessed in terms of triple

bottom line accounting: economic, social and environmental. Sustainability is best

regarded as a multi-attribute or multi-objective concept, involving considerations of

economic efficiency, ecological integrity, prevention of irreversible damage and

inter- and intragenerational equity.

Frameworks and procedures for assessing trade-offs among multiple objectives

may involve the use of decision support systems, participatory systems analysis

models and multi-criteria analysis models (Janssen 1993). Information relating to

economic efficiency may be incorporated in such models, alongside other indica-

tors of community wellbeing. One advantage of such models is that the information

used may be quantitative or qualitative and monetary or nonmonetary. However, it

is essential not to double-count effects within the analysis. For example, if various

kinds of physical indicators are adopted to represent the environmental outcomes of

options, they should not be double-counted as monetary environmental values in

the economic information. Similar caveats apply to social indicators.

Multi-criteria analysis (MCA) is applied in the study by Gunaratne (Chap. 10)

using the DEFINITE software program (Janssen et al. 2001) to evaluate options for

sand mining in terms of various social, economic, environmental and technical

criteria. Multi-criteria trade-off analysis is used also in the study by Wu Jian et al. (-

Chap. 14) in exploring options for managing the Qixinghe Wetland in China.

A major difficulty encountered in using multi-objective models is establishing

relative importance weights for the criteria adopted in the assessments. The weights

may be elicited from technical experts, community representatives or decision-

makers themselves. Various mathematical methods and elicitation procedures may

be used to derive weights (Janssen 1993). Subjective weights perform a similar

function to the monetary values in a benefit–cost analysis, but they clearly relate to

a broader set of objectives and decision criteria than economic efficiency.

The main challenge in applying methods such as MCA is to identify which

options, which criteria and whose value weights are to be taken into account when

setting up the evaluation framework and deriving the results. Success depends as

much on the processes of defining the decision problem and ensuring that repre-

sentative values are incorporated in the analysis as on the mathematical specifica-

tions of the calculations undertaken

Ownership of Assessment Process

A final limitation of CBA is that – depending on how the process is coordinated – it

may be dominated by technical experts, economists and bureaucrats, with little

opportunity for the community or different interest groups to gain a sense of
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ownership of the assessment process or the results of analysis. Stakeholders may,

however, be engaged in assessments by means of surveys, direct consultations,

focus group discussions, workshops and other participatory activities. The details of

analysis including assumptions adopted, techniques applied, data used and issues of

importance should be clearly identified, discussed and reported. Often, local

knowledge and experience is a valuable source of information. The study of river

basin management by Bhadranie Thoradeniya (Chap. 9) uses an educated trade-off

framework (ETF) and participatory decision-making process that includes assess-

ments and results of CBA.

Strengths of CBA

Transparency of Analysis

Perhaps the main strength of CBA is that it forces the analyst to undertake a

comprehensive assessment of factors that are likely to affect community wellbeing

as a consequence of any kind of planned action. The boundaries of analysis – both

spatially and temporally – must be clearly defined. If properly conducted, scientific

assessments underlying the economic analysis will be objective and soundly based.

Valuations undertaken by economists should also be objective, albeit based on a

narrow set of criteria relating to only one indicator of human wellbeing. All results

obtained in a CBA should be transparent and available for scrutiny and possible

amendment. The ability to explore different data inputs, structural relationships and

valuation methods, carry out sensitivity analysis and evaluate the results is a

particularly powerful feature of the method.

Promotion of Sustainable Economic Development

Possibly the greatest advantage of CBA is that it converts all information into a

single, easily understood indicator using monetary values as the common measur-

ing rod. In the early years of environmental management and environmental impact

assessment, limitations of environmental valuation methods meant that the eco-

nomic aspects of proposed developments were seen mainly in terms of direct

financial benefits to private interests, with environmental effects addressed only

in descriptive or qualitative form. Thus, the decision context was usually

conceptualised as ‘the environment versus development’ implying that a conflict

or trade-off between the two was necessarily involved. Invariably, state treasuries,

finance departments and economic development agencies gave greater weight to the

direct benefits of development initiatives that could be more easily expressed and

measured in monetary terms.

The insights offered by the World Commission on Environment and Develop-

ment dramatically changed this perception, convincingly demonstrating that
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environment protection and development should be mutually reinforcing (WCED

1987). CBA has emerged as an important vehicle for integrating the values of

natural resources and environment within mainstream development planning and

policymaking. As a facilitator of this process in South East Asia, through its

capacity-building programmes, EEPSEA has hopefully played a constructive role.
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Chapter 3

A Cost-Benefit Analysis of Jatropha Biodiesel
Production in China

Zanxin Wang

Abstract The seeds of Jatropha curcas L. (JCL) can be used to extract oil for

direct blending with fossil diesel or be further processed into JCL methyl ester

(JME) through transesterification reaction. This study assesses the economic, envi-

ronmental and energy performance of the production of the two end products using

a life cycle analysis method. The results show that at the current level of technology

and management, the production of JCL biodiesel is financially and economically

unfeasible but that JCL biodiesel has excellent environmental and energy perfor-

mance. If the seed yield can be improved to above 2.46 tonnes per hectare, it would

be economically feasible to produce any of the two end products. Also, the value of

carbon emission reduction can justify giving producers a subsidy.

Keywords China • Biodiesel • Life cycle analysis • Seed yield • Economic

feasibility

Introduction

Background

The increases in crude oil prices and the concern for environmental protection have

spurred the search for renewable alternative sources of oil (Shay 1993; Runge and

Senauer 2007; Hazell and Pachauri 2006). As an alternative fuel for diesel engines,

biodiesel is attracting greater attention throughout the world. Biodiesel is an

environment-friendly alternative to fossil fuel and holds immense potential to assist

in meeting the future energy needs of China. As a renewable, biodegradable and

nontoxic fuel, biodiesel has low emissions and thus is environmentally beneficial

(Krawczyk 1996).

Although biodiesel is a promising fuel, the production of biodiesel is challenged

by its cost and the limited availability of fat and oil resources (Ma and Hanna 1999).
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The present production of biodiesel is only about 4 billion litres per year globally

(Rajagopal and Zilberman 2007). Biodiesel has to compete economically with

petroleum diesel fuels, and the availability and sustainability of sufficient supplies

of less expensive feedstock will be a crucial determinant in delivering a competitive

biodiesel to commercial filling stations. One way of reducing biodiesel production

costs is to use less expensive feedstock containing fatty acids such as inedible oils,

animal fats, waste food oil and by-products of refining vegetable oils (Veljkovic

et al. 2006). Fortunately, inedible vegetable oils, mostly produced by seed-bearing

trees and shrubs, can provide an alternative.

With no competing food uses, attention has turned to Jatropha curcas L. (JCL),
which grows in tropical and subtropical climates throughout the developing world

(Openshaw 2000). JCL exhibits great advantages for biodiesel production. How-

ever, biodiesel production is still an emerging industry. The commercialisation of

JCL in China is fairly recent, with commercial seedling production beginning in

2005. JCL has emerged as a high-potential biodiesel feedstock because of its

adaptability to diverse growing conditions. Provincial governments in Southwest

China have drafted plans to increase the area of JCL planting by over one million

hectares in the next decade (Weyerhaeuser et al. 2007). Due to land availability and

natural advantages for the growth of JCL, Yunnan Province aims to build the largest

biodiesel base in China. According to ‘The plan for the development of biodiesel

feedstock plantation in Yunnan’, the total area of JCL plantation in Yunnan is one

million mu (1 ha¼ 15 mu) at present and will be increased to between 4 and

10 million mu at the end of 2010 and 2015, respectively (Bai 2007).

At present, there are more than 4 million hectares of barren land in Yunnan

Province, of which one third is suitable for the growth of JCL. The government

strategy for JCL plantation is to focus on these barren lands. Although Yunnan has

set an ambitious target of establishing the largest biodiesel base in China and

achieving energy independence, there is still a lack of information on the financial

and economic performance of biodiesel production.

Biodiesel Production Chain

The biodiesel production chain can be divided into four stages: (1) production of

JCL seeds through cultivation, (2) extraction and conversion of biodiesel, (3) dis-

tribution and retailing of finished fuels and (4) consumption of biodiesel.

The production of JCL seeds is mainly an agricultural activity in which JCL is

grown, harvested and transported to a conversion facility. It involves the establish-

ment and maintenance of JCL plantations and the harvest of JCL seeds and their

preliminary treatment. The establishment of JCL plantations includes site prepara-

tion, seed treatment, seedling cultivation, nursery management and transplanting.

The maintenance of JCL plantations involves irrigation, fertilising, weeding, dis-

ease control and pruning. The harvest of JCL seeds includes fruit flickering, drying

and transportation.
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The processing of JCL seed oil is an industrial activity in which the JCL seed is

converted into biodiesel. First, the ripe fruits are plucked from the JCL trees and

then are sun-dried and dehusked. To prepare the seeds for mechanical extraction,

they should be solar heated for several hours or roasted for 10 min. If chemical

extraction is chosen, the shelling of seeds can increase the yield of oil. The oil from

JCL seeds is then extracted by mechanical extraction using a screw press or solvent

extraction. Since mechanical extraction is more widely used in China, it is assumed

that the JCL oil is extracted using mechanical expellers.

The selected expeller specifications for calculation are from a private vegetable

oil company. Its processing capacity is 3–5 tonnes of seed per day (in an 8-h period)

using power of 7.5 kWh. The equipment for the oil refinery has a processing

capacity of 1 tonne of oil per day (in an 8-h period) using power of 7.41 kWh.

The JCL oil can be directly blended with diesel or can be made into biodiesel

through transesterification reaction with methanol. Because of its viscosity, JCL oil

is not suitable for direct use in engines. The high viscosity of JCL oil may contribute

to incomplete fuel combustion and the formation of carbon deposits in engines,

resulting in a reduction in the life of an engine and low thermal/energy efficiency

(Prasad et al. 2000). However, a significant reduction in viscosity can be achieved

by the dilution of vegetable oil with diesel in varying proportions (Pramanik 2003).

Among various blends, the blends containing up to 30 % (v/v) JCL oil have

viscosity values close to that of diesel fuel, and up to 50 % JCL oil can be

substituted for diesel for use in a compression ignition engine without any major

operational difficulties. Forson et al. (2004) showed that a 97.4 % diesel/2.6 % JCL

fuel blend produces maximum values for brake power and brake-thermal efficiency

as well as minimum values for specific fuel consumption and thus can be used as an

ignition-accelerator additive for diesel fuel.

In this study, biodiesel refers to the blend of JCL oil and diesel, JCL methyl ester

(JME) or its blends with diesel. That is, refined JCL oil can be directly used in

engines after it is blended with diesel. Nevertheless, the oil’s quality will be better,

and there will be fewer long-term problems if it is first converted into biodiesel.

This study assessed the costs and benefits for the two end uses.

When the end product is JME biodiesel, the selected production specifications

for calculation refer to a biodiesel plant which yearly produces 50,000 tonnes of

JME from JCL by transesterification. In the present study, it was assumed that the

distance between the oil extraction plant or workshop and the transesterification

plant or workshop is negligibly short, and thus no transportation cost is included in

calculation.

Although the transesterification process is quite straightforward, the genetic and

environmental background of reagents might require the modification of the input

ratios of the alcohol reagent and reaction catalyst and alterations to reaction

temperature and time, in order to achieve optimal biodiesel production results.

Zhou et al. (2006) studied the production of biodiesel using JCL oil and found that

the optimal conditions for transesterification reaction were that the molar ratio of

JCL oil to methanol is 1:6 and the amount of catalyst is 1.3 % of the weight of the

JCL oil, at which the yield of JME was higher than 98 % after a 20-min reaction
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time at 64 �C. For industrial production, the yields of JME and glycerol were about

96 % and 87 % of JCL oil, respectively (Li et al. 2007). JCL biodiesel has an overall

performance close to that of diesel and thus can be used a substitute for diesel (Chen

et al. 2006).

The distribution of JCL biodiesel involves the distribution of refined seed oil or

JME for blending with fossil fuels. It was assumed the distance between the biofuel

plant and the diesel distribution point is 10 km. The biofuel is transported by oil

tankers with a carrying capacity of 5 tonnes per trip. The consumption of diesel is

3 l per 10 km when the truck is loaded and 1 l per 10 km when unloaded. Because

the shared capital cost and labour cost is negligible, they were not included in the

calculation.

The consumption of JCL biodiesel refers to the ultimate end use where the

biodiesel enters the fuel tank of a vehicle or other engines. The data of the unit

emissions of CO2, N2O and CH4 was taken from the GREET (Greenhouse gases,

Regulated Emissions, and Energy use in Transportation) model developed at

Argonne National Laboratory (Wang 1999a, b) and other sources, including

Agarwal and Agarwal (2007) and Dai et al. (2006). However, since the emissions

of N2O and CH4 are low, the emission of CO2 from the combustion of biodiesel was

considered neutral because the emitted CO2 is originally from the atmosphere.

Research Questions

Before massive expansion of Jatropha plantation might occur, various economic

questions should be clarified. From a private perspective, the main questions are:

howmuch does biodiesel production cost at each stage; and what is the difference in

cost when JCL seed yield varies? Is it profitable to produce Jatropha biodiesel for

producers at different stages? If not, how much should they be subsidised to

promote the production of Jatropha biodiesel? From a societal standpoint, the

main questions are: can the production of Jatropha biodiesel be economically

justified? What are the main factors affecting its economic feasibility?

The results of the study undertaken here might provide important information to

support policymaking for the promotion of JCL biodiesel. Before rapidly scaling up

JCL acreage, a systematic study may also avoid unnecessary costs and reduce

financial risk for producers.

52 Z. Wang



Methodology

Data Collection

Data was collected from the areas designated for priority development, including

Honghe, Chuxiong, Xishuangbanna and Lincang. The following activities were

carried out in order to collect data: (1) interviews with producers and entrepreneurs

to understand their role in the biodiesel supply chain from extraction, conversion

and marketing including price and cost data at each stage; (2) visits to biofuel plants

to become familiar with production processes and obtain information on the capital

and labour inputs and outputs of products and residuals; and (3) interviews with

experts and visits to research organisations involved in the production of JCL

biodiesel.

The data covers the inputs and costs of biodiesel production at each stage, as well

as the yield data. Field surveys were conducted in Honghe and Chuxiong pre-

fectures of Yunnan Province, China. The data on seed production was collected

from Yuanjiang and Shuangbai counties, and the data on oil extraction was from

Erkang Science and Technology Co. Ltd. Secondary data includes the emissions of

fuels and fertilisers from the GREET model and other technological inputs and

outputs from related journal articles.

Price data for fertilisers, fungicides and herbicides was collected through field

surveys. The seed price was obtained by interviewing investors in JCL plantations.

The data for capital costs were directly sought from producers at different stages,

including hoes, spades, shovels, mechanical expellers, refinery equipment and so

on. The labour cost per hectare of JCL plantation was calculated by multiplying the

local wage rate with the total hours or days involved. The cost of a hectare of land

was considered negligible since JCL plantations would be established on barren/

marginal land. The energy requirement per kilometre in transportation, obtained

from survey of local drivers, was used as basis for estimating energy use and carbon

emissions from transportation at different stages of biodiesel production.

Data Analysis

Both the financial and economic feasibilities of Jatropha biodiesel production were
estimated using the cost-benefit analysis method. Due to lack of shadow price

information, market prices were used in both analyses. Moreover, only the external

value of carbon emission (reduction) is included in the economic analysis.

It was assumed that: (1) the time horizon for the project is 30 years (the life

expectancy of JCL is 30–50 years), the number of working days is 330 days per year

and the discount rate is 8 %; (2) the spacing in the JCL plantation is 2 m� 3 m, or

the tree density is 1,650 per hectare; (3) the seed yield is 1,485 kg per hectare

(500 fruits per tree); (4) 1 l of JCL oil is equivalent to 1 l of diesel because 1 l of
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diesel has a calorific value equivalent to 0.994 l of JCL oil, calculated according to

the average calorific values and specific gravities of diesel and JCL oil; (5) the

distance between the JCL plantation and oil refinery or fertiliser plants is 50 km,

while the distance between the oil refinery and the oil distribution station is 10 km;

the carrying capacity of trucks is 3 tonnes and that of oil tankers is 5 tonnes.

The data analysis consists of five parts. First, an explicit cost accounting model,

a spreadsheet budgeting model, was first used to estimate the profitability of an

activity for a single price-taking agent, such as an individual farmer or processor;

and an analysis was then conducted to estimate the financial feasibility of the whole

process of biodiesel production from the perspective of producers. Second, the

carbon balance was accounted and valued. Third, an economic analysis was

conducted by valuing cost and benefit using shadow prices and incorporating the

value of carbon sequestration and the value of fruit husks as a fuel substitute for

coal. Fourth, the energy efficiency of JCL biodiesel production was assessed

(although that analysis is not presented here). Fifth, sensitivity analysis was carried

out to identify significant variables affecting the financial and economic perfor-

mance of JCL biodiesel production.

Financial Analysis

In each stage of production, the unit cost of production in the nth year is given by

Cin ¼
XJ

j¼1

QijnPjn þ Ain þ Din þ Ein ð3:1Þ

where Cin is the unit function of production at the ith stage in the nth year; Qij is the

amount of the jth input used at the ith production stage; Pj is the price of the jth
input, such as labour and materials; J is the total number of input used at the ith
stage; Ain is the abatement cost at the ith stage in the nth year, if applicable;Di is the

charge for the depreciation of fixed asset at the ith production stage in the nth year;
and Ei is the distributive cost at the ith production stage in the nth year. The fixed

asset was depreciated using the straight-line average service life method, assuming

a salvage value to be 5 % of the total.

For producers at each stage, the financial feasibility was assessed using the

following equation:

FNPVi ¼
XN

n¼0

NCFin

1þ rð Þn ð3:2Þ
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NCFin ¼ qin Pið Þ þ
XM

m¼0

qinmpim � qin Cinð Þ ð3:3Þ

where FNPVi is the financial net present value of biodiesel production at the ith
stage; NCFin is the net cash flow at the ith stage of production in the nth year; N is

the project horizon; n is the nth year of the project; r is the discount rate; qi is annual
quantity of products, say, seeds at the first stage and extracted oil at the second

stage; Pi is the local price of products produced at the ith stage; qinm is the quantity

of the mth by-product produced at the ith stage in the nth year; pim is the price of the

mth by-product; andM is the total number of by-products produced at the ith stage.
The influences of taxes or subsidies on the net financial return at the ith stage can

be assessed when tax and subsidy are included in Eq. (3.2).

A financial analysis was conducted to estimate the financial feasibility of whole

process of biodiesel production. The financial feasibility was assessed by the net

present value of the production, which is given by

FNPV ¼
XN

n¼0

PnQn þ
X4

i¼1

XM

m¼0

qinmpim �
X4

i¼1

Cin �
X4

i¼1

Tin þ
X4

i¼1

Sin

1þ rð Þn ð3:4Þ

where FNPV is the financial net present value of biodiesel production; Pn is the

price of biodiesel in the nth year; Qn is the quantity of biodiesel produced in the nth
year; and Tin and Sin are the tax levied and subsidy given at the ith stage in the nth
year, if applicable. Note that T and S appear in the above equation, but they may

occur at different stages of production. This means it is possible that a producer at a

certain stage is subsidised, while the producer at another stage is taxed.

Carbon Accounting and Valuation

At each stage of the biodiesel supply chain, there are potential environmental

impacts such as habitat destruction, carbon sequestration and emissions of liquid

and/or solid hazardous gases. Owing to limited time and financial resources, this

study considered only the carbon balance in the production chain for JCL biodiesel.

Accounting for the carbon balance was conducted from the cultivation of JCL trees

to the combustion of biodiesel.

The carbon balance is the sum of the reduced carbon stock minus the added

carbon stock in the whole life cycle of JCL oil. The inventory covered all inputs and

processes involving net emissions or sinks of the major GHGs (CO2, CH4 and

N2O). All emissions from the cultivation of JCL trees, seed transportation and

processing, biodiesel transportation and combustion were accounted for. In the first

stage, carbon emissions emanate from fuel consumption and fertiliser application
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and carbon sequestration by JCL plantations. In the second and third stages, carbon

is released as fuel is burned. In the fourth stage, carbon is emitted when biodiesel is

combusted. Inventory mass emissions were summed and converted into a final

global warming potential measured in CO2 equivalent considered over a 100-year

timescale: CO2¼ 1, CH4¼ 23 and N2O¼ 296 (Styles and Jones 2007).

According to Revised 1996 IPCC Guidelines (IPCC 1996), CO2 emissions from

biomass combustion are considered to recycle atmospheric CO2 if biomass is

extracted from a sustainable (i.e. replenished) source. These CO2 emissions are

therefore excluded from net emission calculations. The combustion of biodiesel in

locomotives is assigned a zero emission factor to account for the carbon sequestered

during the cultivation of Jatropha trees.

When the end product is JME, glycerine is a coproduct. The carbon emission

from synthetic glycerine (9.6 kg CO2-eq. per kg glycerine) was considered a credit

to the carbon balance of JME production.

The CO2eq balance is mathematically expressed as

Wco2e ¼
X4

i¼1

CRi �
X4

i¼1

CEi ð3:5Þ

where WCO2eq is the CO2eq balance of the life cycle of JCL biodiesel, i is the ith
stage of production, CRi is the amount of CO2eq emission reduced at the ith stage

and CEi is the amount of CO2eq emitted at the ith stage.

The monetary value of carbon was estimated using an implicit price for tradable

emission permits in the international carbon market and then incorporated in the

economic analysis.

Economic Analysis

The economic feasibility of biodiesel production was assessed using the following

equation:

ENPV ¼
XN

n¼0

PnQn þ
X4

i¼1

XM

m¼0

qinmpim þ VE �
X4

i¼1

Cin � CE

1þ rð Þn ð3:6Þ

where ENPV is the economic net present value of biodiesel production, VE is the

total environmental benefit and CE is the total environmental cost.

The production of biodiesel is economically feasible if the ENPV is positive. If

the ENPV is greater than the FNPV, provision of subsidy could be justified.
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Results

Financial Analysis of JCL Oil Production

The financial analysis is composed of two parts: first, the financial feasibility of the

different stages of JCL oil production when the seed producer and oil producer are

independent; and second, the financial analysis of JCL oil production when the

entire production is handled by a single producer.

Seed Production

The production of JCL seeds starts from seedling cultivation to seeds delivered to

oil extraction plants and involves activities that include transplanting, site prepara-

tion, tending, seed collection and drying, husk removal and transportation.

Assuming a base yield of 1,485 kg per hectare (500 fruits per tree), the total cost

at the seed production stage is 73,609 yuan per hectare. The main costs are

associated with fruit drying and husk removal, fruit collection, fertilisation, fungi-

cide spraying and weeding.

To estimate the revenue of seeds, the present price of JCL seed, 2 yuan per kg,

was used. Using Eq. (3.2) the financial net present value at seed production stage

(FNPV) was calculated to be �8,425.46 yuan per hectare. A breakeven price at the

seed production stage (i.e. the price that the producer would need to receive to cover

all operating, overhead and establishment costs of production of JCL seed) was

calculated as 2.6 yuan per kg.

The results show that the production of JCL seed is not financially feasible. The

FNPV tends to increase as the seed yield is improved. When the price of seeds is

2 yuan per kg, the FNPV will be positive only if the seed yield is higher than

3 tonnes per hectare. Efforts to reduce the cost of seed production, particularly

labour cost, could enhance seed profitability.

The FNPV is also highly sensitive to any change in seed price. When the seed

yield is 1,485 kg per hectare, the breakeven price of seed is 2.6 yuan per kg. At the

present seed price of 2 yuan per kg, the FNPV is negative. Obviously, if a target for

using biodiesel is established, the gap would have to be bridged by a government

subsidy on seed production, as long as there is an economic justification for such a

subsidy.

JCL Oil Extraction

When mechanical extraction is used, the oil extraction stage begins with heating

seeds into refined JCL oil. When the seed yield is 1,485 kg/ha, the total cost of the

processing of JCL seeds is 2,321.91 yuan per tonne. The major cost comes from the
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purchase of the seeds which accounts for 86.13 % of the total cost, while the sum of

all the other costs accounts for only 14.87 %.

The oil percentage ranges from 32.2 to 40.2 % in seeds when oil is extracted

using an engine-driven expeller, but this yield comprises only crude oil. According

to a survey at an oil extraction plant of Erkang Science and Technology Co. Ltd.,

the yield of refined oil is about 30.4 %. Based on the specific gravity of JCL oil, the

cost of producing 1 l of JCL oil is calculated to be 6.99 yuan per litre when the seed

price is 2 yuan per kg.

Subsidies Required for JCL Oil Production

Subsidies would be required for both JCL seed producers and processors if a

biodiesel output target is to be achieved.

At the seed production stage, subsidies can be provided based on the weight of

seeds or the area of JCL plantation. Assuming that both the seed producers and

processors receive a margin of 10 %, the two kinds of subsidies are shown in

Table 3.1. Subsidies are required when the seed yield is lower than 3 tonnes per

hectare. The required subsidy tends to decrease as the seed yield increases.

At the oil extraction stage, subsidies can be based on the volume of JCL oil.

According to the average calorific values and specific gravities of diesel and JCL

oil, it was calculated that 1 l of diesel has a calorific value equivalent to 0.994 l of

JCL oil, so 1 l of JCL oil is equivalent to 1 l of diesel. As previously calculated, the

breakeven price of JCL oil is 6.99 yuan per litre when the seed yield is 1,485 kg per

hectare. Based on the present local price of diesel, 5.89 yuan per litre, the subsidy is

1.88 yuan per litre when a margin of 10 % is assumed. An increase in the price of

diesel may provide an incentive for investors in JCL oil.

Full-Chain Financial Analysis of JCL Biodiesel Production

When production chains of both JCL oil and JME are operated by single producers,

the financial feasibility is shown in Table 3.2. Both JCL oil and JME can be end

products. The results reveal that the FNPVs of the production of the two end

products are negative. That is, production is not financially feasible for JCL oil or

JME.

The major cost in the production of JCL oil or JME is incurred at the seed

production stage. As an extension of JCL oil, the transesterification reaction

involves additional costs. However, as a coproduct of JME, glycerine shares

8.1 % of the total cost according to credits for allocation which are determined in

terms of the market values of JME and glycerine. As a result, the FNPV of JME is

slightly higher than that of JCL oil.

When the production chain, beginning with seedling cultivation to end products

of JCL oil or JME, is operated by single producers, subsidies can be provided

according to the amount of JCL oil the producers produce. The subsidy rate can be
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determined according to the breakeven price of the end product. The analysis

revealed that, assuming a margin of 10 %, the difference between the breakeven

prices or required subsidy rates of JCL oil and JME is insignificant.

The production process for JME begins with the pretreatment of JCL oil and

continues with the transesterification of the oil and the refinement of JME and

glycerol. Based on a production line with an annual capacity of 50,000 tonnes of

JME, the inputs were taken from Li et al. (2007). Excluding the cost of seed oil, the
cost of production of JME is 674.68 yuan per tonne, among which the major

expenditures are methanol, catalyst, electricity, NaOH and coal. Since glycerol is

a coproduct of JME, the costs shared by JME and glycerine were found to be 615.31

yuan per tonne of JME and 59.37 yuan per tonne of JME, respectively, by allocating

credits between JME and glycerol according to their market values.

As a coproduct of JME, glycerol contributes around 8.1 % of total revenue.

Based on the market values of JME and glycerol, the total cost was allocated by

assigning 91.9 % to JME and 8.1 % to glycerol. According to the outputs and shared

costs, the breakeven prices of JME were calculated to be 8.91 yuan per litre. If they

Table 3.1 Subsidies required for the production of JCL seeds

Annual seed yield (kg/ha) 297 891 1,485 079 2,673 267 3,861 4,455

Breakeven price of seed

(yuan/kg)

7.4 3.4 2.6 0.3 0.1 2.0 1.9 1.8

Subsidies based on seed

weight (yuan/kg)

5.4 1.4 0.6 0.3 0.1 0 0 0

Annual subsidies based on

plantation area (yuan/ha)

1,603.8 1,247.4 891 623.7 267.3 0 0 0

Table 3.2 Full-chain

financial analysis of JCL

biodiesel
Item

Quantity

JCL oil JME

Cost of seed production (%) 88.38 82.83

Cost of oil extraction and refining (%) 11.40 10.89

Transesterification cost (%) 6.10

Cost of biodiesel distribution (%) 0.22 0.19

Total cost (104 yuan/ha) 4.11 4.39

Cost of JME 4.03

Cost of glycerine 0.36

JCL oil or JME output (104 l/ha) 1.33 1.30

Glycerine output (t/ha) 1.06

Total revenue (104 yuan/ha) 2.73 2.89

FNPV (104 yuan/ha) �1.38 �1.37

Breakeven price (yuan/l) 8.87 8.91

Required subsidy rate (yuan/l) 3.97 4.01
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purchase JCL seeds to produce JME, producers should be provided with a subsidy

rate of 4.01 yuan per litre, assuming a margin of 10 % of the breakeven price.

Carbon Balance for JCL Biodiesel

When different technology options are chosen, the carbon balance of the end

product will differ. Analysis of the carbon balances for end products of JCL oil

and JME follows below.

When JCL oil is directly used by blending it with fossil diesel, its life cycle

carbon balance is as shown in Table 3.3. The production and use of JCL oil has a

positive carbon balance. JCL plantations and JCL oil are major contributors to the

carbon balance. As coproducts of JCL oil, the combustion of fruit husks can also

reduce carbon emission s when they are used as a substitute for coal.

The major GHG emitters are the application of fertilisers and the transportation

of seeds and fertilisers. Although a lot of direct energy is used in the oil extraction

stage, the GHG emissions are relatively small.

The production process for JME is an extension of that for JCL oil. The carbon

sources of the former differ from that of the latter starting with the transesteri-

fication reaction. The life cycle carbon balance of JME is positive, similar to that of

JCL oil.

Intuitively, more GHG will be emitted for the production of JME because more

inputs are used. However, as a coproduct of JME, glycerine adds a credit to the life

cycle carbon balance of JME because it can be considered a substitute for synthetic

glycerine. Consequently, the life cycle carbon balance of JME is higher than that of

JCL oil.

Table 3.3 Life cycle carbon accounting for JCL biodiesel

Sources of CO2 reduction

Quantity of CO2 equivalent

JCL oil JME

Application of fertilisers (for the first 3 years) (kg/ha) �6719.65 �6719.65

Transportation of seeds and fertilisers (kg/ha) �972.25 �972.25

JCL plantation (t/ha) 61.93 61.93

Substituting coal with Jatropha fruit husks (kg/ha) 321.97 321.97

JCL oil extraction and refining (kg/ha) �172.27 �172.27

Substituting fertilisers with seed cake (t/ha) 6.16 6.16

Transesterification of JCL oil (t/ha) �2.37

Substituting synthetic glycerine with bio-glycerine (t/ha) 10.18

Distribution of end products (kg/ha) �14.3 �13.32

Substituting fossil diesel with JCL biodiesel (t/ha) 37.11 36.21

Life cycle carbon balance per ha plantation (t/ha) 97.64 104.54

Life cycle carbon balance per litre biodiesel (kg/l) 7.34 8.04
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Economic Feasibility of the Production and Use of JCL
Biodiesel

The economic feasibility study included the carbon value and the value of fruit

husks and seed shells, where fruit husks and seed shells are considered to be

substitutes for coal. According to Xing and Wang (2009), the price of CER in

China’s CDM market was around €10/t or 91.8 yuan per tonne. This was the most

recent price since the global financial crisis although it was previously much higher.

The fruit husks were first converted to the coal equivalent based on their calorific

value, and then the coal price, 450 yuan per tonne, was used as the proxy price of

fruit husks since fruit husks are not traded in the market.

Table 3.4 shows that, when no other external values are included, the ENPVs of

JCL oil and JME are both negative, with the former slightly higher than the latter.

The total value of carbon emission reduction and fruit husks is 7,800 yuan per

hectare, which is an important external benefit in the production of JCL biodiesel.

However, the ENPVs are slightly lower than zero, and there is good potential for

providing an economic justification for the production of JCL biodiesel if the

production technology is improved.

Sensitivity Analysis

Sensitivity analysis assesses risks by identifying the variables that most influence a

project’s economic feasibility and quantifying the extent of their influence. The

analysis was conducted by varying the value of certain variables. These included

biodiesel price, yields of JCL seeds, discount rate and total cost.

Table 3.4 Economic feasibility of JCL biodiesel production

Item

Quantity

JCL oil JME

Total cost (104 yuan/ha) 4.11 4.39

Value of carbon emission reduction (104 yuan/ha) 0.50 0.52

Value of fruit husks (104 yuan/ha) 0.28 0.28

Value of JCL biodiesel (104 yuan/ha) 2.73 2.66

Value of glycerine (104 yuan/ha) 0.24

Total revenue (104 yuan/ha) 3.51 3.70

ENPV (104 yuan/ha) �0.60 �0.69
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Sensitivity of Financial Feasibility

As a determinant of biodiesel output, seed yield has a significant effect on the

FNPV. The FNPVs tend to increase as the seed yield is enhanced, as shown in

Table 3.5. Because the marginal cost is higher than the marginal revenue, the

FNPVs are still negative even when the seed yield is as high as 3,861 kg/ha.

Since the unit cost of JME is higher than that of JCL oil, changes in seed yield

have a bigger effect on the FNPV of JCL oil than that of JME. The gaps between the

FNPVs of two end products increase as the seed yield improves. When the seed

yield is lower than 1.66 t/ha, the NPV of JME is higher than that of JCL oil. The

contribution of glycerine to the NPV is higher when the seed yield is lower and

tends to decrease as the seed yield increases.

The FNPV is also affected by the discount rate, representing the opportunity cost

of investment. The FNPVs tend to increase as the seed yield is improved. However,

the NPV of JME is more sensitive to a change in the discount rate than that of JCL

oil. When the discount rate is 6.8 %, the production of JME and JCL oil will yield

the same NPV. The NPV of JME is lower than that of JCL oil when the discount

rate is lower than 6.8 %, and the relationship reverses when the discount rate is

higher than 6.8 %.

The FNPVs of JCL oil and JME are also very sensitive to changes in the

production cost. That is, a slight change in production cost will result in a sharp

decrease in the FNPVs of both end products. Thus, more effort should be made to

reduce the total cost to enhance the financial feasibility of the production of JCL

biodiesel. In particular, major efforts should be focused on the seed production

stage because more than 80 % of the total cost is incurred at the seed production

stage.

Sensitivity of Economic Feasibility

Despite many other external benefits that the production of JCL biodiesel may

bring, only the values of carbon emission reduction and fuel coproducts were

considered. The value of carbon emission reduction was based on the price of

CERs (Certified Emission Reductions) in the CDM (Clean Development Mecha-

nism) market. Fuel coproducts refer to the fruit husks, which were valued according

to the price of coal based on the amount of calorific value. Because the carbon

balance and coproduct output is affected by the seed yield, the economic value is

thus affected by seed yield.

The ENPV increases as the seed yield increases; it becomes positive if the seed

yield is higher than 2.27 t/ha for the production of JCL oil and 2.46 t/ha for the

production of JME. Since they tend to increase as the seed yield is improved, the

values of carbon emission reduction and fruit husks play an important role in

making the ENPV positive. Positive ENPV may provide an economic justification

for providing subsidies to producers.
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The gap in ENPVs between the end products of JCL oil and JME is small.

However, the gap between the ENPV of the two end products tends to become

larger as the seed yield increases. Obviously, from an economic perspective, it is

more desirable to produce JCL oil as a final product when the seed yield is high.

However, the long-term effects of JCL oil on engines are unknown.

Other factors may also affect the ENPV, but their effects are the same as their

effects on the FNPV and carbon balance. Thus, only the effect of changes in seed

yield was analysed in the study.

Conclusions and Policy Implications

JCL seeds can be used to extract oil for direct blending with fossil diesel or be

further processed into JME through transesterification reaction. This study assessed

the financial and economic feasibilities of the production of these two end products

using a cost-benefit analysis method.

The results show that, at the current level of technology and management, the

production of JCL biodiesel is financially and economically not viable, noting that

external values other than that of carbon emission reductions were not included.

However, if seed yield can be improved to above 2.46 t/ha, it would be econom-

ically feasible to produce either of the two end products.

To promote the development of the JCL biodiesel industry, government support

is indispensable. When JCL seed and oil is produced by different producers, the

required annual subsidies are about 881.66 yuan per hectare for seed producers and

2.68 yuan per litre for oil producers when the seed yield is 1,485 kg/t and the diesel

price is 5.22 yuan per litre, assuming a margin of 10 % for producers. When JME is

the end product and producers purchase JCL seeds to produce JME, about 4.01 yuan

per litre should be made available to producers to make enough revenue and break

even on costs. If the seed yield is higher than 1,485 kg/t, the compensation rate for

producers at different stages of the production chain tends to decrease. In particular,

no compensation is required if the seed yield is higher than 3,267 kg/t and the seed

price (i.e. 2 yuan per kg) prevails. If the production chain is run by a single

producer, then compensation rates for the end products of JCL and JME are 3.97

yuan per litre and 4.01 yuan per litre, respectively.

For both end products of JCL oil and JME, the major costs are incurred at the

seed production stage, which accounts for more than 80 % of total costs. In detail,

these costs are from the purchase of fertiliser, fruit collection and drying, husk

removal and weeding.

Based on the above-mentioned results, the life cycle of the financial and eco-

nomic performance of JCL biodiesel can be improved in the following areas: (1) at

the current level of oil extraction technology, since much oil is still in the seed cake

after pressing, oil yield could be improved by optimising the production process;

(2) seed yield can be improved through the selection of high-yield seed varieties

and genetic improvement; (3) the creation of machines for dehusking and fruit
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collection would reduce the cost of seed production; (4) the labour cost of fruit

collection can be reduced by cultivating high-yield and dwarf varieties; (5) financial

and economic feasibility can also be improved by developing high-value-added

products from coproducts – for example, the seed cake can be used to produce

foodstuff and pesticides, and glycerine is an important raw material for some high-

value pharmaceuticals, such as antivirus medicines. In particular, other positive

external values could be generated when biodiesel production is coupled with

ecological restoration. The results of the study have the following policy

implications:

China’s Renewable Energy Law, which was passed by the Congress on

28 February 2005 and took effect on 1 January 2006, laid a solid foundation for

the production of JCL biodiesel. This law shaped an integrated renewable energy

policy framework by providing a set of directives encouraging renewable energies,

including national renewable energy targets, a special fiscal fund, tax relief or

exemption, and public research and development support as well as education

and training. Although it provides a framework, China’s Renewable Energy Law
requires relevant governmental authorities to formulate specific measures for the

production and use of biofuels, especially JCL biodiesel, which is targeted for

promotion by many provinces.

Despite its lack of financial feasibility, the production and use of JCL biodiesel

as a labour-intensive economic activity could generate many job opportunities and

increase farmers’ income. The positive carbon balance and significant energy

efficiency of JCL provide a way for governments to respond to climate change

and energy security. These outcomes are consistent with governments’ expectations
and thus have important policy implications for policymakers.

In 2006, the State Administration of Taxation announced that biodiesel would be

exempt from consumption tax. In 2008, the Ministry of Finance, State Administra-

tion of Taxation and National Development and Reform Committee jointly

announced that 90 % of the income tax on biodiesel would be reduced. In the

same year, the Ministry of Finance and the State Administration of Taxation

enacted a policy that if more than 70 % of the raw material of biodiesel is from

plant oil and waste animal fat, the value-added tax would be refunded to producers.

Within this policy context, no tax was assumed for the production and consumption

of JCL biodiesel. The results show that to promote the industrialisation of JCL

biodiesel, tax exemption is not enough.

Although China has set up a directive to subsidise woody feedstock producers of

3,000 yuan per hectare (China Daily 2007), it is clearly insufficient to make up the

loss in JCL seed production. Moreover, the government has set up the subsidy rate

for bioethanol plants, but no policy is yet available for the subsidisation of biodiesel

plants. The experience of other countries shows that government support plays a

critical role in the promotion of biofuels. For example, to improve the competitive-

ness of biofuels, many countries, such as Germany and France (Manuel and Peters

2007), levy a consumption tax on gasoline and diesel and reduce or exempt tax on

biofuels. Mandatory blending obligations can also be adopted to promote biofuel

production.
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Considering that most of the provinces that are putting a great deal of effort into

promoting JCL biodiesel are poverty stricken, there is an opportunity to integrate

rural development with the production of JCL biodiesel. In particular, as the cost

accounting shows, the production of JCL biodiesel is labour intensive and can be

integrated with government strategies for rural development, such as job creation

and poverty alleviation.

The production and use of JCL biodiesel can greatly reduce GHG emissions.

This positive environment performance has significant implications for China’s
commitment to carbon emission reduction, that is, for the carbon emission per unit

of GDP in 2020 to be 40–45 % lower than that of 2005 (set before the Copenhagen

Climate Change Summit). To substitute fossil fuel with biofuel could be an

effective measure in the implementation of China’s energy saving and emission

reduction programme.

The effect of reducing GHG emissions is a positive externality which can

provide partial justification for government to subsidise JCL biodiesel producers.

The economic performance of JCL biodiesel can be greatly improved if it is

possible to integrate the development of the biodiesel industry with CDM projects.

However, such integration requires new mechanisms and institutional

arrangements.
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Chapter 4

Comparing the Social Costs of Biofuels
and Fossil Fuels: A Case Study of Vietnam

Loan Le Thanh

Abstract Biofuel production has been promoted to save fossil fuels and reduce

greenhouse gas (GHG) emissions. This paper investigates biofuel’s energy effi-

ciency, GHG emission performance, and cost-effectiveness energy for transporta-

tion. Energy and GHG balances are calculated for a functional unit of 1 km using

life-cycle assessment and considering effects of land use change (LUC) and man-

aged soils in feedstock production. In comparison with biodiesel, the production

and utilisation of ethanol performs better in terms of cost-effectiveness and energy

efficiency. It also shows acceptable GHG emission performance. The results con-

firm that, with their current fuel consumption, it is possible to substitute gasoline

and diesel with E5 and E10 ethanol and B5 and B10 biodiesel, respectively, to

achieve energy efficiency and GHG emission saving.

Keywords Vietnam • Biofuel • Cost-effectiveness • Energy efficiency • Social cost

Introduction

Background

The global transportation sector is relying heavily on fossil fuels, which contributed

96.3 % of the sector’s energy consumption in 2009 (Davis et al. 2010). Fossil fuel-

related CO2 emissions from the global transportation sector accounted for 23 % of

total CO2 emissions from fuel combustion in 2009 (IEA 2011a). Interest in biofuels

as substitutes for fossil fuels has increased worldwide for three reasons. Firstly,

biofuels potentially substitute for fossil fuels in the context of an increase in energy

price due to an increase in energy demand and insecurity of supply (Greene 2007;

Rajagopal and Zilberman 2007; Edwards et al. 2008; IEA 2011a, b). Secondly,

biofuels are suggested as a solution for climate change mitigation (IEA 2011a, b;

Edwards et al. 2008; Schipper et al. 2009; Leather 2009). Thirdly, biofuel
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production has the potential to foster rural economic development (Greene 2007;

Rajagopal and Zilberman 2007).

Biofuel substitution has been recommended in the literature and promoted in

many countries. However, there are concerns about its economic viability (Schipper

et al. 2009; Leather 2009; Kovacevic andWesseler 2010; Jung et al. 2010; Ajanovic

and Haas 2010; Jaeger and Egelkraut 2011; Hu et al. 2008). To make biofuels

competitive with fossil fuels, subsidies have been implemented in many countries

(Jung et al. 2010; Ajanovic and Haas 2010; Jaeger and Egelkraut 2011). Neverthe-

less, a comparison of cost-effectiveness between biofuels and fossil fuels has not

yet been conducted properly in many studies (Jaeger and Egelkraut 2011; Hu

et al. 2008; Duer and Christensen 2010; Wang et al. 2011).

In previous studies a functional unit (FU) in terms of MJ or L has been used. This

would be appropriate if biofuels were utilised in the form of heating energy or pure

fuels (Gnansounou et al. 2009), but not in the form of blends for transportation,

because the fuel efficiency should be considered. The use of substitution ratios

between fossil fuels and biofuels based on the fuel efficiency of fossil fuels and

blends (not pure biofuels) is also not appropriate (Gnansounou et al. 2009; Lechon

et al. 2009; Nguyen et al. 2007). In addition, the external costs and benefits of

biofuel production and utilisation have often not been considered in previous

studies, with the exception of Kovacevic and Wesseler (2010). The GHG emissions

associated with the effects of land use change and managed soils in biofuel

feedstock plantation are either considered in terms of physical units or overlooked

in comparison with fossil fuels (Reijnders 2011). In Le et al. (2013) the energy and

greenhouse gas balances of ethanol were reported.

Objectives of Study

In this paper the aim has been to compare the social costs (i.e. the sum of private and

external costs) of biofuels and fossil fuels for an FU, defined as 1 km of vehicle

transportation. This FU embodies the fuel efficiency, and it is proper for the

comparison of biofuels and fossil fuels in transportation.

The study contributes to the existing literature on the cost comparison of biofuels

and fossil fuels by considering both private and non-private costs. Empirical results

are based on a case study in Vietnam, where cassava-based ethanol and jatropha-

based biodiesel are most promising (Nguyen 2010; Le 2010; Government of

Vietnam 2007, 2010; MARD 2008). The study compares two biofuels and their

alternative fossil fuels, ethanol and gasoline, and biodiesel and diesel, with a focus

on the blends of E5 and E10 for ethanol and B5 and B10 for biodiesel. The blend of

E5 is a 5 % ethanol (E100) blended with 95 % gasoline in volume; and B5 is a 5 %

biodiesel (B100) blended with 95 % diesel. E10 and B10 are 10 % biofuels blended

with 90 % fossil fuels in volume.
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Biofuel Systems

Properties of Biofuel Systems

Figure 4.1 shows the life-cycle systems of production and utilisation of biofuels. A

life-cycle assessment was used in this study to estimate the GHG and non-GHG

emissions from the production and utilisation of biofuels, which are then expressed

in monetary term as an external cost.

a The land use change effect could cause an increase in emissions or an emission saving depending on the change in C stock
before and after feedstock plantation.
b This is a GH Gemission saving.

Biofuel production

Biodiesel processing

Or ethanol conversion

Fuel combustion

Distribution and blending

Feedstock production in the fields

Use of fertilizer and pesticide
Urea application

Diesel for operating tractors and
transportation

Burning of jatropha residue
Managed soils (Nitrogen use, crop

residue)

C stock change caused by land-use
change

Emission inputs

Diesel

Diesel

Diesel

Fertilizers (N,

P2O5, K2O)

Pesticides

Diesel

Changes in land

use and soil

management

Chemicals

Electricity from

the grids

Coal (for ethanol
production)

Electricity from

the grids

Transportation of feedstock

Transportation of biofuels

Transportation of biofuels

B

O

Dis

GHG and non-GHG emissions

CO2 emissions from use of fertilizer and
pesticide

CO2 emissions from urea application
CO2 emissions from diesel combustion
CH4, N2O emissions from residue burning

N2O emissions from managed soils
CO2 emissions (or emission saving) from C

stock changea

Non-GHG emissions from production and
distribution of fertilisers, pesticides, and
diesel

CO2 emissions from chemical use

CO2 emissions from electricity consumption

CO2 emissions from digester, coal combustion

(for ethanol production)

CO2 collected
b
(for ethanol production)

Non-GHG emissions from production and
distribution of coal and electricity

CO2 emission from electricity consumption

Non-GHG emissions from production and
distribution of electricity

Zero GHG emissions from biofuel combustion
Non-GHG emissions from biofuel combustion

CO2 emissions from diesel combustion

Non-GHG emissions from production and
distribution of diesel

CO2 emission from diesel combustion
Non-GHG emissions from production and
distribution of diesel

CO2 emissions from diesel combustion

Non-GHG emissions from production and
distribution of diesel

Fig. 4.1 Life-cycle system of biofuel production and utilisation
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Table 4.1 shows the properties of fuels, to convert from fuel consumption

(L km�1) to fuel efficiency (MJ km�1). Table 4.2 presents the fuel consumption

of blends with respect to gasoline and diesel. It is argued that the lower heating

values (LHVs) of ethanol blends cause higher fuel consumption, while their higher

octane values and compression ratios improve the thermodynamic properties and

may reduce fuel consumption (Gnansounou et al. 2009; Nguyen et al. 2007; Le

et al. 2009; Ozsezen and Canakci 2011; Eyidogan et al. 2010; Delgado 2003;

Reading et al. 2002; Roayaei and Taheri 2009). The higher fuel consumption of

biodiesel blends is explained by their lower LHVs and higher viscosity causing

lower atomisation and combustion properties (Jindal et al. 2010; Agarwal and

Agarwal 2007; Buyukkaya 2010; Lin et al. 2008; Aliyu et al. 2011). In reality,

the fuel efficiency is affected not only by fuel properties but also by other factors

such as vehicle speed and gear, vehicle models, and road conditions.

Table 4.2 Percentage changes in fuel consumption of ethanol blends (E5 and E10) w.r.t. gasoline

and of biodiesel blends (B5 and B10) w.r.t. diesel

Blends E5 E10

Fuel consumption indicators L km�1 g kW h�1 L km�1 g kW h�1

Vehicle

Ford Laser Ghia 1.8 �5.2a �4.2

Honda Super Dream 100 cc �6.4 �5.4

1.4i SI engine 5.2b 2.8–0.2c 5.5b 3.6–1.5c

Ford Focus �1.2d

Renault Megane �0.6

Various car models �5.6d

Toyota 1.6 L/2000 1.1

XU7JP/L3 engine 5.1

Vehicle B5 B10

6-cylinder MAN diesel engine 2.5

Mitsubishi-6D14 0.4

Perkins D3.152 2.7

Various trucks 0

Ford Focus 1.8 Tddi 90 VC 0.3 0.6

Renault Laguna 1.9 dCi passenger car 1.0

Mitsubishi-6D14 0.7

Sources available from author
aA minus sign means the lower fuel consumption of ethanol blends w.r.t. gasoline
bRef. Ozsezen and Canakci (2011)
cRef. Eyidogan et al. (2010). These two values are measured at the vehicle speeds of 80 km h�1

and 100 km h�1, respectively
dThese are averaged from the figures in Ref. Gnansounou et al. (2009)
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Functional Unit

Following the suggestion by Gnansounou et al. (2009), the study applied the FU of

travelling 1 km using biofuels or fossil fuels as energy for road vehicles. The

efficiencies in terms of MJ/km of biofuel components in blends are distinguished

from the efficiencies of the fossil fuel components and those of the blends. It was

assumed that the efficiencies of gasoline and diesel components in the blends are

the same as their own standard efficiencies and that the efficiencies of ethanol and

biodiesel are explained by their contributions to the blends after deducting those of

the gasoline and diesel components, respectively (Gnansounou et al. 2009).

Sensitivity Analysis

A sensitivity analysis was conducted to evaluate the effects of different blends of

biofuels and their fuel consumption. On the basis of the testing results, the percent-

age change in fuel consumption of ethanol blends with respect to gasoline was

considered at three levels, formulating six scenarios: S1, S2, and S3 are the cases of

E5 with 5 % higher, the same, and 5 % lower levels of fuel consumption per

kilometre, respectively; S4, S5, and S6 are the cases of E10 with 5 % higher, the

same, and 5 % lower levels of fuel consumption per km, respectively.

The testing results show that the percentage changes in fuel consumption of the

blends of B5 and B10 with respect to diesel range between 0 and 5 %. Four

scenarios for biodiesel were formulated: S7 and S8 are the cases of B5 with the

same and 5 % higher levels of fuel consumption compared to diesel, respectively;

S9 and S10 are the cases of B10 with the same and 5 % higher levels of fuel

consumption, respectively. The efficiencies of biofuel components in blends are

distinguished in Table 4.3. The social costs of the fuels were accordingly compared

in terms of US dollars for a functional unit of 1 km ($ km�1).

Methodology

Cost-Effectiveness Analysis

Cost-effectiveness analysis was undertaken in the study to compare alternative

fuels (ethanol with gasoline and biodiesel with diesel) in terms of their social

costs of production and utilisation for an FU. To calculate the social cost for an

FU, the social cost of 1 GJ of fuel ($ GJ�1) was first calculated and then multiplied

by the amount of GJ needed for an FU (GJ km�1) for each scenario in Table 4.3.
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Break-Even Price Calculation

The social costs of fuels were calculated as the break-even price, identified by

setting the net present values of fuel projects equal to zero at a given discount rate.

These break-even prices comprise the average costs for every GJ of fuels produced

and utilised. The study follows Kovacevic and Wesseler (2010) by considering both

private and non-private costs and benefits in the social cost calculation. The net

present value (NPV) can be calculated as follows:

NPV ¼
XT

t¼0

pF tð Þ
qt

�
XT

t¼0

C tð Þ � B tð Þ
qt

 !
;

or, because p is constant:

NPV ¼ p
XT

t¼0

F tð Þ
qt

�
XT

t¼0

C tð Þ � B tð Þ
qt

 !

Setting NPV equal to zero yields the following:

p ¼
XT

t¼0

C tð Þ�B tð Þ
qt

� �

XT

t¼0

F tð Þ
qt

;

where p is the break-even price or the average cost for 1 GJ of fuels produced and

utilised; C(t) is the annual cost of biofuel production at year t; B(t) is the annual

benefit of by-products; F(t) is the annual fuel production in terms of GJ; q�t is the

discount factor with q¼ 1+ i, and i is the discount rate; and T is time frame of the

project.

Private Production Costs and Benefits of Fuels

The gas station prices in 2010 exclusive of tariffs, taxes, and fees represent the

private costs of gasoline and diesel. The private costs are calculated as the sum of

the import cost (including cost, insurance, and freight) and the transportation cost

from the dock-warehouse to gas stations using the average national transport

distance of 50 km. For biofuels, private production costs are incurred in the three

phases of feedstock production, biofuel processing, distribution, and blending

(Fig. 4.1).

The feedstock production phase incorporates the costs of land rental, seedlings,

fertilisers, pesticides, diesel for tractors and water pumping machine, maintenance,

labour, and seed transportation. The inputs in this phase were collected per hectare
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and then converted to inputs per GJ of biofuel output using the projected average

yields (t ha�1), the processing ratios (kg L�1), and LHVs of biofuels (GJ L�1).

For the biofuel processing phase, cost items include capital, electricity, coal,

labour, water, and chemicals. The revenues from glycerine and compost are con-

sidered as private benefits of biodiesel production. The private benefits of ethanol

production include the revenues of by-products of cassava stillage, CO2 from

fermentation sold for further utilisation and fixation as an alternative for long-

term storage of CO2, and the certified emission reductions (CERs) which the

ethanol plants have earned from the Clean Development Mechanism project. For

the processing, distribution, and blending phases, the inputs are calculated for 1 l on

the basis of the production capacity of 108 L year�1 and converted to inputs per GJ

of output using the LHVs of biofuels. For the distribution and blending phase, the

cost of electricity equals its average price in 2010 multiplied by the quantity on

the basis of the pumping capacity of 10,884 L kW h�1, collected from the survey

(see section on Data Collection for details of the survey).

The transportation costs are calculated from transportation distances, truck

capacity, and diesel consumption. The three stages of transportation include

transporting (1) feedstock to biofuel plants, (2) biofuels from processing plants to

blending stations, and (3) blends from blending stations to gas stations. To calculate

the diesel consumption for transportation, required information includes national

transportation distances for feedstock, biofuels, and blends, truck capacities, and

diesel consumption. Each national distance is the average of three regional dis-

tances with the weights of corresponding capacities.

External Costs and Benefits of Fuels

Three externalities are considered in the calculation of external costs and benefits:

(1) GHG emissions from fuel production, distribution, and combustion; (2) non-

GHG emissions from fuel production, distribution, and combustion; and (3) security

of supply of fossil fuels.

GHG Emissions

The GHGs consisting of carbon dioxide (CO2), methane (CH4), and nitrous oxide

(N2O) were aggregated into the CO2 equivalent (CO2e) using global warming

potential (GWP) factors of 1 for CO2, 25 for CH4, and 298 for N2O. The external

cost of GHG emissions is calculated by multiplying the CO2e emissions by the

global external cost of CO2e emissions of 33.2 $ t�1, which represents the avoid-

ance costs of climate change. It was estimated for the year 2010 on the basis of cost-

effectiveness analysis to determine the least-cost option to achieve the emission

reduction target set under the Kyoto protocol (Mailbach et al. 2008).
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For gasoline and diesel, the GHG emissions from the production and combustion

in terms of CO2e are 83.8 g MJ�1 [41, 44]. For biofuels, the GHG emission from

biofuel combustion is zero according to the Renewable Energy Directive (RED)

European Parliament (2009). The GHG emissions from biofuel production are

calculated using the guidelines from the IPCC, RED, and the Biograce project

(see Fig. 4.1) (Biograce 2011; IPCC 2006; Mailbach et al. 2008; European Parlia-

ment 2009; European Commission 2010). The GHG emissions from plant con-

struction, production of equipment, and vehicles for transportation are not taken

into account under the cut-off criteria suggested in the foregoing references.

Non-GHG Emissions

The four non-GHG emissions of HC, NOx, PM, and SO2 are considered in the

study. The external costs equal the amounts of non-GHG emissions from fuel

production, distribution, and combustion multiplied by the unit damage costs of

non-GHG emissions (Fig. 4.1).

Security of Supply

The security of supply of fossil fuels is a motivation for biofuel production in most

countries (IEA 2011a, b; Greene 2007; Rajagopal and Zilberman 2007; Mailbach

et al. 2008). It is defined as the supply reliability at affordable prices (Greene 2007).

The external costs of security of supply were formulated in various aspects and

estimated ranging from 0.03 to 0.19 $ L�1 at the 2010 price (Table 4.5).

Biofuels in Vietnam

Data Collection

The primary data for the case study were collected through two surveys in the

harvesting seasons of cassava and jatropha in Vietnam from January to June in

2011. For the ethanol survey, four of the top ten cassava-producing provinces were

selected: Binh Phuoc, Tay Ninh, Dong Nai, and Dak Nong featuring four of the total

eight ethanol plants. For the biodiesel survey, three jatropha-producing provinces

were selected: Binh Thuan, Ninh Thuan, and Dong Nai with two jatropha-based

biodiesel plants. Interviews were conducted with farmers, managers in biofuel

plants, stakeholders including agricultural input suppliers, labourers, transporters,

and key informants. Data were obtained relating to (1) farm inputs, (2) on-site

conversion ratios in processing, (3) biofuel processing inputs, (4) LUC estimation,

and other information.
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Biofuel Industry in Vietnam

Biofuel production has rapidly developed under government policies. Up to 2010,

eight ethanol plants had started operations with a total annual capacity of 680 mil-

lion litres. Seven of the eight plants are located in the Central Highlands, South

Central Coastal, and Southeast regions, which contributed 72 % of total cassava

output in the period from 2006 to 2010 General Statistics Office of Vietnam (2011).

Jatropha has been planted mostly in unused barren land in the North and Coastal

regions, in compliance with the direction of the Ministry of Agriculture and Rural

Development (MARD 2010, 2011).

Private Production Costs and External Costs for GHG
Emissions

The private production costs and the external costs were calculated in relation to the

production structure for ethanol and biodiesel production in Vietnam. A detailed

description of the calculations for energy and GHG emissions for ethanol is given in

Le et al. (2013).

External Costs of Non-GHG Emissions

Firstly, for the production and distribution phases of fossil fuels, the amounts of

non-GHG emissions per GJ were collected from the GREET database (Argonne

National Laboratory 2011). For the production and distribution phases of biofuels,

the amounts of non-GHG emissions were calculated by multiplying the emission

factors from GREET database and the amounts of production inputs including

fertilisers, pesticide, electricity, coal, and diesel. Chemical inputs were ignored

due to their expected insignificant amounts and the lack of data on their emission

factors. Secondly, for the fuel combustion phase, the amounts of non-GHG emis-

sions were derived from the official emission standards in Vietnam that are based

on European emission standards for vehicles (European Parliament 1996, 1998,

2003, 2007).

The external costs equal the non-GHG emissions from fuel combustion multi-

plied by the unit damage costs of non-GHG emissions. The non-GHG emissions

from fossil fuel combustion follow the “Euro 2 and Euro 3 standards” (European

Parliament 1996, 1998; Government of Vietnam 2011) for motorbikes for the

periods of 2010–2016 and 2017–2025, respectively, and the “Euro 2, Euro 4, and

Euro 5 standards” for cars for the periods from 2010 to 2016, from 2017 to 2021,

and from 2022 to 2025, respectively European Parliament 1996, 2003, 2007;
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Government of Vietnam 2011). While diesel is used by cars, gasoline is used by

both cars and motorbikes in Vietnam.

Therefore, the shares of gasoline consumption are estimated at 80 % and 20 %

for the period of 2017–2021 and at 65 % and 35 % for the period of 2022–2025, for

motorbikes and cars, respectively, using the numbers of motorbikes and cars, the

ratios of gasoline and diesel engines, and the ratios of diesel and gasoline con-

sumption for transportation (Davis et al. 2010; Schippers et al. 2008). The non-

GHG emissions from biofuel combustion are calculated using the non-GHG emis-

sions from fossil fuel combustion and the relative change of non-GHG emissions

from combustion of biofuels compared to fossil fuels (�15 % HC, �10 % NOx,

�20 % PM, �80 % SO2 for ethanol compared to gasoline and �67 % HC, +10 %

NOx, �47 % PM, �100 % SO2 for biodiesel compared to diesel (USEPA 2011,

2002)).

Due to the lack of data on the external damage costs of non-GHG emissions in

Vietnam, proxies were used for these costs. External damage costs for EU countries

reported by the European Commission were adjusted for Vietnam. The scaled unit

damage costs at the 2010 price are obtained for the year period 2010–2025 and

adjusted to reflect the differences between Vietnam and the EU countries

concerning the willingness-to-pay and the physical damage scale per ton of pollut-

ants (Leiby 2007). Assuming that the willingness-to-pay and the physical damage

scale per ton of pollutants are proportional to the gross domestic product (GDP) per

capita and the population density, respectively, these two adjusting factors were

measured by the ratios of GDPs (purchasing power parity) per capita and popula-

tion densities of the EU and Vietnam (Nguyen 2008) (Table 4.4).

External Costs of Security of Supply

Due to the lack of data on the external costs related to the security of supply of fossil

fuels for Vietnam, the study considered the external cost of security of supply from

the literature and applied the lowest estimation of 0.03 $ L�1 in the calculation

(Table 4.5).

It is worth noting that in the absence of data on the external costs of non-GHG

emissions and fossil fuel security of supply for Vietnam, the empirical analysis is

based on the adjustment results from estimation for EU countries for the former and

on the lowest estimation found in literature for the latter. The reader should be

aware of the uncertainty concerning these two estimates.
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Results and Discussion

Overview of Results

In this section results are presented for the cost-effectiveness of the biofuels in

comparison with the fossil fuels. The private, external, and social costs of produc-

tion and utilisation are first shown in terms of $ GJ�1, followed by the costs per

functional unit, i.e. the costs in US dollars per kilometre ($ km�1). Three discount

rates of 4 %, 8 %, and 10 % are used to investigate the effect of discount rates on the

results.

Cost-Effectiveness of Cassava-Based Ethanol and Gasoline

At a discount rate of 4 %, the private cost of ethanol is 18.6 $ GJ�1 (Table 4.6), of

which the cassava production cost amounts to 57.9 %, the conversion cost accounts

Table 4.4 Converting external damage costs of non-GHG emissions for the EU to scale external

damage costs for Vietnam (University of Stuttgart 2008; World Atlas 2011; Global Finance 2011)

Pollutants

Damage costs for

the EU (€ t�1) Adjusting factorsa

Damage costs

for Vietnam ($
t�1)b

2010 2025

GDP per capita

ratio

Population density

ratio 2010 2025

HC 1148 564 0.09 2.24 314 154

NOx 7793 7350 0.09 2.24 2,135 2,014

PM 29,006 23,454 0.09 2.24 7,948 6,427

SO2 7501 6718 0.09 2.24 2,055 1,841
aPopulation densities are 116.0 and 260.3 persons per square kilometre, and GDPs (PPP) per capita

are 33,729 $ and 3104 $, respectively, for the EU and Vietnam in 2010
bThe costs in Euro currency are multiplied by the average exchange rate in 2010 from the

European state bank (1.33 $ €�1)

Table 4.5 External costs of fossil fuel security of supply

External cost formulation

External costs in

2010 ($ L�1)

Incremental benefits of the import reduction to society 0.03

Costs of keeping stocks for a period needed to start up biofuel programme

without subsidy

0.16–0.19

Direct economic costs of the transfer of wealth from the USA to

oil-producing countries, GDP losses due to the oil price higher than its

competitive level, and macroeconomic adjustment

0.19

Sources available from author
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for 39.5 %, and the cost of distribution and blending contributes 2.6 %. The private

cost of ethanol is 17.7 % higher than that of gasoline, but its external cost is 60.3 %

lower than that of gasoline. The social cost of ethanol is 20.2 $GJ�1, which is 1.6 %

higher than that of gasoline at a discount rate of 4 %.

Table 4.6 shows that the social cost per GJ of ethanol is higher than that of

gasoline due to its higher private cost component. The higher external costs related

to emissions and the security of supply lead to the higher external cost for gasoline;

however, the social cost of ethanol is eventually higher than that of gasoline. These

findings hold for the three discount rates and the differences are even larger at the

higher discount rate. For instance, the social cost of ethanol is 13.9 % higher than

that of gasoline at a discount rate of 10 %.

Regarding the external costs of ethanol production, the non-GHG emissions are

mostly caused by the ethanol conversion, particularly coal combustion and elec-

tricity use Le et al. (2013). This finding encourages the ethanol plants to make the

best use of by-product biogas or use the environmentally friendly substitutes for

coal and electricity together with the agricultural practices suggested in Le

et al. (2013) so as to reduce the external cost. The contributions of the external

costs of non-GHG emissions to the social costs are less than 3.0 % for all fuels.

These small contributions result in a relatively insignificant effect on the overall

results.

If the fuel efficiency in transportation is taken into account, the costs can be

obtained per functional unit, i.e. in terms of $ km�1. The social costs in terms of $
GJ�1 are multiplied by the fuel efficiency (GJ km�1) to obtain the cost-effective-

ness ($ km�1). In terms of a functional unit, the ethanol substitution for gasoline is

cost-effective for scenarios S2, S3, S5, and S6, but not for scenarios S1 and S4

(Table 4.7). At a discount rate of 4 %, the ethanol substitution for gasoline in the

form of E5 would save 0.02 $ km�1 or 33.4 % of the social cost per functional unit

compared to gasoline (see columns 5 and 6 in Table 4.7) for scenario S2. The saving

performance also holds for scenarios S3, S5, and S6. For scenarios S1 and S4, the

Table 4.6 Costs of production and utilisation of ethanol and gasoline ($ GJ�1)

Cost items

Ethanol Gasoline

Discount rate Discount rate

4 % 8 % 10 % 4 % 8 % 10 %

Private cost 18.57 20.13 20.93 15.78 15.78 15.79

Cassava production 10.76 11.24 11.48

Ethanol conversion 7.33 8.37 8.91

Distribution and blending 0.48 0.52 0.53

External cost 1.63 1.70 1.74 4.11 4.12 4.13

GHG emissions 1.22 1.29 1.33 2.76 2.76 2.76

Non-GHG emissions 0.40 0.41 0.41 0.25 0.26 0.26

Security of supply NAa NAa NAa 1.10 1.10 1.10

Social cost 20.20 21.83 22.67 19.89 19.90 19.91
aNot applied
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Table 4.7 Cost-effectiveness of ethanol and gasoline

Scenarios

Social

cost

Fuel

efficiency Social cost ($ km�1) Cost difference

($
GJ�1) (GJ km�1) Ethanol Gasoline

($
km�1) (%)

(1) (2)a
(3)¼ (1)� (2)

for ethanol

(4)¼ (1)� (2)

for gasoline

(5)¼
(3)� (4)

(6)¼
(5)� 100:

(4)

At a discount rate of 4 %

Gasoline 19.89 0.0026 0.05

Ethanol

S1 (E5,

5 %)

20.20 0.0353 0.71 0.05 0.66 1298.53

S2 (E5,

0 %)

20.20 0.0017 0.03 0.05 �0.02b �33.40

S3 (E5,

�5 %)

20.20 0.0008 0.02 0.05 �0.03 �67.56

S4 (E10,

5 %)

20.20 0.0032 0.06 0.05 0.01 27.14

S5 (E10,

0 %)

20.20 0.0017 0.03 0.05 �0.02 �33.40

S6 (E10,

�5 %)

20.20 0.0011 0.02 0.05 �0.03 �56.37

At a discount rate of 8 %

Gasoline 19.90 0.0026 0.05

Ethanol

S1 (E5,

5 %)

21.83 0.0353 0.77 0.05 0.72 1410.55

S2 (E5,

0 %)

21.83 0.0017 0.04 0.05 �0.01 �28.07

S3 (E5,

�5 %)

21.83 0.0008 0.02 0.05 �0.03 �64.96

S4 (E10,

5 %)

21.83 0.0032 0.07 0.05 0.02 37.32

S5 (E10,

0 %)

21.83 0.0017 0.04 0.05 �0.01 �28.07

S6 (E10,

�5 %)

21.83 0.0011 0.02 0.05 �0.03 �52.87

At a discount rate of 10 %

Gasoline 19.91 0.0026 0.05

Ethanol

S1 (E5,

5 %)

22.67 0.0353 0.80 0.05 0.75 1468.30

S2 (E5,

0 %)

22.67 0.0017 0.04 0.05 �0.01 �25.32

S3 (E5,

�5 %)

22.67 0.0008 0.02 0.05 �0.03 �63.62

(continued)
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cost differences are positive, meaning that the ethanol substitution for gasoline is

not cost-effective. Seeking for break-even points, the zero cost difference is found

at 1.7 % and 3.5 % higher fuel consumption of E5 and E10 compared to gasoline,

respectively, at a discount rate of 4 %, provided that other factors are constant. This

means that the ethanol substitution for gasoline in the form of E5 or E10 would be

cost-effective if the fuel consumption of E5 and E10 in terms of L km�1 does not

exceed the consumption of gasoline by more than 1.7 % and 3.5 %, respectively,

compared to gasoline at a discount rate of 4 %.

Similar results are found at discount rates of 8 % and 10 %. The ethanol

substitution for gasoline is also cost-effective for scenarios S2, S3, S5, and S6,

but not for S1 and S4. In view of the break-even points, the higher discount rate

requires the lower fuel consumption of ethanol blends in terms of L km�1 to

achieve the cost-effectiveness of the ethanol substitution for gasoline. For instance,

the fuel consumption of E5 and E10 compared to gasoline is allowed to increase up

to 1.7 % and 3.5 %, respectively, at a discount rate of 4 %; these figures are,

respectively, 1.3 % and 2.6 % at a discount rate of 10 %.

Cost-Effectiveness of Jatropha-Based Biodiesel and Diesel

At a discount rate of 4 %, the private cost of biodiesel is 29.2 $ GJ�1 (Table 4.8), of

which the jatropha production cost amounts to 97.3 %, the processing cost accounts

for 1.7 %, and the cost of distribution and blending contributes to 1.0 %. The private

cost of biodiesel is 95.8 % higher than that of diesel. Biodiesel could produce an

external benefit of 2.19 $ GJ�1, while diesel incurs an external cost of 4.2 $ GJ�1.

The social cost of biodiesel is 27.0 $ GJ�1, which is 41.3 % higher than that of

diesel at a discount rate of 4 %.

Table 4.7 (continued)

Scenarios

Social

cost

Fuel

efficiency Social cost ($ km�1) Cost difference

($
GJ�1) (GJ km�1) Ethanol Gasoline

($
km�1) (%)

(1) (2)a
(3)¼ (1)� (2)

for ethanol

(4)¼ (1)� (2)

for gasoline

(5)¼
(3)� (4)

(6)¼
(5)� 100:

(4)

S4 (E10,

5 %)

22.67 0.0032 0.07 0.05 0.02 42.57

S5 (E10,

0 %)

22.67 0.0017 0.04 0.05 �0.01 �25.32

S6 (E10,

�5 %)

22.67 0.0011 0.02 0.05 �0.03 �51.07

aThese are the figures in column 8 in Table 4.3 divided by 1,000
bA minus sign means cost-effectiveness
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Table 4.8 shows that the social cost per GJ of biodiesel is much higher than that

of diesel due to its higher private cost component. The higher external costs related

to emissions and the security of supply lead to the higher external cost for diesel,

while the positive effect of land use change due to jatropha plantation achieves an

emission saving or an external benefit for biodiesel. Even with this external benefit,

the social cost of biodiesel is much higher than that of diesel. These findings hold

for the three discount rates, and the differences are larger at the higher discount

rates. For instance, the social cost of biodiesel per GJ is 52.0 % higher than that of

diesel at a discount rate of 10 %.

Regarding the external costs of biodiesel production, the non-GHG emissions

are mostly caused by the use of chemical fertilisers and diesel for seed transporta-

tion. For the external cost reduction, this finding encourages farmers to minimise

their use of chemical fertilisers and the biodiesel plants to better locate surrounding

the feedstock areas so as to shorten the transport distance and thus the amount of

diesel use for transporting dried seed.

In terms of a functional unit, the biodiesel substitution for diesel is not cost-

effective for all scenarios (Table 4.9). At a discount rate of 4 %, the biodiesel

substitution for diesel in the form of B5 would increase social cost of 0.01 $ km�1

or 28.6 % of the social cost per functional unit compared to diesel (see columns

5 and 6 in Table 4.9) for scenario S7. Searching for break-even points, the zero cost

difference is found at 1.4 % and 2.8 % lower fuel consumption of B5 and B10

compared to diesel, respectively, at a discount rate of 4 %, provided that other

factors are constant. This means that the biodiesel substitution for diesel in the form

of B5 or B10 would be cost-effective if the fuel consumption of B5 and B10, in

terms of L km�1 compared to diesel, would decrease by more than 1.4 % and 2.8 %

for B5 and B10, respectively, at a discount rate of 4 %.

Similar results are found at discount rates of 8 % and 10 %. The biodiesel

substitution for diesel is not cost-effective for all scenarios. In view of the break-

even points, the higher discount rate requires lower fuel consumption of biodiesel

Table 4.8 Costs of production and utilisation of biodiesel and diesel ($ GJ�1)

Cost items

Biodiesel Diesel

Discount rate Discount rate

4 % 8 % 10 % 4 % 8 % 10 %

Private cost 29.20 30.64 31.40 14.91 14.91 14.91

Jatropha production 28.41 28.86 29.11

Biodiesel processing 0.50 1.47 1.96

Distribution and blending 0.29 0.31 0.32

External cost �2.19 �2.24 �2.26 4.21 4.24 4.26

GHG emissions �2.58 �2.65 �2.69 2.76 2.76 2.76

Non-GHG emissions 0.40 0.42 0.43 0.46 0.49 0.50

Security of supply NAa NAa NAa 0.99 0.99 0.99

Social cost 27.02 28.41 29.14 19.12 19.15 19.17
aNot applied
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blends in terms of L km�1 to achieve the cost-effectiveness of the biodiesel

substitution for diesel. For instance, the fuel consumption of B5 and B10 compared

to diesel would decrease more than 1.4 % and 2.8 % compared to diesel, respec-

tively, at a discount rate of 4 %; these figures are, respectively, 1.9 % and 3.7 % at a

discount rate of 10 %. However, these fuel consumption levels of biodiesel blends

have not been achieved in reality.

Table 4.9 Cost-effectiveness of biodiesel and diesel

Scenarios

Social

cost

Fuel

efficiency Social cost ($ km�1) Cost difference

($
GJ�1) (GJ km�1) Biodiesel Diesel ($ km�1) (%)

(1) (2)a
(3)¼
(1)� (2)

(4)¼
(1)� (2)

(5)¼
(3)� (4)

(6)¼ (5)�
100:(4)

At a discount rate of 4 %

Diesel 19.12 0.0019 0.04

Biodiesel

S7 (B5, 0 %) 27.02 0.0018 0.05 0.04 0.01b 28.58

S8 (B5,

+5 %)

27.02 0.0370 1.00 0.04 0.96c 2600.22

S9 (B10,

0 %)

27.02 0.0018 0.05 0.04 0.01 28.58

S10 (B10,

+5 %)

27.02 0.0034 0.09 0.04 0.05 145.47

At a discount rate of 8 %

Diesel 19.15 0.0019 0.04

Biodiesel

S7 (B5, 0 %) 28.41 0.0018 0.05 0.04 0.01 34.98

S8 (B5,

+5 %)

28.41 0.0370 1.05 0.04 1.01 2734.64

S9 (B10,

0 %)

28.41 0.0018 0.05 0.04 0.01 34.98

S10 (B10,

+5 %)

28.41 0.0034 0.10 0.04 0.06 157.69

At a discount rate of 10 %

Diesel 19.17 0.0019 0.04

Biodiesel

S7 (B5, 0 %) 29.14 0.0018 0.05 0.04 0.01 38.31

S8 (B5,

+5 %)

29.14 0.0370 1.08 0.04 1.04 2804.43

S9 (B10,

0 %)

29.14 0.0018 0.05 0.04 0.01 38.31

S10 (B10,

+5 %)

29.14 0.0034 0.10 0.04 0.06 164.04

aThese are the figures in column 8 in Table 4.3 divided by 1,000
bA plus sign means cost-ineffectiveness
cThe high cost-ineffectiveness in S8 due to low contribution of biodiesel to the blend B5
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Conclusions

In this study, the social costs of biofuels and fossil fuels have been comprehensively

compared: ethanol and gasoline, and biodiesel and diesel for an FU of 1 km of

vehicle transportation with a focus on the blends of E5 and E10 for ethanol and B5

and B10 for biodiesel in Vietnam.

In terms of per MJ, the social costs of biofuels are higher than those of their

alternative fossil fuels due to higher private cost components. With the consider-

ation of fuel efficiency in transportation, different results are obtained. The ethanol

substitution for gasoline in the form of E5 and E10 saves 0.02 $ km�1 or 33.4 % of

social cost per km of vehicle transportation compared to gasoline if the fuel

consumption of E5 and E10 in terms of L km�1 is equal to the fuel consumption

of gasoline at a discount rate of 4 %. The lower the fuel consumption of E5 and E10

compared to gasoline, the higher the achievement of this saving. The biodiesel

substitution for diesel in the form of B5 or B10 remains not cost-effective if the fuel

consumption of B5 and B10 remains the same or 5 % higher compared to diesel.

Examining the cost-effectiveness of biofuels under efficiency levels of blends,

the fuel consumption of blends required to make biofuel cost-effective compared to

fossil fuels has been identified. For ethanol to be cost-effective, the fuel consump-

tion of E5 and E10 must not exceed, in terms of L km�1, by more than 1.7 % and

3.5 %, respectively, in comparison with gasoline, assuming a discount rate of 4 %.

For the cost-effectiveness of biodiesel, the fuel consumption of B5 and B10

compared to diesel would need to decrease by more than 1.4 % and 2.8 % for B5

and B10, respectively, at a discount rate of 4 %.

It can be concluded that the cost-effectiveness of using biofuel in comparison to

fossil fuel depends on the efficiency of biofuel production and blended fuel

combustion. To develop a sustainable biofuel market in Vietnam, further invest-

ments will be needed for improving the efficiency of biofuel production and

blended fuel combustion.
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Chapter 5

Economic Analysis of Rice Straw
Management Alternatives
and Understanding Farmers’ Choices

Cheryll C. Launio, Constancio A. Asis, Rowena G. Manalili,
and Evelyn F. Javier

Abstract The negative effects of open-field rice straw burning on the environment

and human health are well documented in local and international literature. This

research project assesses the environmental consequences of rice straw burning and

other straw management practices in terms of greenhouse gas (GHG) emissions,

particularly that of methane (CH4) and nitrous oxide (N20). It also evaluates the

cost-effectiveness of adopting selected rice straw management alternatives. On a

per hectare basis, considering a time horizon of 5 years with associated assumptions

on cost savings and secondary benefits, incorporating stubble more than 30 days

before crop establishment and incorporating composted rice straw in the field

yielded the lowest cumulative CH4 and N2O emissions. The study found that the

most cost-effective option for farmers is to incorporate stubble and straw in the soil

more than 30 days before crop establishment. This option is followed by rapid straw

composting and incorporation of rice straw into the field. The study recommends

looking for alternative uses of rice straw and finding ways to reduce the cost of

collection and transportation of rice straw, coupled by the strict enforcement of

laws banning rice straw burning.
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Introduction

Background

The practice of open-field burning of rice straw (including both ‘stubbles’ – the

lower part of the rice plant left in the field after harvesting – and ‘straw’, the loose
straw output after threshing) is a major source of air pollutants (Gupta et al. 2004;

Wassman and Dobbermann 2006; Tipayarom and Oanh 2007) including green-

house gases (GHG), particulate matter and other elements such as dioxins and

furans that impact human health (Torigoe et al. 2000; Gadde et al. 2009). The

Philippine Department of Science and Technology (DOST) study even reports that

burning of rice straw and other agricultural waste contributes more dioxins and

furans to air and land than vehicle emissions (DOST 2006). Other studies also show

that rice straw burning causes loss of major nutrients in the soil: almost complete

nitrogen (N) loss, phosphorous (P) losses of about 25 %, potassium (K) losses of

20 % and sulphur (S) losses of 5–60 % (Dobbermann and Fairhurst 2002).

Given these negative effects of open-field rice straw burning on the environment

and human health as documented in local and international literature, farmers have

been encouraged to refrain from burning rice straw and adopt more environment-

and human-friendly rice straw management practices. In fact, both the existing

solid waste management law in the Philippines (RA 9003) and the Philippine Clean

Air Act of 1999 prohibit in principle open-field burning which includes burning of

rice straw. Ordinances specifically against rice straw burning have also been passed

in some provinces and towns.

Scientists and researchers, on the other hand, have studied the potential impacts

of various rice straw management technologies as alternatives to rice straw open-

field burning. Crop residues properly returned to the soil can maintain or enhance

soil quality and productivity through favourable effects on soil properties and life-

support processes (Lal 1995). Continuous rice stubble and straw incorporation into

the soil returns most of the nutrients and helps to conserve soil nutrient reserves in

the long term (Dobbermann and Fairhurst 2002). Eagle et al. (2000) concluded that

the retention of straw in rice fields can result in increased soil N supply, suggesting

that nitrogen fertiliser application rates can be reduced. Javier (2009) also reported

that several studies have proven that continuous rice straw incorporation can build

up potassium reserves which are essential for plant vigour.

However, literature also recognises that the incorporation of straw and stubble

into wet soil (during ploughing) also results in temporary immobilisation of N and a

significant increase in methane (CH4) emission from rice paddies, a practice that

contributes again to GHG emissions (Dobbermann and Fairhurst 2002). The quan-

tity of methane emission varies widely depending on the rice straw-based nutrient

management practice used (Dobbermann and Fairhurst 2002; Wassman and Vlek

2004; Vibol and Towprayoon 2010). Hence, rice straw management can signifi-

cantly impact GHG emissions from rice fields but also can provide a mitigation

option. Using the proper rice straw-based nutrient management options may result

in soil rejuvenation and environmental conservation (Javier 2009).
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In practice, many farmers still burn their rice straw or, if not, incorporate it into

submerged soil during ploughing. Local governments are also unable to implement

the law especially with the large volume of rice straw produced each year in rice-

producing regions. Rice straw burning thus continues to contribute to air pollution,

compounding the already high methane emission levels inherent in irrigated rice-

based farming systems. This raises the question of why farmers choose to burn their

rice straw and which straw management alternatives are cost-effective to farmers

and to society as a whole.

Aims of the Study

The study aimed to assess the environmental consequences of rice straw burning

and evaluate the adoption and cost-effectiveness of selected rice straw management

alternatives. Specifically, it:

• Estimated potential environmental impacts in CO2-equivalent emissions of

existing and potential rice straw management alternatives to open-field burning

• Compared selected rice straw management alternatives to open-field burning

using cost-effectiveness analysis

• Determined factors and constraints driving adoption of rice straw management

practices

Methodology

Data and Information Sources

Both secondary information and primary data were used in the study. Five-year

(2006–2010) average data on area harvested, yield and production were obtained

from the Bureau of Agricultural Statistics. Other assumptions used in the estimation

were obtained from existing literature and previous studies in the Philippines and

from results of key informant surveys and technical expert consultations. House-

hold surveys were conducted in four major rice-producing provinces, namely:

(1) Nueva Ecija, top producer; (2) Leyte, to represent the Visayas and a province

with an existing provincial ordinance banning rice straw burning; (3) North

Cotabato, largest rice producer in Mindanao; and (4) Ilocos Norte, to represent a

province where there is an existing rice straw market. The questionnaire elicited

information on rice stubble and straw management practices, perceptions of rice-

based farming households on the environmental impacts of rice straw burning and

other rice straw management practices. Two focus group discussions (FGDs) were

also conducted in each of the four study provinces, covering farmers and farmer-

leaders in irrigated and rainfed rice ecosystems. The purpose was to have thorough
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discussions on the perceived environmental impacts of rice straw burning and the

existing and potential policy and institutional options to reduce the negative

impacts and promote the positive impacts.

A multistage stratified area probability sample design was used in the household

survey. The primary sampling unit (PSU) was the barangay (village) with the

ecosystem (irrigated/rainfed) as a stratification variable. Ten barangays were ran-

domly sampled from the entire population of rice-producing barangays in each

province. The number of irrigated and rainfed barangays was prorated depending

on secondary data of rice area harvested in the province. Ten farming households

were randomly sampled in each sample barangay for a total of 100 household

samples per province.

Data Analyses

GHG Emission Analysis

To estimate the GHG emissions from rice straw open burning and other straw

management practices, methodologies and guidelines set by the Intergovernmental

Panel on Climate Change (IPCC) Guidelines (2006) were used. Thus, while CO2

emission is affected by straw management practice, CO2 emissions from biomass

burning were not included since the carbon released during the combustion process

was assumed to be reabsorbed by the vegetation during the next growing season

(IPCC 2006).

The following equation was used to determine the annual quantity of rice straw

or rice stubble per hectare:

Q ¼
XX

PijSGRijj ð5:1Þ

where Q is the annual quantity of rice straw or rice stubble (tons/ha/year), Pij is the

rough rice production (tons/ha) in season i and rice ecosystem j and SGRij is the

straw to grain ratio or stubble to grain ratio in season i and rice ecosystem j.
Since in the Philippines the management of rice stubble usually differs from rice

straw, the straw-grain ratio was differentiated from the stubble-grain ratio. Based

on total biomass and grain yield data from an average of four WS and five DS

experimental data in the Philippines by Corton et al. (2000) and stubble to straw

ratio derived from special sampling at PhilRice by one of the co-authors, straw-

grain ratios of 0.74 and 0.36 were derived and used and stubble-grain ratios of 1.21

and 0.59 for WS and DS, respectively. Equation 5.2 below was then used to

calculate GHG emissions from rice straw burning:

Ea ¼ Qð Þ f Coð Þ EFað Þ ð5:2Þ

where a¼ type of GHG, Ea¼ emission of a in kg/ha/year, fCo¼ combustion factor

and EFa¼ emission factor of a in g/kg of dry straw.
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Table 5.1 GHG emission factors for different rice straw management practices

Rice straw/stubble

management practice Name of pollutant EF Unit Reference

Open burning CH4 1.2 g/kgdryfuel Based on EFs

compiled by

Gadde

et al. (2009)

N20 0.07 g/kgdryfuel

Combustion factor 0.8 IPCC Guidelines

(2006)

Scattering and

incorporation of rice

stubble and straw

in the soil (wet

condition)

CH4 (WS) 129.77 kg/ton

yield

Corton

et al. (2000)

(Incremental CH4

due to straw

incorporation)

CH4 (DS) 36.99 kg/ton

yield

Baseline EF for

continuously flooded

fields without organic

amendments

1.3 IPCC Guidelines

(2006)

Conversion factor for rice

straw amendment

1.0 for straw

incorporated

<30 days before

cultivation; 0.29 for

straw incorporated

>30 days before

cultivation

IPCC Guidelines

(2006)

Scaling factor to account

for differences in water

regime during cultivation

period

0.78 for irrigated IPCC Guidelines

(2006)0.27 for rainfed

Scaling factor to account

for differences in water

regime in the preseason

before cultivation period

1 for irrigated

(<180 days); 1.22

for rainfed

IPCC Guidelines

(2006)

Composting and

incorporation

CH4 (WS) 13.37 kg/ton

yield

Corton

et al. (2000)

(Incremental CH4

due to

incorporated

compost)

CH4 (DS) 2.1 kg/ton

yield

Conversion factor for rice

straw compost

amendment

0.05 IPCC Guidelines

(2006)

Rice straw used as

animal feed

CH4 10,000–20,000

gCH4/ton dw

Singhal

et al. (2005) as

cited by Truc

(2011)
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For incorporation in the soil of rice straw and rice straw compost, the IPCC

Guidelines were used for rice cultivation and emission from managed agricultural

soils, adjusting the conversion factors for organic amendments. The estimates were

compared with results using GHG emission changes from experiments conducted in

the Philippines by Corton et al (2000) and considered the more conservative

estimate. Table 5.1 shows the summary of emission factors and other parameters

used and corresponding references.

In the analysis of GHG emissions, the study focused on estimating the incre-

mental change in the GHG emissions from paddy areas as a result of rice straw

management alternatives, not the GHG emissions from paddy rice systems per se.

Rice Management Options

Rice straw management options available to households engaged in rice production

are shown in Table 5.2. The various alternatives were analysed on a per hectare

basis considering the potential effects on GHG emission over a 5-year period. The

base case scenario is the current major practice where rice stubble is incorporated

into the soil during the first land preparation activity in a flooded condition, and rice

straw is burned at the threshing site. Based on the household survey, the average

duration from the start of land preparation to crop establishment is 21 days. The

baseline case accordingly assumes that stubble is incorporated less than 30 days

before cultivation.

While power generation and biofuel production are potential uses of rice straw

removed from the field, a full-scale analysis was beyond the scope of the study. The

analysis focuses only on the potential impact on GHG emissions in the paddy sector

if stubble and straw are removed from the field.

Cost-Effectiveness Analysis (CEA)

CEA was employed to compare the selected rice straw management alternatives

shown in Table 5.2. The analysis entailed the following steps:

1. Based on incremental GHG emission analysis, the net reduction in total CO2-

equivalent (CO2-eq.) emission was determined if farmers switch from the

baseline scenario to each management option, fulfilling the CO2-eq. abatement

capacity for each alternative. The total global warming potential (GWP) was

estimated by multiplying the estimated emissions of each kind of GHG (i) from
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paddy rice systems under each rice straw management practice ( j) by its

corresponding GWP, as in Equation (5.3) below:

Total GWPj ¼
X

GHGij � GWPij
� � ð5:3Þ

where i is the type of GHG such as CH4 or N20 and GWP is an internationally

accepted scale of equivalence for other GHGs in units of tons of CO2-eq.

(Lv et al. 2010). The GWP values used were CO2¼ 1, CH4¼ 23 and

N20¼ 296 (IPCC 2006) measured in metric ton CO2-eq. per year per hectare.

2. The cost of each rice straw management option expected to result in changes in

GHG emission was estimated. It included the incremental operating and main-

tenance cost for the farmer implementing the management option as well as the

secondary benefits due to changes in straw management practice. A 5-year

period was considered in the cost analysis of the options. The shadow wage

rate used was 60 % of the market wage rate as suggested by the Philippine

NEDA (2004).

3. The cost-effectiveness or abatement cost per ton of CO2-eq. was calculated and

compared for each rice straw management alternative. The following generic

Table 5.2 Rice straw management options evaluated for emission and economic analysis

Rice straw management

options Stubble Straw

Timing of

incorporation

M1 Late stubble incorpora-

tion and straw burning

(baseline)

Incorporated Burned <30 days

before

cultivation

M2 Late stubble and straw

incorporation

Incorporated Scattered and

incorporated

<30 days

before

cultivation

M3 Late stubble incorpora-

tion and straw removal

for animal feed

Incorporated Removed from

field for animal

feed

<30 days

before

cultivation

M4 Early stubble and straw

incorporation

Incorporated Scattered and

incorporated

>30 days

before

cultivation

M5 Late stubble incorpora-

tion and straw compost

incorporation

Incorporated Rapidly

composted and

incorporated as

compost

<30 days

before

cultivation

M6 Early stubble incorpora-

tion and straw compost

incorporation

Incorporated Rapidly

composted and

incorporated as

compost

>30 days

before

cultivation

M7 Stubble and straw

composting and straw

compost incorporation

Removed from field,

composted with the

straw and incorporated

Rapidly

composted and

incorporated as

compost

>30 days

before

cultivation
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formula for abatement cost calculation similar to that cited in Davidson and van

Essen (2009) was used:

Cost-effectiveness ¼ Ian þ ΔO&M � secondary benefits

Annual reduction in CO2-eq emissions
ð5:4Þ

where Ian is the annuity of the investment cost (if applicable) and ΔO&M is the

additional annual operating and maintenance cost. The formula also includes

monetised secondary benefits (e.g. value of the composted rice straw) to be

subtracted from the costs. The most cost-effective option is that with the lowest

cost per reduction in tons CO2-eq. (Php/ton CO2-eq.). Costs in the study were

calculated for a 5-year scenario to account for effects expected at around

5 years. A 7.5 % real discount rate was used, based on the discount rate

suggested by the Philippine National Economic Development Authority

(NEDA 2004) adjusted for inflation using the average from 2000 to 2010.

The CEA was conducted from the farmers’ perspective, without any assumed

external social costs or benefits.

Results

GHG Emission Abatement Capacity of Options

Table 5.3 shows the estimated potential GHG emissions and global warming

potential (tons CO2-eq.) by rice straw management option for farmers, calculated

per hectare for a 5-year period based on IPCC 2006 Guidelines, compiled factors

from literature and various assumptions. For the baseline scenario, the total esti-

mated emissions considering only CH4 and N2O emissions totalled around 51 tons

CO2-eq. per hectare over a 5-year period.

Results indicate that shifting from rice straw burning to rice straw incorporation

will not necessarily reduce global warming potential if straw is incorporated less

than 30 days before cultivation especially in a flooded condition after incorporation

(M1 to M2). This is due to the higher CH4 emission calculated. In the longer term,

however, the increase in CH4 emission due to straw incorporation can also be offset

by the reduction in N2O emission from potential reduction in the use of chemical

fertilisers (Bird et al. 2002). At the same time, while there is less CH4 emission in

straw burning, the loss of nutrients from the straw might eventually lead to

increased use of chemical fertilisers that can significantly increase N2O emission.

Although not considered in the GHG accounting here, Wang et al. (2011) also

reported significant interactive effects of straw with nitrogen on N2O emissions,

i.e. straw amendment significantly reduced, on average, N2O emissions from rice

fields when they received nitrogen fertiliser.
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Merely shifting from burning rice straw (M1) or changing the timing of the

stubble and straw incorporation from less to more than 30 days before cultivation

(M2 to M4) can reduce the incremental GHG emissions due to straw management

by around 80 % largely because of its effect on CH4 emission, assuming other

factors are constant. A significant reduction of more than 90 % in total incremen-

tal GHG emissions is also expected if the rice stubble is incorporated more than

30 days after cultivation and the rice straw is removed from the soil and returned

as rice straw compost. This is even more significant when the rice stubble is

completely removed and returned as rice straw compost. Corton et al. (2000)

reported from their experiments in the Philippines that addition of rice straw

compost increased CH4 by only 23–30 % as compared with the 162–250 %

increase in emissions with the use of fresh rice straw.

When both stubble and straw are completely removed from the field and used for

nonfarm uses such as power generation or bioethanol production, GHG emissions

from paddy rice systems can also be potentially reduced. While the study could not

afford to conduct a life cycle assessment of GHG emissions from using rice straw

for power generation and bioethanol production, literature is available on this issue.

Delivand et al. (2011) in the case of Thailand indicate that the life cycle GHG

emission of the straw combustion process chain is 30 kg CO2-eq. per ton of dry

straw or 0.043 kg CO2-eq./kWh, i.e. 0.613 kWh net electricity per kg straw. This

considers both the logistics and grate boiler combustion. Using this as a factor and

considering a scenario where the stubble is incorporated into the soil more than

30 days before cultivation, the approximate net GHG emission was estimated at

1,263 tons per year per hectare.

They also found that substituting the natural gas or coal fuels with rice straw

fuels for power generation would result in a considerable fossil fuel savings and a

lower GHG emission. For example, for the case of substituting natural gas with rice

straw fuel, it is estimated that 0.368 ton CO2-eq. will be avoided, while for imported

coal, 0.683 ton CO2-eq. can be avoided (Delivand et al. 2011). Using rice straw as

raw material for power generation will thus avoid emissions of GHG and other air

pollutant particulates when compared with open straw burning and methane emis-

sions when compared with incorporation.

Regarding the use of rice straw for bioethanol production, a review by Cheng

and Timilsina (2011) reported that all advanced biofuel technologies have the

advantage of producing fuels with almost zero or very little net carbon dioxide

emissions to the atmosphere. The same authors stated that the advantage of ligno-

cellulosic materials such as agricultural residues is that these are abundant in most

land areas and their generation does not have to compete for arable land against

food and feed production. Using 0.28 L kg�1 as ethanol yield (Kim and Dale 2004),

the approximate ethanol production per hectare is calculated at around 1,250 l per

season. Assuming a 0.5 kg CO2-eq. reduction per litre ethanol, the estimated net

emission reduction is 625 kg per hectare.
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Cost Estimates for Rice Stubble and Straw Management
Options

Cost estimates were based on the incremental differences between the baseline

practice of incorporating stubble during land preparation and burning straw and

other stubble-straw management options. Some of the relevant cost savings and

secondary benefits were expected to be incurred or realised after around 5 years of

continuous practice. Based on existing literature, the total cost per hectare was

calculated for a 5-year period as shown in Table 5.4. For most of the options, the

rice stubble and straw will be incorporated into the soil but will vary in form and

timing; the cost analysis largely revolves around changes in labour costs and some

material costs in the case of composting. The expected changes in labour use

associated with the management option and prevailing wage rate at Php200 per

man-day were based on results of the FGDs and household survey conducted for the

study. In the economic analysis, 60 % of the market wage rate was used as the

shadow wage rate.

Removal of stubble and straw from the field requires significant labour cost so

that at current prices and based on existing practices, composting of both the straw

and stubble entails the highest cost followed by the options where the straw will be

composted and incorporated into the soil as compost (see Table 5.4). Based on the

household survey, manual cutting of rice stubble takes 20–21 man-days per hectare

depending on the season. Collecting and gathering of the cut rice stubble was

estimated to take another 7–10 man-days. For collecting and gathering piled rice

Table 5.4 Estimated costs for each rice straw management option (Php ha�1 year�1)

Rice straw management

option

Years 1–4 Year 5

WS DS Total WS DS Total

M1 Late stubble incorporation and

straw burning (baseline)

156 156 312 1,615 1,615 3,230

M2 Late stubble and straw

incorporation

552 552 1,104 552 552 1,104

M3 Late stubble incorporation and

straw removal for use as ani-

mal feed

876 756 1,632 2,335 2,215 4,550

M4 Early stubble and straw

incorporation

552 552 1,104 552 552 1,104

M5 Late stubble incorporation and

straw compost incorporation

3,134 1,729 4,863 3,134 1,729 4,863

M6 Early stubble incorporation

and straw compost

incorporation

3,134 1,729 4,863 3,134 1,729 4,863

M7 Stubble and straw composting

and straw compost

incorporation

10,654 7,188 17,842 10,654 7,188 17,842

Note: Details of calculation can be obtained from the authors
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straw and hauling it onto the roadside (‘roadsiding’), farmers estimated this to take

about 12 man-days per hectare during DS and 14 man-days during WS. Rapid

composting was considered, where rice straw is composted in a designated area on

farmers’ fields using inoculants such as manure, effective organism activated

solution (EMAS) or Trichoderma spp. An alternative, common to developed

countries and some Southeast Asian countries, is the use of combine harvester

and baling machines, but these are capital intensive and their use is still relatively

unpopular.

Cost-Effectiveness Analysis of Rice Straw Management
Options

Based on the estimates of GHG emission and potential abatement of GHG emission

on farmers’ fields from Table 5.3 and the estimated cost for each management

option in Table 5.4, Table 5.5 presents abatement costs per ton CO2-eq. From

among the options that result in net reduction in incremental CO2-eq., shifting from

the current farmers’ practice of late stubble incorporation or incorporating less than
30 days before cultivation and straw burning (M1) to early incorporation of both

stubble and straw incorporation in soil more than 30 days before cultivation

(M4) appears to be the most cost-effective with a negative abatement cost (net

benefit) at Php21 or around US$0.50 per ton of CO2-eq. reduction. Results also

suggest that incorporating the stubble more than 1 month before cultivation and

rapidly composting the straw and applying it back to the field (M6) is also a cost-

effective option for farmers at around Php300/ton CO2-eq. It significantly mitigates

GHG emissions while improving the soil condition; thus, even with the additional

labour cost of piling and composting, it is the next most cost-effective abatement

option.

Incorporating both the stubble and straw less than 30 days before cultivation

(M2), on the other hand, results in a slight net increase in emission. The increase in

cost for the option is lower than the secondary benefit of savings from fertiliser

given the time horizon. The amount of potential savings if a ton of CO2-eq. is not

emitted is very significant. Incorporating stubble and removing straw for use as

animal feed (M3) will also result in a net increase in emissions, but the straw value

as animal feed is very significant assuming rice straw can be sold at Php5/bundle of

5 kg. Stubble and straw removal and application as compost significantly reduce

emissions, but the abatement cost is more than Php1000 per ton of CO2-eq. which

may not be affordable to farmers.

It was beyond the scope of the study to conduct a full-scale economic feasibility

analysis of using rice straw for power generation and biofuel production which are

potential uses of rice straw. However, based on reviewed literature, second-

generation lignocellulosic technologies have considerably more potential for

avoiding many of the GHG emission and other environmental shortfalls and
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perform better in terms of energy efficiency (CGIAR Science Council 2008). The

same report, however, stated that cost-effective second-generation biofuels are at

least 10 years down the road and bio-refineries and bio-based economies are even

further afield. Gadde et al. (2009) studied the overall potential and limitations of

energy contribution and greenhouse gas mitigation for rice straw as a renewable

energy source in India, Thailand and the Philippines. They found that the energy

potential from rice straw in theory was different from the realisable energy due to

the fact that residue collection efficiency or capacity and its transportation were

challenging. Delivand et al.’s (2011) study on the feasibility of using rice straw

residues for power generation in Thailand concluded that straw-based combustion

facilities are financially feasible and profitable if the capacity of the power plant is

8 MWe or greater. In order to ensure secure fuel supply, they report that smaller-

scale power plants, i.e. 8 and 10 MWe, are more practicable.

On the part of Filipino rice farmers, if the demand for rice straw is created

through its use as raw material for power or bioethanol production plants, they may

be able to supply the straw with a direct cost of around Php 5,200/ha for two seasons

or Php 1.20/kg of straw considering the labour cost of gathering and moving to a

storage area. Removing even the stubble, on the other hand, will cost an additional

Php 8,000/ha so that the rice straw cost will more than double at approximately Php

3/kg loose straw.

Factors Explaining Farmers’ Choices of Rice Straw
Management Options

The previous analysis attempted to explore the potential of selected rice stubble and

straw management practices that can be implemented by rice farmers in order to

reduce the incremental non-CO2 GHG emissions and estimated the costs associated

with them. This section uses farm survey data in four major rice-producing prov-

inces to ascertain factors explaining actual farmers’ choices of straw management

options. Since there are some options with no adopters, the choices are generalised

to straw burning, incorporation and removal options.

Table 5.6 shows the results obtained from the estimated multinomial logit

model, reported as relative risk ratios. The model is statistically significant based

on the likelihood ratio chi-square criteria and overall correctly predicts 76 % of

respondents in terms of their choice of rice straw management practice.

While season did not appear to be a significant factor affecting choice of straw

management in the surveyed provinces, farm type was a significant factor with a

0.51 relative risk ratio. This means that if a rainfed farmer becomes an irrigated

farmer, the ratio of the probability for him to choose to incorporate straw in soil

relative to the probability to practise burning is expected to decrease by a factor of

0.51 given that the variables in the model are held constant. Irrigated farmers are

also less likely to remove rice straw from the field as shown by the highly
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significant negative coefficient. A possible explanation is that intensive rice-rice

cropping is largely practised in irrigated farms in the country so that the turnaround

or interval period between rice crops is shorter and farmers have to dispose rice

straw and stubbles more quickly. Flinn and Mariano (1984) in studying straw

management practices in irrigated and rainfed environments concluded that

stacking of rice straw for livestock consumption is higher in rainfed compared

with irrigated areas. In relation to this, the model also shows that cow ownership is a

significant variable related to choosing straw incorporation and straw removal over

burning.

Table 5.6 Results of multinomial logit model (baseline category: straw burning)

Variable

Straw incorporation Straw removal

RRR

SE

(RRR) RRR

SE

(RRR)

Season dummy (1 – dry season) 1.35 0.33 1.02 0.32

Farm type dummy (1– irrigated) 0.51 0.18 * 0.23 0.10 ***

North Cotabato dummy 2.20 0.94 * 0.03 0.02 ***

Leyte dummy 16.51 7.50 *** 0.46 0.33

Ilocos Norte dummy 5.11 2.29 *** 5.44 2.84 ***

Attendance in training (1 – attended

training)

1.60 0.42 * 0.90 0.32

Age 1.01 0.01 1.00 0.01

Educational attainment 0.95 0.04 1.04 0.06

No. of household members with age >13 1.25 0.10 *** 1.38 0.14 ***

Income in non-rice farming 1.00 0.00 1.00 0.00 ***

Total area cultivated 0.97 0.07 0.67 0.10 ***

Cow ownership (1 – owner) 2.50 0.91 *** 4.41 1.78 ***

Tenure status (1 – owner) 1.51 0.40 1.77 0.61 *

Distance from farm to house 0.87 0.07 * 0.79 0.11 *

Yield 1.00 0.07 1.07 0.09

Perceptions

Negative impacts of open-field burning 1.48 0.24 ** 0.70 0.13 **

Positive effects of rice straw

incorporation

1.78 0.41 *** 1.08 0.31

Negative effects of rice straw

incorporation

0.72 0.11 ** 0.86 0.17

Awareness of environmental regulations 2.23 0.51 *** 2.33 0.64 ***

Attitudes towards incentives/market 0.36 0.05 *** 0.37 0.07 ***

Burning ordinance in province 1.17 0.32 0.47 0.18 **

Solid waste management programme in

province

1.23 0.34 3.23 1.58 **

No. of observations¼ 687; *** p< 0.01; **p< 0.05; *p< 0.10

Log-likelihood: �390.81

Pseudo-R2: 0.41
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Relative to the largest rice-producing province of Nueva Ecija, farmers in North

Cotabato, Leyte and Ilocos Norte are more likely to incorporate straw than burn

when all other factors are held constant. For Leyte, for example, the risk for farmers

incorporating relative to burning is higher by a factor of 17 given that other factors

in the model are constant. For Ilocos Norte, the relative risk of farmers removing

straw from the field relative to burning is higher by a factor of 5.

Considering economic factors, an increase in the number of adult household

members who can be proxy for available family labour is positively related to

choice of straw incorporation or straw removal relative to straw burning. This is

consistent with the descriptive results that straw incorporation and removal are

much more labour intensive than straw burning. Related to this, the total area

cultivated is also significantly related with the choice of straw removal over straw

burning possibly because the larger the total area cultivated, the more labour

required in removing straw from the field. This result is consistent with the result

of a binary analysis conducted using data from a separate national survey. Income

from non-rice farming which can also be a proxy for household engagement in

vegetable or other crop farming is a highly significant variable related to rice straw

removal relative to burning. Rice straw has value as mulch to households engaged

in non-rice farming especially onion and garlic production.

The increased distance from house to farm was found to be negatively related

with the log odds of choosing straw incorporation and straw removal relative to

burning. A possible explanation is the higher cost of collection and transportation

when the farm is located farther from the house where they usually stack the rice

straw for livestock feed or other purposes.

In terms of perception-related variables, the more farmers agreed with the

statements on the negative effects of open-field burning on global warming and

air pollution, the higher the relative risk ratio of choosing to incorporate straw

relative to burning straw. An inconsistent result is that agreement with the state-

ments on the adverse effects of open-field burning is negatively related to the choice

of straw removal over burning. A possible explanation is that even while they agree

with the negative impacts on air quality and climate, the additional cost of straw

removal is much higher than their willingness to mitigate these perceived negative

impacts. Also, a higher awareness of environmental regulations and policies is

significantly and positively related to the choice of straw incorporation or straw

removal relative to burning.

On the other hand, for the attitudinal statements on possible behaviour given

incentives or increased demand of rice straw, farmers who require incentives are

less inclined to practise straw incorporation or straw removal relative to burning

unless such incentives are given. Finally, the presence or absence of a provincial

ordinance against rice straw burning appears to be insignificantly related to the

choice of farmers to practise straw incorporation; respondents in provinces with an

ordinance banning rice straw burning are less likely to remove their rice straw. This

result is probably because in Leyte province where there is a specific ordinance

against rice straw burning, the more common practice is straw incorporation. The

implementation of a provincial solid waste management programme is significantly

and positively related to the practice of straw removal relative to straw burning.
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Conclusions and Recommendations

This research project was generally aimed at assessing the environmental conse-

quences of rice straw burning and other straw management practices and evaluating

the cost-effectiveness and adoption of selected rice straw management alternatives.

Based on the emission inventory considering the incremental GHG emissions from

rice straw management practices, the estimated contribution of rice residues is

around 16 M tons of CO2-eq. considering only CH4 and N2O emissions. This is

approximately 8 % of the total projected CO2-eq. emissions for 2008 based on the

Philippines’ first initial national communication on climate change. The current

practice of incorporating rice straw/stubble into soil during land preparation in wet

or flooded conditions less than a month before transplanting is the largest contrib-

utory rice residue management practice on a per year basis not considering potential

long-term impacts.

On a per hectare basis calculated for a 5-year period based on IPCC 2006

Guidelines, compiled factors from literature and various assumptions, the total

estimated emission level, considering only CH4 and N2O gases, is around 51 tons

CO2-eq. for the baseline scenario. This is not very different if the practice changes

from straw burning to straw incorporation less than 30 days before crop establish-

ment. Aside from GHG, rice straw burning, however, emits particulates that are

known to be harmful to human health. Changing the timing of straw incorporation

from less than 30 days to more than 30 days before crop establishment will

significantly reduce the incremental GHG emissions in paddy fields due to straw

management by around 80 %.

Economic analysis from the point of view of rice farmers indicated that merely

shifting from incorporating stubble before transplanting and straw burning to

incorporating both stubble and straw in the soil over 30 days before crop establish-

ment appears to be the most cost-effective option with a negative abatement cost

(i.e. benefit) of Php 21 (US$ 0.50) per ton CO2-eq. reduction. Incorporating both

rice stubble and straw less than a month before cultivation, on the other hand,

appears to result in a slight net increase in emissions. Rapid composting and

incorporating the rice straw compost in the field entail significantly higher addi-

tional costs, but significantly mitigate GHG emissions; hence, it is the next most

cost-effective option. While a full-scale cost-effectiveness analysis of using rice

straw for power generation and bioethanol production was not included in this study

due to data limitations, creating higher rice straw demand given the same supply

will result in higher economic value for rice straw which is favourable for rice-

based farmers. Further study on the technical and economic feasibility of using rice

straw for power generation and bioethanol production and the consequent GHG

emissions from these options in the case of the Philippines is recommended.

Also, there is evident uncertainty about the rate of growth of emissions, their

general effects and their local effects (GEF 1992). The results of this study,

particularly on GHG emissions, are only indicative, and the cost-effectiveness

analysis must be interpreted in relative terms. For rice-based farmers, there are
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other mitigation options such as water management and tillage options. Since

affordability of technologies is a prime issue in the mitigation of GHG emissions,

further study of the economics of these other mitigation options relative and

complementary to rice straw management practices would provide broader infor-

mation useful for farmers, policymakers and other rice stakeholders.

On the determinants of rice straw management practice or why farmers choose to

burn, incorporate or remove rice straw, a mix of socio-economic, farm and aware-

ness and attitude variables are prominent. Continually providing training on rice

production to farmers is a particular policy direction that significantly relates to

choice of straw incorporation over straw burning, as shown by the significantly

positive coefficient of the training variable and perceptions of the benefits of straw

incorporation. Increasing the demand for rice straw for other uses such as mulch is

also another significant factor, as shown by the significance of non-rice farm income

used as proxy for households engaged in vegetable and other non-rice farming.

While awareness of the environmental impacts of rice straw burning appears to

be a significant positive factor for choosing straw incorporation over straw burning,

farmers’ choice of straw removal relative to burning may not be affected in the

same manner owing to the significantly larger cost of straw removal. Options for

reducing the cost of collection and transportation of rice straw such as

mechanisation of harvesting and baling activities may reduce costs in the long

run and increase the probability of the adoption of straw removal options including

composting. Awareness of environmental laws and regulations appears to be a

consistent positive factor that can increase the relative risk of choosing straw

incorporation and removal over burning, so that increasing information campaigns

and drives regarding these laws and strict implementation of sanctions are also

recommended.
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Chapter 6

Optimal Forest Management for Carbon
Sequestration: A Case Study of Eucalyptus
urophylla and Acacia mangium in Yen Bai
Province, Vietnam

Nghiem Thi Hong Nhung

Abstract The study’smain objective is to identify optimalmanagement strategies for

planted forests when carbon benefits are considered. The Faustmann model is

extended to include multi-stands and spatial arrangement of forest stands of Eucalyp-
tus urophylla andAcaciamangium in YenBai province in northernVietnam. Farmers’
current practice is to cut trees at age five, whereas the optimal rotation age of

E. urophylla (when only timber has a market value) is 10 and 9 years for households

and forest enterprises, respectively, at a 5%discount rate. ForA.mangium, the optimal

rotation age is 13 years for both households and forest enterprises. The NPV is VND

16million per hectare for households of both E. urophylla and A. mangium. For forest
enterprises, the NPV is VND 57 million and VND 62 million per hectare for

E. urophylla and A. mangium, respectively. Adding carbon values makes the optimal

rotation age slightly shorter and the NPV higher. Similarly, taking into account the

spatial arrangement of forest stands shortens the rotation age and improves the NPV.

To encourage forest owners to lengthen the rotation age, the government can use a

lump sum payment of carbon benefits at the beginning of the rotation. A planting cost

subsidy will also help to narrow the actual and the optimal rotation age.

Keywords Vietnam • Faustmann model • Acacia mangium • Sensitivity analysis •

Net present value (NPV)

Introduction

Background

Productive planted forests (as defined by FAO 2006) constitute approximately

13.1 % of the total forest area in Vietnam and have increased by 11.9 % per
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annum during the period 2002–2006 (Forest Protection Dept 2007). In time of rapid

climate change, managing planted forests for multiple-use purposes, i.e. timber

production and carbon sequestration, is increasingly important. The global cost of a

climate policy with forestry as an abatement option is $3.0 trillion cheaper than a

policy without forestry (Tavoni et al. 2007). In addition, Vietnam is claimed to gain

a lot from engaging in the international carbon market; however, the benefits of

carbon sequestration have not been adequately studied in the management of

productive planted forests (Bui and Hong 2006).

During the period 2007–2015, the area of productive planted forests will con-

tinue to expand as the result of the Five Million Hectare Afforestation Program

(Vietnamese Government 2007a) and because of a large demand for wood domes-

tically (Department of Forestry 2006). To increase the value of carbon sequestration

while ensuring timber production, there is an urgent need to adopt an optimal

management strategy for productive planted forests.

The optimal rotation age has been identified for some dominant tree species in

Vietnam that maximizes the net present value from timber production. Nguyen and

Doan (2005) showed that the rotation age of hybrid Acacia is 7–8 years for small-

sized timber and 14–15 years for large-sized timber. For Acacia mangium, Nguyen
et al. (2006) suggested that the optimal age should be longer than the rotation age that

is applied by forest farmers. However, the optimal management strategy for planted

forests when carbon sequestration is considered remains unknown in Vietnam.

In Yen Bai province, most of the fast-growing tree species in productive planted

forests are cut at the age of 5 years (Nguyen et al. 2006). This cutting age is less than

the optimal harvesting age that takes into account both timber production and

carbon sequestration (Diaz-Balteiro and Rodriguez 2006; van Kooten et al. 1995).

Moreover, the majority of forest farmers apply clear cutting harvesting practice

(Bui and Hong 2006) that destroys habitat and causes serious loss of biodiversity

(Pawson et al. 2006). These consequences are the result of forest farmers’ daily
basic needs, lack of investment capital (Nguyen et al. 2006) and no payment for

environment services (Bui and Hong 2006) among other factors.

The optimal rotation age, for both single and multi-stand forests, when carbon

value is included has been widely known in the international literature. The literature

shows that carbon rotation length may differ from Faustmann rotation. With the

growing concern over climate change, Englin and Callaway (1993) included carbon

value into Faustmann rotation and found that the optimal rotation differs from the

standard Faustmann rotation. Interestingly, they showed that the optimal rotation

increases as the discount rate increases. They explained that carbon emission after

harvest lengthens the optimal rotation, as the discount rate rises, rather than shortens

it. Moreover, van Kooten et al. (1995) studied the effect of carbon taxes and subsidies

on the optimal forest rotation age and concluded that the carbon optimal rotation is a

little longer than the Faustmann rotation age. Diaz-Balteiro and Rodriguez (2006)

employed a dynamic programming approach and showed that the optimal rotation

age is sensitive to changes in the discount rate and carbon price. Gutrich and Howarth

(2007) confirmed that when carbon storage brings benefits to society, optimal rotation

ages are extended depending on the forest types.
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Aim of Study

This study has applied the theoretical model of optimal forest management devel-

oped by Faustmann (1849), i.e. a stand-level model, and extended to include a

multiple-stand forest or a forest-level model, in the Vietnamese context. This model

also included spatial arrangement among forest stands and uncertainty analyses via

simulation.

The study considered policy recommendations to further develop multiple-use

forests in Vietnam. In particular, it is expected that the study could identify policy

for the Ministry of Agriculture and Rural Development to achieve desired man-

agement strategies for different tree species and ownerships, to cope with a change

in market conditions and to encourage carbon storage in Vietnam. The optimal

forest management strategy can also be used to evaluate Clean Development

Mechanism (CDM) projects in terms of their net present value and the amount of

carbon sequestered.

Research Questions

The main research questions addressed in the study are the following:

1. Which pattern of planting and harvesting trees should a forest owner follow in

order to maximize the net present value from timber harvesting and carbon

sequestration?

2. What are the differences in the net present value (NPV) and the rotation age

(T) between two optimal management strategies that consider or do not consider

the value of carbon sequestration?

3. What are the differences in the net present value and the rotation age of the

optimal management strategies for two dominant tree species: for households

and for forest enterprises?

4. How does the optimal management strategy vary with a change in forest area,

timber price, carbon price or discount rate, ceteris paribus?

5. What are the gaps in NPV and T between the current forest management strategy

and the optimal strategy? What policy instruments are relevant to fill the gaps?

Methodology

The Model

Assume a forest consists of n stands with n equal to 1 for the Faustmann model and

is greater than 1 for the forest-level model. The objective of the model is to

maximize the net present value from harvesting timber and sequestering carbon.
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The dependent variables (i.e. the optimal management strategy) include the net

present value and its associated rotation length. For further details of the model, see

Nghiem (2011, 2013, 2014).

Let

v :ð Þ : the discounted sum of timber and carbon values

as : the area of stands in hectares
xst : age of stands in period t

The model objective is to maximize the discounted revenue from timber and

carbon:

v a1, ::an; x10, ::, xn0ð Þ ¼ max
X50
t¼0

1þ rð Þ�t Ut þ At½ � ð6:1Þ

subject to

dst ¼ 0 or 1, s ¼ 1, . . . , n, binary decision variables

xs, tþ1 ¼ xst þ 1ð Þ: 1� dstð Þ, s ¼ 1, . . . , n, age of stand s at period tþ 1

xst � 0, s ¼ 1, . . . , n, nonnegative constraint of ages

where

r discount rate

Ut

Xn
s¼1

q xstð Þ:as: dst:P xstð Þ½ � � G htð Þ timber value at the period t

q xstð Þ timber volume per ha of stand s in period t

dst the binary decision variable,
dst ¼ 1 : stand s is clear-cut in period t
dst ¼ 0 : stand s is kept in period t

P xstð Þ price of timber per unit volume, which varies

with timber’s age

G htð Þ planting cost of timber at period t,
which varies with planting size

G htð Þ ¼ βh λ
t β and λare estimated from survey data

ht ¼
Xn
s¼1

dst:as : planting size in hectare in period t

At ¼
Xn
s¼1

Qc xstð Þ:as:dst:
" #

: Pc : amount of carbon sequestered at period t

Qc amount of carbon sequestered, metric tonne

Pc per ha carbon priceper metric tonne

The model assumes no carbon tax is imposed on the forest owner at harvest. The

carbon emission and transaction costs are also neglected. This formula implies
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carbon sequestration is calculated at the end of rotation for simplicity. Sensitivity to

different payment schemes is provided in the section on sensitivity analysis.

To estimate the cost functions for two species, the planting costs obtained from

the survey were adjusted for appropriate inflation rates. The model assumes a fixed

carbon price of 3 USD (equivalent to 51,000 VND) per tonne CO2.

Timber growth functions of Eucalyptus urophylla and Acacia mangium for site

index II are estimated from the data obtained from the Department of Science and

Technology-MARD (2003).

Eucalyptus urophylla:

q xstð Þ ¼ �1:38x2st þ 40:33xst � 94:07, R2 ¼ 0:99 ð6:2Þ

Acacia mangium:

q xstð Þ ¼ �0:3x2st þ 28:06xst � 63:33, R2 ¼ 0:99 ð6:3Þ

where xst denotes timber age and q(xst) represents timber volume at age xst.
The survey conducted for the study showed that the household’s timber produc-

tivity is approximately one third of the productivity provided in the Yield table

(Department of Science and Technology 2003). The study used a timber volume of

household equal to q(xst)/3. This number is also reported by the Vietnam Ministry

of Natural Resources and Environment (MONRE 2005).

To identify the amount of carbon uptake, carbon sequestration functions from

Vo et al. (2009) are used. Since the carbon sequestration functions from Vo

et al. were not suitable to apply for planted forests aged beyond 7 years, some

adjustments were carried out on the carbon sequestration functions as follows. First,

using tree density data from Tables of Site Index (Department of Science and

Technology 2003) and tree density at planting from the survey, the relationship

between stand age and tree density for households and enterprises was calculated.

Tree density of both species at planting was 2,189 and 1,660 trees/ha for households

and enterprises, respectively.

Second, the study ran the carbon sequestration functions from Vo et al. with

respect to stand age and tree density for site index I for Eucalyptus urophylla and

site index II for Acacia mangium. The carbon sequestration from Vo et al. is

LnQc¼ 22.036+ 0.313lnX-1.584lnN, where Qc is the amount of carbon uptake

(kg/ha), X is the age of the tree and N is the tree density (per ha). Tree density at

age 12/13 for Eucalyptus urophylla/Acacia mangium was used for the rest of

rotation so that the amount of carbon sequestered was not too high.

Finally, based on these figures, the study re-estimated the carbon sequestration

functions with respect to stand age only, and this was used in the analysis. The final

functions are as follows. For households with Eucalyptus urophylla:

Qc xstð Þ ¼ �0:071x2st þ 6:0155xst þ 11:567,R2 ¼ 0:9633 ð6:4Þ
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For enterprises with Eucalyptus urophylla:

Qc xstð Þ ¼ �0:1101x2st þ 9:3232xst þ 17:928,R2 ¼ 0:9633 ð6:5Þ

For households with Acacia mangium:

Qc xstð Þ ¼ �0:0305x2st þ 4:9714xst þ 66:114,R2 ¼ 0:9921 ð6:6Þ

For enterprises with Acacia mangium:

Qc xstð Þ ¼ �0:0271x2st þ 4:42xst þ 58:781,R2 ¼ 0:9921 ð6:7Þ

where xst denotes timber age and Qc(xst) represents the carbon amount (tonne/ha)

sequestered up to age xst.
The study adjusted the carbon sequestration functions from Vo et al. (2009) so

that these functions fit to the study. The adjusted carbon sequestration functions

from Vo et al. for Eucalyptus urophylla are given below:

Qc xstð Þ ¼ 15:987e0:1516xst ð6:8Þ
Qc xstð Þ ¼ e22:036þ0:313ln xstð Þ�1:584ln Nð Þ ð6:9Þ
Qct xstð Þ ¼ e 4:1343�4:6438=xstð Þ

� �
=1, 000 ð6:10Þ

where Qct(xst) is the carbon amount uptake by individual trees (kg/tree) and

N denotes tree density (trees/ha). Equation (6.8) is the carbon sequestration function

for households, adjusted using Eq. (6.9). In Eq. (6.10), it was assumed that tree

density is 1,000 trees/ha.

To find the optimal strategy, all scenarios with different rotation ages were

compared, based on the objective variable. The scenario that had the highest net

present value was chosen as the optimal strategy. The model was coded in GAMS

and was used to analyse the optimal forest management strategy for case studies in

Yen Bai province, Vietnam.

Field Survey

The final questionnaires implemented for the study contain five parts. Part I

obtained information about age, gender, ethnic, education, size of household,

labour and financial status. Part II included questions about sizes of forest lands

and other lands, cutting practice, initial stage of forest and understorey plants. Part

III requested information about timber production costs, capital and subsidy from

the government. Part IV is related to the income from forest and other sources in

2007. Part V investigated the management strategy regarding rotation length,
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government subsidy and method of payment for carbon sequestration and carbon

pooling.

The study sites comprised Tran Yen, Van Yen and Yen Binh districts. Two

communes in each of the three districts were selected based on consultations with

local government officials. They comprised Viet Cuong and Cuong Thinh in Tran

Yen district, Ngoi A and Yen Thai in Van Yen district and Vu Linh and Vinh Kien

in Yen Binh district. The sample population consisted of households who grew

Eucalyptus urophylla or Acacia mangium and owned a productive forest of at least

0.5 ha. Households were selected randomly. Surveys were implemented in

September 2008. A total of 271 usable questionnaires out of 291 distributed were

collected. The study also collected data from four state forest enterprises, a private

forest enterprise, a special management board, the Yen Bai Forestry Department

and other forestry departments at district level and commune level.

Results and Discussion

Study Area and Forest Management in Vietnam

Yen Bai is located 180 km northwest of Hanoi, with a total area of 688,630 ha of

which more than 70 % is covered by mountains and highlands. Yen Bai is a major

timber supply area in Northern Vietnam. The area of productive planted forest in

Yen Bai is 116,472 ha, accounting for 59.1 % of the total area and 6.94 % of the

total productive planted forest area in Vietnam (Forest Protection Department

2007). Nine state enterprises and 41,000 households are involved in forest planta-

tion (Yen Bai Forestry Department 2008; Nguyen et al. 2006). In Yen Bai, 50 % of

the productive forest area is managed by a commune committee, 42.1 % by

households and 7.6 % by forest enterprises, while the remaining area belongs to

other institutions. Planted forests are dominated by fast-growing trees such as

Eucalyptus spp., Acacia spp., Styrax tonkinensis, Manglietia conifera,
Cinnamomum cassia blume and other native species (Yen Bai Forestry Department

2008).

All forest land in Vietnam is under state ownership. According to Government

Decree No. 163/1999/ND-CP (Vietnamese Government 1999), forest lands are

allocated and leased to individuals and organizations for long-term forestry pur-

poses. Forest land allocated to households shall not exceed 30 ha and a 50-year use

right. After 50 years, the right to use the land can be extended at the request of the

forest owner. Government Decree No. 135/2005/ND-CP (Vietnamese Government

2005a) allows state forest enterprises to contract their land to households for a

maximum of 30 years. Decision No. 40/2005/QD-BNN (Vietnamese Government

2005b) allows forest owners to make their own decisions about the harvest age of

timber and clear-cut size. Decision No. 100/2007/QD-TTg (Vietnamese Govern-

ment 2007b) states that the government encourages forest owners to lengthen the

rotation ages.
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Planting Cost and Timber Revenue

For households, the planting cost of Eucalyptus urophylla is 6.85 million VND per

ha, 0.07 million VND higher than that of Acacia mangium. For forest enterprises,
the average planting cost (including planting cost, tending cost up to year 3 and

other costs) is 17.02 million VND per ha for Eucalyptus urophylla and 14.09 for

Acacia mangium. These costs are higher than those of households since enterprises
use more fertilizers and bear other associated costs such as management, design and

interest payments. These cost data were used to calculate the Faustmann rotation for

households and for enterprises.

The timber revenue per ha per rotation for Eucalyptus urophylla is nearly seven

million VND higher than that for Acacia mangium (Table 6.1). The study used the

average timber price of 0.37 and of 0.33 million VND per m3 for Eucalyptus
urophylla and Acacia mangium to calculate Faustmann rotations for households

and enterprises.

From household survey data, the study estimated the following function of

economies to planting scale for Eucalyptus urophylla:

G htð Þ ¼ 5:16h0:98t , R2 ¼ 0:66 ð6:11Þ

where ht denotes planted area (ha) and G(ht) represents planting cost (million VND

per ha). In this case, the level of economies to scale λ equals 0.98.
Similarly, the cost function for Acacia mangium is as follows:

G htð Þ ¼ 4:56h1:07t , R2 ¼ 0:66 ð6:12Þ

In the case of Acacia mangium, the cost function exhibited increasing planting cost
to scale. Intuitively, this can be explained by households with a large area having

more money to invest in their plantations; hence, an increasing cost to scale exists.

However, it was hard to identify economies of scale since households employed

different techniques and amount of capital, labour and fertilizer in their forests.

Also, more than 70 % of Yen Bai province comprises mountainous and highland

terrain, making it difficult to apply modern technology. Hence, the study used

economies to scale for planting cost of nearly 1 for both tree species. The study

Table 6.1 Timber price and revenue in 2007

Species

Selling

place

Average timber revenue per ha

(million VND)

Average timber price per m3

(million VND)

Eucalyptus
urophylla

Stumpage

price

19.38 0.37

Landing 1 22.06 0.44

Acacia
mangium

Stumpage

price

12.89 0.33

Landing 1 10.39 0.35
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still used the function of economies to planting scale of Eucalyptus urophylla to

calculate forest-level rotation. Sensitivity of the optimal rotation age to the value of

λ is presented in the section on sensitivity analysis.

Faustmann Rotation

The optimal ages for both species are higher than the actual harvesting ages

(i.e. 5 years) based on the survey. At positive discount rates, the optimal rotation

length ranges from 8 to 10 years, and the NPV is between 3 and 189 million VND

per ha for Eucalyptus urophylla and from 9 to 17 years and between 3 and

209 million VND/ha for Acacia mangium. The Faustmann rotation for households

is a little longer than that for enterprises, but the NPV is much smaller. This result is

interesting since most planted forest areas of forest enterprises are contracted to

households. The terms of conditions vary among forest enterprises. The NPV for

forest enterprises is higher than that for households because of timber growth.

Households whose land is allocated from the government tend to plant trees with

higher density, use less fertilizers and may apply inappropriate growing techniques.

When carbon has value, the household’s rotation and the enterprise’s rotation are
nearly identical. For both households and enterprises, the carbon optimal rotation is

slightly shorter compared to the Faustmann rotation, but the carbon NPV is higher

than the Faustmann’s (see Tables 6.2 and 6.3). This finding (i.e. carbon sequestra-

tion making the rotation age shorter) is in contrast to the result of van Kooten

et al. (1995). The difference could be due to the different tree species in the two

studies. In this study, the trees are fast-growing trees; hence, carbon uptake and

Table 6.2 Faustmann rotation age with and without carbon value for Eucalyptus urophylla in

forest households and enterprises

Discount rate

(%)

Households Enterprises

Timber only With carbon Timber only With carbon

T
(years)

NPV (m. VND/

ha) T NPV T NPV T NPV

1 10 51.97 10 64.44 10 170.52 10 189.85

2 10 38.17 10 47.82 10 126.86 10 141.81

3 10 28.41 10 36.03 10 95.87 10 107.68

4 10 21.36 10 27.49 10 73.42 10 82.92

5 10 16.15 9 21.24 9 56.86 9 65.17

6 10 12.24 9 16.68 9 44.90 9 51.84

7 9 9.36 9 13.15 9 35.61 9 41.48

8 9 7.10 9 10.35 9 28.25 9 33.29

9 9 5.29 8 8.15 9 22.35 8 27.04

10 9 3.81 8 6.42 8 17.78 8 21.95

Note: *Carbon price is 51,000 VND per metric tonne (equivalent to 3 USD per metric tonne)

6 Optimal Forest Management for Carbon Sequestration. . . 121



timber growth are higher in early years. The native tree species in van Kooten

et al. has a totally different pattern of growth throughout its life. Therefore, it is

optimal to cut and replant trees sooner to maximize profit from selling timber and

sequestering carbon.

Forest-Level Rotation

To estimate forest-level rotation, the study used Microsoft Excel to randomly

choose 5 case studies for Eucalyptus urophylla from the survey data (Table 6.4).

The number of stands ranges between 1 and 5 in the database, so the study randomly

chose one case that has 2, 4 and 5 stands and two cases that have 3 stands. For the

initial ages of forest stands, the study analysed two cases: (1) zero initial ages and

(2) actual initial ages. Forest stand areas are the actual households’ stand areas.

For Eucalyptus urophylla, in all ten cases, the optimal rotation age with or

without carbon is shorter by up to 2 years than the Faustmann rotation, and the

NPV is greater than that of the Faustmann. In particular, when the initial age of the

forest is greater than zero (i.e. cases 1, 3, 5, 7 and 9), at a 5 % discount rate, carbon

sequestration makes the rotation age shorter. When the initial age equals zero, at

8 % discount rate, adding carbon value shortens the rotation age. The optimal

rotation decreases with an increasing discount rate as in the Faustmann model

(Table 6.5).

Table 6.3 Faustmann rotation age with and without carbon value for Acacia mangium in forest

households and enterprises

Discount rate

(%)

Households Enterprises

Timber only With carbon Timber only With carbon

T
(years)

NPV (m. VND/

ha) T NPV T NPV T NPV

1 17 59.95 17 75.65 17 195.76 17 209.71

2 17 42.60 13 55.22 17 141.63 13 153.24

3 17 30.51 13 41.19 13 105.76 13 115.57

4 13 22.34 13 31.06 13 80.58 13 88.33

5 13 16.60 10 24.11 13 62.00 10 68.52

6 13 12.30 10 18.87 11 48.23 10 54.53

7 13 9.01 10 14.83 10 38.27 10 43.73

8 11 6.55 9 11.71 10 30.59 10 35.26

9 11 4.67 9 9.29 10 24.46 9 28.51

10 10 3.15 9 7.32 10 19.49 9 23.27
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Sensitivity Analysis

Carbon Price

The study performed a sensitivity analysis of the Faustmann model with a carbon

price from 3 USD (0.051 million VND) to 70 USD (1.19 million VND) per metric

tonne and with the carbon price assumed constant over the planning horizon. In the

case of Eucalyptus urophylla (Table 6.6), the carbon rotation age decreases signif-

icantly with an increasing carbon price (up to 75 %) and moderately with the

discount rate (up to 33 %). The level of decrease is slightly different between

households and enterprises. In general, the rotation age ranges from 2 to 10 years.

For Acacia mangium (Table 6.7), the relationship between the carbon rotation age

Table 6.4 Case studies of forest-level rotation for Eucalyptus urophylla

Cases Codes*

No. of

stands

Area of stands (ha) Age of stands (years)

S1 S2 S3 S4 S5 S1 S2 S3 S4 S5

1 A086 5 3.1 2.9 1 0.8 0.8 3 3 3 3 3

2 A086 5 3.1 2.9 1 0.8 0.8 0 0 0 0 0

3 A075 4 1 0.3 0 0.3 . . . 4 2 2 2 . . .

4 A075 4 1 0.3 0 0.3 . . . 0 0 0 0 . . .

5 A038 3 3 1 1 . . . . . . 1 1 1 . . . . . .

6 A038 3 3 1 1 . . . . . . 0 0 0 . . . . . .

7 A017 3 2 0.5 1 . . . . . . 2 1 1 . . . . . .

8 A017 3 2 0.5 1 . . . . . . 0 0 0 . . . . . .

9 A007 2 1 1 . . . . . . . . . 4 2 . . . . . . . . .

10 A007 2 1 1 . . . . . . . . . 0 0 . . . . . . . . .

Note: *Coding number used in the database

Table 6.5 Forest-level rotation with and without carbon value for Eucalyptus urophylla

Discount rate (%) 5 8

Case

Timber Carbon Timber Carbon

T (years) NPV (m.VND/ha) T NPV T NPV T NPV

1 10 21.42 8 26.81 8 12.16 8 15.93

2 9 17.82 9 22.48 9 8.64 8 11.47

3 10 21.27 8 26.64 8 12.08 8 15.93

4 9 17.42 9 22.08 9 8.34 8 11.14

5 10 18.51 9 23.32 8 9.52 8 12.75

6 9 17.70 9 22.36 9 8.55 8 11.37

7 10 19.12 8 24.01 8 10.07 8 13.44

8 9 17.61 9 22.27 9 8.48 8 11.30

9 10 20.97 8 26.27 8 11.79 8 15.57

10 9 17.48 9 22.14 9 8.38 8 11.19
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Table 6.6 Sensitivity analysis of Faustmann rotation age with constant carbon price for Euca-
lyptus urophylla in forest households and enterprises

Discount rate (%) Carbon price (USD/tonne)

Households Enterprises

T (year) NPV (m. VND/ha) T NPV

1 3 (0.051 m.VND) 10 64.44 10 189.85

10 (0.17) 10 93.54 10 234.95

20 (0.34) 9 135.70 10 299.37

70 (1.19) 4 385.18 6 645.93

5 3 (0.051) 9 21.24 9 65.17

10 (0.17) 9 33.75 9 84.56

20 (0.34) 7 52.75 8 112.56

70 (1.19) 3 174.62 5 277.39

8 3 (0.051) 9 10.35 9 33.29

10 (0.17) 8 18.43 8 45.92

20 (0.34) 6 31.22 7 64.72

70 (1.19) 3 115.12 5 174.52

10 3 (0.051) 8 6.42 8 21.95

10 (0.17) 7 12.91 7 31.69

20 (0.34) 6 23.20 7 46.92

70 (1.19) 2 92.84 4 135.57

Table 6.7 Sensitivity analysis of Faustmann rotation age with constant carbon price for Acacia
mangium in forest households and enterprises

Discount rate (%) Carbon price (USD/tonne)

Households Enterprises

T
(year)

NPV (m. VND/

ha) T NPV

1 3 (0.051 m.VND) 17 75.65 17 209.71

10 (0.17) 6 123.87 13 245.22

20 (0.34) 1 533.47 10 304.19

70 (1.19) 1 2,924.46 1 1,953.58

5 3 (0.051) 10 24.11 10 68.52

10 (0.17) 4 51.29 10 86.71

20 (0.34) 1 258.31 7 117.21

70 (1.19) 1 1,416.04 1 945.93

8 3 (0.051) 9 11.71 10 35.26

10 (0.17) 3 31.84 8 47.31

20 (0.34) 1 178.04 6 70.15

70 (1.19) 1 976.01 1 651.99

10 3 (0.051) 9 7.32 9 23.27

10 (0.17) 3 24.81 8 33.29

20 (0.34) 1 146.97 5 52.77

70 (1.19) 1 805.67 1 538.20
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and the carbon price or the discount rate is similar to that of Eucalyptus urophylla.
However, the households’ rotation age is very sensitive to carbon price. It decreases
to 1 year at the carbon price of 20 USD/tonne at all discount rates. The spread of the

optimal rotation age is larger than that of Eucalyptus urophylla, ranging from 1 to

17 years.

The relationship between the rotation length and the carbon price contrasts to the

findings of van Kooten et al. (1995) but is in agreement with the results of Englin

and Callaway (1993) including amenity value. Diaz-Balteiro and Rodriguez (2006)

find that carbon price has little effect with no clear pattern regarding the optimal

rotation. The relationship between the rotation age and discount rate agrees with the

literature, with an exception for Englin and Callaway, in which carbon rotation

(without timber value) increases in relation to the discount rate. For Eucalyptus
urophylla, at a 5 % discount rate and carbon price of 20 USD per metric tonne, the

difference between the net present value with and without a carbon scheme is

approximately 21 million VND per ha, about equal to the compensation level

required by households to lengthen the rotation age.

The study also analysed the optimal management strategies under stochastic

carbon prices. Carbon prices were generated randomly in GAMS over a 50-year

planning horizon and then were used to run the optimization model. This procedure

was carried out ten times. There were three magnitudes of carbon price: from 0 to

1.2 million VND per metric tonne (equal to 0–70 USD/tonne), from 0 to 0.5 m.

VND/tonne (equal to 0–29.5 USD/tonne) and from 0 to 0.3 m. VND/tonne (equal to

0–17.7 USD/tonne). The relationship between the optimal rotation age and carbon

price is the same as in the case of a constant carbon price (Tables 6.8 and 6.9), that

is, the optimal rotation age decreases as the maximum value of carbon price

increases. The Acacia mangium’s optimal rotation age is more sensitive to the

carbon price than that of Eucalyptus urophylla. At the maximum carbon price of

1.2 m. VND/tonne (or 70 USD/tonne), the rotation age of Acacia mangium is

reduced to 1 year for all ten runs.

Discount Rate

In general, the optimal rotation age is shorter with an increasing discount rate. The

speed with which the optimal rotation age shortens with an increasing discount rate

is lower compared to the case of a constant carbon price. Moreover, stochastic

carbon price lengthens the optimal rotation age. For example, for Acacia mangium,
at a constant carbon price of 0.34 million VND, all rotation ages are 1 year, while at

a stochastic price of 0.3–0.5 million VND, many rotation ages are greater than

1 year. For Eucalyptus urophylla, at a constant price of 1.19 million VND, the

rotation ages are less than 4 years, while at a stochastic price, they are almost

greater than 5 years. This result agrees with the results of Chladna (2007) and

Thomson (1992).
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Carbon Payment Scheme

The project also investigated the impacts of various carbon payment schemes on the

optimal management strategy (Tables 6.10 and 6.11). Carbon value can be paid to

forest owners at the beginning of the rotation (with an expectation of rotation age)

every year or at the end of the rotation. It was found that a lump sum payment at the

beginning of the rotation lengthens the optimal rotation age and increases the NPV

compared to an annual payment and payment at the end of the rotation. Interest-

ingly, the optimal rotation age increases with a rise in the discount rate and a carbon

price of 1.19 million VND (70 USD/tonne). Intuitively, this result follows from

having the payment at the beginning of the rotation in combination with a high

carbon price, making the carbon benefit greater than the timber value and worth-

while lengthening the rotation age.

Table 6.9 Sensitivity analysis of Faustmann rotation age with stochastic carbon price for Acacia
mangium

Maximum

carbon

price

(m.VND/

tonne)

The

order of

the run

(out of

ten)

T (year) NPV (m. VND/ha)

Discount rate (%) Discount rate (%)

1 3 5 8 10 1 3 5 8 10

1.2 First

run

1 1 1 1 1 1,159.2 791.7 583.0 411.1 343.9

Fifth

run

1 1 1 1 1 1,055.2 740.7 555.2 395.3 329.8

Eighth

run

1 1 1 1 1 1,067.2 700.7 498.9 339.0 278.4

0.5 First

run

1 1 2 2 2 302.3 199.2 143.5 103.2 86.9

Third

run

2 2 1 1 1 195.9 126.8 92.9 66.2 56.4

Ninth

run

1 1 1 1 1 356.5 232.6 161.8 103.3 80.4

0.3 First

run

14 10 5 5 5 124.5 72.1 50.8 32.7 25.3

Second

run

11 9 9 5 5 139.7 84.5 55.6 34.3 26.7

Fourth

run

1 1 1 1 1 1,159.2 791.7 583.0 411.1 343.9

Fifth

run

1 1 1 1 1 1,055.2 740.7 555.2 395.3 329.8
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Table 6.10 Sensitivity analysis of Faustmann rotation age with carbon payment scheme for

Eucalyptus urophylla

Carbon price

(m VND/ tonne)

Discount

rate (%)

Ending payment

Annual

payment

Beginning

payment

T
(year)

NPV

(m. VND/ha) T NPV T NPV

0.051 1 10 64.44 10 65.15 10 65.61

5 9 21.24 10 22.79 10 23.95

8 9 10.35 9 11.94 9 13.09

10 8 6.42 8 7.90 9 9.08

0.17 1 10 93.54 10 95.89 10 97.43

5 9 33.75 9 38.71 10 42.13

8 8 18.43 8 23.33 9 27.07

10 7 12.91 8 17.63 9 21.36

0.34 1 9 135.70 9 139.93 10 142.90

5 7 52.75 8 61.63 9 68.37

8 6 31.22 7 39.99 9 47.04

10 6 23.20 7 31.78 10 38.93

1.19 1 4 385.18 4 393.22 5 397.99

5 3 174.62 4 191.27 5 202.53

8 3 115.12 4 132.22 37 157.95

10 2 92.84 4 109.35 41 157.83

Table 6.11 Sensitivity analysis of Faustmann rotation age with carbon payment scheme for

Acacia mangium

Carbon price

(m VND/ tonne)

Discount

rate (%)

Ending payment

Annual

payment

Beginning

payment

T
(year)

NPV

(m. VND/

ha) T NPV T NPV

0.051 1 17 75.65 17 77.61 17 78.30

5 10 24.11 10 27.90 13 29.10

8 9 11.71 10 15.73 10 16.90

10 9 7.32 9 11.31 10 12.43

0.17 1 6 123.87 9 128.57 9 129.77

5 4 51.29 5 61.05 6 62.71

8 3 31.84 5 41.73 5 43.43

10 3 24.81 4 34.36 5 36.04

0.34 1 1 533.47 1 533.47 1 533.47

5 1 258.31 1 258.31 1 258.31

8 1 178.04 1 178.04 1 178.04

10 1 146.97 1 146.97 1 146.97

1.19 1 1 2,924.46 1 2,924.46 1 2,924.46

5 1 1,416.04 1 1,416.04 1 1,416.04

8 1 976.01 1 976.01 1 976.01

10 1 805.67 1 805.67 1 805.67

128 N.T.H. Nhung



Planting Cost Subsidy

A sensitivity analysis of the carbon rotation age with a planting cost subsidy was

also carried out, and the results are shown in Tables 6.12 and 6.13. Since planting

costs for both species are around six million VND, the study used a subsidy level of

between 0.5 and 6.77/6.85 (full subsidy) million VND per ha per rotation. It is

shown that the larger the planting cost subsidy, the shorter the rotation age. In

particular, for Eucalyptus urophylla, a full subsidy always makes the rotation age

shorter, and a subsidy of 0.5 m VND shortens the rotation only at a 5 % discount

rate. Moreover, at a 5 % discount rate, all subsidy levels induce forest owners to

shorten the rotation age. The NPV is higher with the lower discount rate and the

higher subsidy level.

Timber Price

Timber of different sizes is sold at different prices. The study thus employed a

nonconstant timber price and assumed that harvest size is strongly correlated with

timber age. Using survey data, the study used real timber prices (P) of 0.37 m.

VND/m3 for Eucalyptus urophylla and 0.33 for Acacia mangium as the price for

Table 6.12 Sensitivity analysis of Faustmann carbon rotation age with planting cost subsidy

Eucalyptus urophylla

Discount rate (%) Subsidy level (m. VND/ha) T (year) NPV (m. VND/ha)

1 6.85 9 94.44

4 10 81.00

2 10 72.72

1 10 68.58

0.5 10 66.51

5 6.85 7 40.44

4 8 31.76

2 9 26.47

1 9 23.85

0.5 9 22.55

8 6.85 6 25.91

4 7 18.96

2 8 14.54

1 8 12.39

0.5 9 11.33

10 6.85 6 20.38

4 7 14.21

2 8 10.15

1 8 8.29

0.5 8 7.35
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timber at age 7 years. If timber harvest age (T ) is smaller than 5 years, timber price

equals Pt¼P-0.15. If timber age is between 5 and 6 years, timber price equals

Pt¼P-0.05*(7-T). If timber age is from 7 to 14 years, timber price equals Pt¼P
+0.1*(T-7). If timber age is greater than 14 years, then Pt¼P+0.8. The real timber

price varied from 0.1 to 3 m. VND/m3 for a sensitivity analysis.

For Eucalyptus urophylla, the study found that when the real timber price is low,

it is optimal to grow large-size timber (i.e. the rotation age is around 13–15 years) at

all discount rates. Moreover, at the real timber price (0.37 m. VND) or at the price of

0.1 m. VND, the rotation age remains the same for all discount rates. The higher

timber price lowers the rotation age. Only at an 8 % discount rate and at a three

million VND timber price is it optimal to grow small-sized timber (i.e. 8 years).

Assuming a nonconstant timber price makes the rotation age significantly longer

(i.e. almost from 13 to 15 years) than with the constant-price Faustmann solution

(i.e. from 8 to 10 years). The NPV increases with timber price and decreases with

the discount rate. The relationships between the optimal rotation/the NPV and

timber price for Acacia mangium are similar to those for Eucalyptus urophylla
(Tables 6.14 and 6.15).

Table 6.13 Sensitivity analysis of Faustmann carbon rotation age with planting cost subsidy

Acacia mangium

Discount rate (%) Subsidy level (m. VND/ha) T (year) NPV (m. VND/ha)

1 6.77 10 99.60

4 13 88.38

2 13 81.72

1 13 78.39

0.5 17 76.92

5 6.77 6 42.66

4 9 33.90

2 10 28.84

1 10 26.47

0.5 10 25.29

8 6.77 5 27.55

4 7 20.15

2 8 15.69

1 9 13.68

0.5 9 12.69

10 6.77 5 21.85

4 6 15.14

2 8 11.02

1 8 9.16

0.5 8 8.22
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Table 6.14 Sensitivity analysis of Faustmann carbon rotation age with timber price where timber

price is nonconstant for Eucalyptus urophylla

Discount rate (%) Timber price (m. VND/m3) T (year) NPV (m. VND/ha)

1 0.1 15 140

0.3 15 174

0.37 14 186

0.5 14 210

1 14 302

3 10 700

5 0.1 15 46

0.3 14 58

0.37 14 63

0.5 14 72

1 13 107

3 9 280

8 0.1 15 22

0.3 14 29

0.37 14 32

0.5 13 37

1 11 59

3 8 168

Table 6.15 Sensitivity analysis of Faustmann carbon rotation age with timber price where timber

price is nonconstant for Acacia mangium

Discount rate (%) Timber price (m. VND/m3) T (year) NPV (m. VND/ha)

1 0.2 17 232.52

0.33 17 262.95

0.5 17 302.76

2 17 653.96

3 17 888.10

5 0.2 15 79.55

0.33 15 90.68

0.5 15 105.22

2 15 233.58

3 14 320.94

8 0.2 15 40.61

0.33 15 46.72

0.5 15 54.71

2 13 127.08

3 11 180.91

10 0.2 15 26.67

0.33 15 30.98

0.5 15 36.62

2 11 91.49

3 9 133.81

6 Optimal Forest Management for Carbon Sequestration. . . 131



The study also computed the optimal rotation age when the timber price

increases every year at 1 % and 10 %. For Eucalyptus urophylla, compared with

the carbon rotation age with a constant price, the rotation age is longer at every

discount rate, increasing from 8–10 years to 13–14 years and to 14–18 years at 1 %

and 10 %, respectively. With the timber price increasing at 1 % every year, the

rotation age decreases as the discount rate increases. However, with a 10 % annual

price increase, this rule seems to be no longer valid. In particular, at the timber price

of two million VND/m3, the rotation age is 13–14-13 years as the discount rate

increases (Table 6.16). This unusual relationship between the discount rate and the

rotation age occurs not only with this carbon sequestration function but also with

the other carbon sequestration function and for Acacia mangium as well. Interest-

ingly, at a 10 % increase, the optimal rotation of Acacia mangium is no longer

sensitive to the timber price. At a 1 % discount rate, it is optimal to keep trees until

the end of the planning horizon (Table 6.17).

Table 6.16 Sensitivity analysis of Faustmann carbon rotation age when timber price is

nonconstant and increasing every year for Eucalyptus urophylla

Price increasing/year 1 % 10 %

Timber price (m. VND/m3) r (%) T NPV T (year) NPV (m. VND/ha)

0.2 1 15 218 18 6,501

5 15 69 15 1,257

8 14 33 15 447

10 14 21 15 242

0.37 1 14 258 18 7,608

5 14 83 14 1,487

8 14 41 14 526

10 13 27 14 285

0.5 1 14 290 18 8,454

5 14 94 14 1,669

8 14 47 14 591

10 13 31 14 321

2 1 13 671 13 18,438

5 10 239 14 3,766

8 9 135 14 1,340

10 9 99 13 735

3 1 10 940 13 25,534

5 9 348 13 5,191

8 9 202 13 1,855

10 8 150 10 1,032
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Conclusions and Policy Implications

This research applied the Faustmann formula to find the optimal rotation age and

the net present value when carbon sequestration is included, for Eucalyptus
urophylla and Acacia mangium in Yen Bai province, Vietnam.

The survey results show that the actual tree cutting age is 5 years. When only

timber value is considered, the optimal rotation age of Eucalyptus urophylla is

10 and 9 years for households and forest enterprises, respectively, at a 5 % discount

rate. For Acacia mangium, the optimal rotation age is 13 years for both households

and forest enterprises. The net present value is 16 million VND per ha for house-

holds for both Eucalyptus urophylla and Acacia mangium. For forest enterprises,
the NPV is 57 and 62 million VND/ha for Eucalyptus urophylla and Acacia
mangium, respectively.

Adding carbon values makes the optimal rotation age slightly shorter and the net

present value higher. Similarly, taking into account the spatial arrangement of

forest stands shortens the rotation age and improves the net present value. Never-

theless, the rotation age including carbon or forest level is still well above the actual

age. The optimal rotation age decreases with an increasing carbon price, planting

subsidy level, constant timber price and discount rate. The optimal rotation age

Table 6.17 Sensitivity analysis of Faustmann carbon rotation age when timber price is

nonconstant and increasing every year for Acacia mangium

Price increasing/year 1 % 10 %

Timber price (m. VND/m3) r (%) T NPV T (year) NPV (m. VND/ha)

0.2 1 17 322 50 14,027

5 15 103 25 2,107

8 15 52 26 654

10 15 34 17 346

0.33 1 17 364 50 15,850

5 15 117 25 2,381

8 15 59 26 740

10 15 39 17 392

0.5 1 17 419 50 18,235

5 15 136 25 2,740

8 15 69 26 853

10 15 46 17 451

2 1 17 904 50 39,274

5 15 300 25 5,909

8 14 157 26 1,843

10 11 110 17 980

3 1 17 1,227 50 53,300

5 14 410 25 8,021

8 13 219 26 2,504

10 10 159 17 1,332
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increases with a rise in timber price, the level of economies to planting scale and the

stochastic carbon price. The optimal rotation age is sensitive to the particular

carbon payment scheme.

The government could use a lump sum payment of carbon benefits at the

beginning of the rotation to encourage forest owners to lengthen the rotation age.

Survey results show that households equally prefer two payment schemes, with

payment either at the beginning or annually. Moreover, households would agree to

lengthen rotation age with a subsidy of seven million VND per ha per year or

21 million VND per ha per rotation and with a commitment to keep their forest until

11 years. These figures show that the optimal management strategy can be

achieved, for example, at carbon price of 3 USD (0.051 million VND) per metric

tonnes with a 5 % discount rate. Almost all households agreed to engage in a carbon

pooling project, and one fourth of them believed that there are no obstacles to

implementing such a project.

Given that the majority of households cut their trees sooner based on their

family’s financial status, a planting cost subsidy would help to narrow the actual

and the optimal rotation age. Intuitively, instead of investing money to plant trees,

households can use it to meet their living costs and, hence, can delay their harvest.

At a 5 % discount rate, a full subsidy can reduce rotation age from 10 to 6 years.

If the assumption of constant timber price is relaxed, the study found that it is

optimal to grow large-size timber. This is consistent with the fact that in Vietnam,

the wood-processing industry is growing rapidly, and currently, most large-size

timber is imported. Economies of scale in planting show that it is more profitable to

produce at a large scale to reduce production costs.

Finally, the survey data shows that households are financially unable and

unwilling to delay their harvest till 13–15 years to become large-size timber pro-

ducers. Therefore, cooperation or joint venture among households, forest enter-

prises and wood-processing companies could bring a win-win solution. In such an

arrangement, households can receive technical and capital support and achieve the

benefits from a large-scale production, while wood-processing companies can take

advantage of a cheap timber supply from domestic sources.
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Chapter 7

Rubber Plantation Development
in Cambodia: A Cost-Benefit Analysis

Dararath Yem, Neth Top, and Vuthy Lic

Abstract This study focuses on several new policy instruments introduced by the

Government of Cambodia to encourage changes in land use, especially a shift away

from existing uses to smallholder rubber plantations. A cost-benefit analysis is

conducted for two land conversion schemes: first, the conversion of forestland to

large-scale rubber plantations in Tumring Commune, Sandan District, Kampong

Thom Province, and second, the conversion of crop production to smallholder

rubber plantations in several districts of Kampong Cham Province. Five specific

options were evaluated. The results of the cost-benefit analysis show clearly that the

conversion from crop production (maize, soybean, cassava, and cashew) to small-

holder rubber plantation provides the largest benefit to farmers involved in those

conversion schemes. The conversion of forestland into large-scale rubber plantation

ranks last in economic terms. Sensitivity analyses demonstrate that despite varying

key basic assumptions, the ranking of all crops and forest conversion schemes

remains unchanged.

Keywords Cambodia • Land use • Cost-benefit analysis • Sensitivity analysis •

Forest conversion

Introduction

Background

The available land for rubber plantation in Cambodia is located in Kampong Cham,

Kratie, Kampong Thom, Ratanakiri, Mondulkiri, Battambang, Preah Vihear, and

Pailin Provinces. It covers approximately 900,000 ha, where more than 700,000 ha

is basaltic red soil (MAFF 2006). Of the total area of basaltic red soil in Cambodia,

186,600 ha is located in Lower Mekong including Kampong Cham and Kratie

Provinces; 520,000 ha in the northeast plateau including Ratanakiri Province
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(180,000 ha), Mondulkiri (320,000 ha), and Kratie (20,000 ha); and 10,000 ha in

mountain areas. A realistic estimate of the potential area for rubber cultivation in

Cambodia for the north and east areas of the country is approximately 330,000 ha.

As of 2006, the area under rubber plantation was 63,000 ha. The plantations can

be divided into three categories of ownership: state, household-owned, and private-

industrial plantations. The state-owned plantations are mainly located in Kampong

Cham Province, comprising over 63 % of the total rubber plantation land. They are

controlled by seven state companies: Chup, Peam Cheang, Krek, Memot, Snuol,

Chamcar Andong, and Boeung Ket Rubber Plantations. Privately owned planta-

tions covered around 17 % (Khun 2006). Household-owned plantations – or to use

another term “smallholder rubber plantations” – commenced in 1990 (AFD 2006).

The areas under smallholder plantation have increased rapidly from 10,000 ha in

1995 to 18,600 ha in 2006 (GDRP 2006). AFD (2006) projections indicate that

areas under smallholder rubber plantations would increase to 35,000 ha by

year 2010.

In addition to existing private-industrial plantations, more privately owned

plantations are granted under the economic land concession (ELC) scheme, initi-

ated by the Royal Government of Cambodia (RGC) in 1992. Such concessions

comprise agro-industrial plantations, including cash crops (palm oil, cashew nuts,

cassava, bean, sugar cane, rice, and corn), fast-growing trees (acacia, eucalyptus,

pine), and other valuable trees such as rubber and teak. Since then, about 907,000 ha

of land have been approved for development under 50 concessions. Of the total land

area, about 13 % (approximately 120,000 ha) was granted partly for growing rubber

trees. Such plantation development seems to be one of the main crops currently

planned to be cultivated. However, only a limited number of plantations are

actually in progress, while for others, it remains unknown whether rubber trees

have been planted or not (MAFF 2006).

Most of the rubber plantation area in Cambodia has been converted from

forestland. Large areas of forestland have been cleared to develop rubber planta-

tions. Based on MAFF (2006), large parts of many concessions fall within areas

covered by natural forest – as has been found by tracking the coordinates of

concessions provided in the agreement contracts using the digital land-use map

produced by the Forestry Administration in 1997 – meaning that these forests are

subject to clearance for the purposes of establishing rubber plantations. In 2001, for

example, the Royal Government of Cambodia canceled 6,200 ha of forest conces-

sions of three logging companies in Tumring Commune, Kampong Thom Province.

Of the total canceled area, 912 ha were given to local people, 929 ha were reserved

for smallholder rubber production, and 4,359 ha were given to Chup Rubber

Plantations for rubber development. Chup Rubber Plantation, moreover, also

hired the adjacent forest concessionaires to log 1,200 ha to develop rubber planta-

tions. The development of rubber plantations is thus considered one of the major

causes of deforestation in developing countries (Liu et al. 2006).

Jiang and Wang (2003) claimed that rubber plantations play an important role

similar to natural forests. Their functions have been extensively studied in terms of

rainfall, water runoff, evaporation and transpiration, and soil moisture. The same
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study showed that annual rainfall, which is intercepted by plantations, accounted

for 11 and 63 % for evaporation and transpiration (water returned to the atmosphere

from plant cells and soil moisture). Further, it was shown that plantations decrease

soil erosion by reducing rainwater runoff and hence can play a very important role

in protecting watersheds. Another indirect benefit of rubber plantations is carbon

sequestration. According to Khun (2006), rubber plantations at the age of 25 can

sequester 525 tons of carbon per hectare.

The present study takes a closer look at the economic aspects of land conversion

to rubber plantations by analyzing the economic costs and benefits of conversion

scenarios at different locations. The government declaration No. 03 Rbk dated

08/08/00 encourages farmers to plant rubber trees on their small-scale plantations

with credit support and land tenure policy. The policy aims to push rubber devel-

opment as an agro-industry not only on farmers’ lands but also on private lands

especially small-scale rubber plantation. The study endeavors to contribute to

policy discussion on the potential role of rubber development in poverty alleviation

and economic development in Cambodia.

Aims of the Study

The general objective of this study was to analyze trade-offs related to rubber

plantation development in Cambodia based on a cost-benefit analysis (CBA)

framework. More specifically, the study compares the direct and indirect values

of existing land uses with those of rubber plantations based on estimated returns

from established rubber plantations of different ages, in Kampong Cham and

Kampong Thom Provinces.

Methodology

Data Collection

The research team collected secondary information related to economic land

concessions, forestland, rubber plantations, and others prior to fieldwork. They

also interviewed key informants from relevant institutions such as the General

Directorate of Rubber Plantation, the Rubber Research Institute of Cambodia, the

Forestry Administration, and the National Institute of Statistics.

Information on standing stock, timber productivity, non-timber forest products

(NTFPs), yield of latex, latex price, and the environmental functions of forests and

rubber plantations such as carbon sequestration, soil erosion control, and watershed

protection was obtained from published literature (e.g., Hansen and Top 2006;

Khun 2006; Yamashita et al. 1999; Balsiger et al. 2000).
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The fieldwork comprised three phases. Phase I covered the selection of sites,

general observation, and positioning of the selected plantations using GPS, etc. This

kind of information was used in identifying the actual location of plantations and

previous types of land use before the arrival of plantations, using the land-use map

of 1998 produced by the Forestry Administration in 1999 and ArcView 8.3 (ESRI,

Inc.) software application. Apart from natural forests, additional baseline land uses

were identified. Phase II involved the pretesting of a questionnaire and refinement

of the survey instrument. Phase III was the field survey of households and planta-

tion owners, farmers’ key informant interviews, and Rapid Rural Appraisal (RRA).

The household survey collected information on changes in the livelihoods of

people in the communes before and after the establishment of rubber plantations.

The information gathered includes the income generated from natural forests and

rubber, the contribution of rubber plantations in improving livelihoods, the direct

and indirect values of rubber plantations, reasons why local people decided whether

or not to plant rubber, and past and current price of latex. Information on people’s
perceptions of land use changes and the impacts of land conversion on local

livelihoods was also collected. Three villages located within and/or surrounding

selected plantations were chosen for the survey. Approximately 10 % of the total

households within each village were randomly selected for interview.

The plantation holder interviews took place parallel to the household survey.

Plantation holders included owners of both small- and large-scale plantations.

Around 20 small-scale and 4 large-scale plantations located in different places

were selected for the study. Large-scale plantations comprised two plantations,

each selected from industrial and state-owned plantations. The respondents were

asked about the history of rubber development, costs of establishment and mainte-

nance of rubber plantations, expected income from production of latex and timber

over a production cycle, distribution of income originating from rubber plantations,

location of rubber plantations in relation to preferred soil type, or originality of

land-use type (e.g., forest or barren land). Key informants, including chiefs of

villages or communes and officials and workers at the plantations, also provided

similar information related to rubber development in the area and the effects of this

on villagers’ livelihoods.

Specification of Land-Use Options

The study considered the five following land-use conversion schemes:

• Option 1: Conversion from forest land to large-scale rubber plantation

• Option 2: Conversion from cassava production to smallholder rubber plantation

• Option 3: Conversion from soybean production to smallholder rubber plantation

• Option 4: Conversion from maize production to smallholder rubber plantation

• Option 5: Conversion from cashew production to smallholder rubber plantation
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Benefits and costs of each option were estimated and the results compared. Sensi-

tivity analysis was also carried out. Details of the analysis appear below.

Option 1: Conversion from Forestland to Large-Scale Rubber
Plantation

Baseline Land Use: Forest Conservation

Under forest conservation land use, it was assumed that no changes are made to the

current forest cover. Logging is banned, and the local population is freely allowed

to collect NTFPs. The major category of net benefits comprises net returns associ-

ated with environmental benefits, especially biodiversity conservation and carbon

sequestration. These values were taken from existing studies. The present value of

net economic benefits of forest conservation was estimated over a time period of

25 years, at a 10 % discount rate.

Benefits from Forest Conservation

The benefits of forest conservation (see Table 7.1) were divided into two categories:

• Direct revenue from NTFPs. The value of NTFPs of USD 375 per ha per year

was extracted from Hansen and Top (2006).

• Environmental benefits. These values were extracted from previous studies

especially: (1) Hansen and Top (2006) value of water conservation of USD

70 per ha per year, value of soil conservation of USD 60 per ha per year, and

value of carbon sequestration of USD 759 per ha per year with an increment of

2 % per year, and (2) Bann (1998) values of biodiversity conservation of 300 per

ha per year.

Cost of Forest Conservation

The cost of forest conservation (see Table 7.2) was divided into the following items:

• Cost of protection and silviculture. The value of forest area protection and

silviculture was extracted from a previous study of USD 25 per ha per year

(Hansen and Top 2006).

• Capital investment for NTFPs collection. This value was extracted from an

existing report (CBNRM-LI 2008). These costs involve the purchasing of

materials used for timber and non-timber collection especially ox, oxcart,

knife, ax, line, shoe cloth, and mosquito net. The costs would be incurred only

once in year one. It was assumed that the ox and oxcart would last for the whole

project period of 25 years. The knife, ax, line, shoe cloth, and mosquito net
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would be replaced every 2 years. The costs of timber and non-timber product

collection are included in the costs of purchasing food as well as the cost to cover

medical expenses to treat illness incurring the stay in the forest for NTFP

collection.

Alternative Land Use: Large-Scale Rubber Plantation

In the large-scale rubber plantation scheme, it was assumed that the current forest

cover area will be cleared and transformed into large-scale rubber plantations. The

benefit accrues only in the sixth year after planting rubber trees. The present value

of net economic benefits in the rubber plantation was calculated using a period of

25 years and a 10 % discount rate. No attempt was made to estimate the economic

value of the change in people’s livelihood, timber products when cut, wildlife trade,

environmental damages, and all indirect benefits that could accrue especially social

infrastructure (road, school, hospital) or credits from the Clean Development

Mechanism.

Table 7.1 Estimated benefits accruing from forest conservation (Hansen and Top 2006 except

(*): Bann 1998)

Year PV

Year

1

Year

2

Year

3

Year

4

Year

5 . . .
Year

24

Year

25

Value of NTFPs

products

3,404 375 375 375 375 375 . . . 375 375

Value of water

conservation

635 70 70 70 70 70 . . . 70 70

Value of soil

conservation

545 60 60 60 60 60 . . . 60 60

Value of biodi-

versity *

2,723 300 300 300 300 300 . . . 300 300

Carbon seques-

tration value

8,379 759 781 803 825 847 . . . 1,265 1,287

Total benefits 15,686 1,564 1,586 1,608 1,630 1,652 . . . 2,070 2,092

Notes: All values are in USD per ha

Table 7.2 Estimated costs incurred in forest conservation (Hansen and Top 2006; CBNRM-LI

2008)

Year PV

Year

1

Year

2

Year

3

Year

4

Year

5 . . .
Year

23

Year

24

Year

25

Protection and

silviculture (1)

227 25 25 25 25 25 . . . 25 25 25

Cost of NTFPs

collection (2)

702 460 30 40 30 40 . . . 40 30 40

Total costs 929 485 55 65 55 65 . . . 65 55 65

Notes: All values are in USD per ha
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Benefits of Large-Scale Rubber Plantation

The benefits accruing from large-scale rubber plantations are generated from selling

dried rubber products, their by-products, old rubber trees at 25th year, and the

indirect value of carbon sequestration (see Table 7.3). There is also the possibility

of obtaining revenue from renting the lands for intercrop production during the first

3 years, but the study does not take into account this benefit, as it is problematic.

Some large-scale rubber plantation owners encourage their workers to undertake

orchard crop production on the land available without charge, as a bonus for them.

The price of dried rubber products at international market (SMR-L) varies

monthly and represents USD 3,290 per ton on June 2008. The study took into

account the average rate in 2007 of USD 2,331 per ton for the economic calcula-

tions. In line with the results of the field survey conducted in 2007, the study

assumed that the price of dried rubber products at farm gate is equal to 85 % of the

rate in the international market, equivalent to USD 1,982 per ton. Dried rubber

production varies from 0.72 ton per ha in the 6th year to a peak of 1.80 ton per ha in

the 16th year and declines to 0.79 ton per ha in the 25th year. The rubber

by-products represent 0.2 % of total dried rubber. The revenue from selling the

old rubber tree was estimated at USD 3,300 per ha.

Costs of Large-Scale Rubber Plantation

Table 7.4 shows detailed costs incurred in large-scale rubber plantation schemes.

The costs are divided into six components comprising: (1) maintenance of rubber

trees, (2) tapping and harvesting, (3) material and equipment, (4) manufacturing

and coagulating, (5) taxes, and (6) overhead expenses. The average annual total cost

for rubber plantations is USD 628 per ha with minimum cost of USD 226 per ha in

the second year and maximum of USD 809 per ha at the 11th year.

Option 2: Conversion from Agriculture to Smallholder Rubber
Plantation

Baseline Land Use: Agriculture

Benefits of Cassava Production The benefits of cassava production are generated

from selling cassava roots for the average price of USD 20 a ton. For economic

analysis, the study assumed cassava production with an average yield of 12.06

ton/ha (ACI 2005). Thus, the gross benefit of one-hectare cassava farm is constant

over the year and represents USD 254 per year.

Costs of Cassava Production The costs are divided into (1) hiring tractor or

bullock for land preparation; (2) labor costs covering land preparation, seeding,
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weeding, and harvesting; (3) input components including purchase of seed; and

(4) transport costs. The costs are considered constant over time and represent USD

98 per ha per year.

Benefits of Soybean Production The benefits of the soybean production are gener-

ated from selling soybeans for the average price of USD 327 a ton. The study

assumes wet season soybean production with an average yield of 1.217 ton/ha (ACI

2005). Thus, the gross benefit of a 1-ha soybean farm is considered constant over

the year and represents USD 397 per year.

Costs of Soybean Production The costs are divided into (1) labor costs covering

plowing, seeding, weeding, harvesting, and graining; (2) input components includ-

ing purchase of seed; and (3) transport costs. The costs are considered to be constant

over time and represent USD 311 per ha per year.

Benefits of Maize Production The benefits of the maize production are generated

from selling maize at the average price of USD 141 a ton. The study assumed maize

production with an average yield of 2.71 ton/ha (ACI 2005). Thus, the gross benefit

of 1-ha maize farm is considered constant over a year and representing USD

381 per year.

Costs of Maize Production Those costs are divided into (1) labor costs covering

plowing, seeding, weeding, and harvesting; (2) input components including pur-

chase of seed; and (3) transport costs. The costs are considered to be constant over

time and represent USD 316 per ha per year.

Benefits of Cashew Production Cashew produces a crop only in 3rd year after the

planting. The benefit accruing from cashew production is generated from selling of

raw cashew nut with the price of USD 730 a ton. Cashew nut production varies from

300 kg per ha in 3rd to 5th year to the peak of 1,500 kg per ha from 11th to 15th

year, falling to 1,100 kg per ha in 17th to 25th year and from 6th to 10th year.

Costs of Cashew Production The study divided the cost items for cashews into four

major components, shown in Table 7.5. Land preparation includes the costs to

cover, planting materials, land clearing, digging planting holes, and planting. These

costs accrue only in year 1 of starting the cassava production. Fertilizers include the

cost to cover the purchase of chemical fertilizer (NPK) and manure. This cost

accrues every year. Operation and maintenance costs include the costs of fertilizer

application and management and infrastructure. These costs accrue every year.

Harvesting covers the costs to hire labor during harvesting. It accrues only in the

fourth year after plantation. The total costs differ from 1 year to another.

Alternative Land Use: Smallholder Rubber Plantation

The study assumed that benefits accrue only in the sixth year after planting the

rubber trees. The present value of net economic benefits was calculated for a period

of 25 years and a 10 % discount rate. No attempt was made to estimate the
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economic value of the change in people’s livelihood, environmental damages,

carbon sequestration, and the opportunity of a clean development mechanism

(CDM) component of the project.

Benefits of Smallholder Rubber Plantation

The benefits accruing in the smallholder rubber plantation scheme (see Table 7.6)

are generated from selling (1) coagulum latex with the price of USD 0.63 per kg

where coagulum latex production varies from 1,400 kg per ha in 6th year to the peak

of 3,600 kg per ha in 25th year; (2) old rubber trees estimated at USD 3,300 per ha;

and (3) intercropping of soybean and mung bean (twice a year) of USD 250 per ha

per year. This last benefit accrues only in the first 3 years of planting the rubber

trees.

Costs of Smallholder Rubber Plantation

For the smallholder rubber plantation, the required investment to transform coag-

ulum latex into dried rubber is high. Thus, the farmer prefers to sell the coagulum

latex to an intermediary at the farm gate. Table 7.7 shows detailed costs incurred in

smallholder rubber plantations. The costs are divided into labor and other input

components. Labor for planting includes land preparation, sticking, digging hole,

and gardening. Labor for maintenance includes weeding, fertilizer application,

plant replacement, suckering, and treatments. The input components include pur-

chase of rubber tree, fertilizer, chemical products, and harvesting materials.

Results of Cost-Benefit Analysis

NPVs of Land-Use Options

The study assessed (1) the incremental net benefit of converting from forest

conservation to large-scale rubber plantations and (2) the incremental net benefit

of converting the four crop production schemes to smallholder rubber plantations.

Incremental net benefits comprise the difference between the net benefits of rubber

plantation schemes (large-scale or smallholder) and the net benefits accruing for

conserved forestland or the four crop production schemes.

The present values of net benefits or net costs were estimated over a 25-year

period with a discount rate of 10 %. The results are shown in Table 7.8 in which the

various options are ranked according to their incremental NPVs. The higher the

incremental net benefits, the more economically desirable is the conversion to

rubber plantation (either large-scale or smallholder)
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Table 7.8 shows that all crop conversion options yield positive values of

incremental net benefits, ranging from USD 934 to 7,076 per ha over a 25-year

period with a 10 % discount rate. The benefit cost ratios (BCRs) range from 1.3 for

Option 1 (conversion from forest to large-scale rubber plantation) to the highest

BCR of 72 for Option 3 (conversion from soybean production to smallholder rubber

plantation).

Option 4 (conversion from maize production to smallholder rubber plantation) is

the most preferred on economic efficiency grounds and ranks first compared

relative to other crop conversion schemes. The incremental net benefit of Option

4 has a positive value of USD 7,076 per ha of farmland with a BCR of nearly 48.

Option 3 (conversion from soybean to smallholder rubber plantation) is the

second most preferred on economic efficiency grounds. It ranks second closely

behind Option 4 (maize to rubber) with a high BCR of 72.

Option 2 (conversion from cassava to smallholder rubber plantation) is the third

most preferred on economic efficiency grounds. It ranks third closely behind Option

3 (soybean to rubber). The BCR of Option 2 is quite low at 4.4.

Option 5 (conversion from cashew to smallholder rubber plantation) is the fourth

most preferred on economic efficiency grounds. It ranks fourth closely behind

Option 2 (cassava to rubber). The BCR of Option 5 is 43.7.

Option 1 (conversion from forest to large-scale rubber plantation) is the least

preferred on economic efficiency grounds. It ranks last, far behind other crop

conversion schemes. The BCR of Option 1 is very low at 1.3.

The results of the cost-benefit analysis show clearly that the conversion from

crop production (cassava, soybean, maize, and cashew) to smallholder rubber

plantations provides large benefits to farmers involved in those conversion

Table 7.8 Present value (PV) of incremental net benefits (USD per ha)

PV of net

benefit

PV of incremental net

benefit BCR IRR

Base case 1 – forest conservation 14,757 – 0 0 %

Base case 2 – cassava production 1,416 – 0 0 %

Base case 3 – soybean production 785 – 0 0 %

Base case 4 – maize production 584 – 0 0 %

Base case 5 – cashew production 2,270 – 0 0 %

NPV of smallholder rubber plantation

Option 4 – maize to rubber

(smallholder)

7,661 7,076 47.9 38 %

Option 3 – soybean to rubber

(smallholder)

7,661 6,875 72.0 36 %

Option 2 – cassava to rubber

(smallholder)

7,661 6,244 4.4 32 %

Option 5 – cashew to rubber

(smallholder)

7,661 5,390 43.7 N/A

Option 1 – forest to rubber (large

scale)

15,690 934 1.3 11 %
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schemes. This suggests a need for technical assistance relating to rubber plantations

and an extensive follow-up program from a competent authority. This conclusion is

consistent with the finding of the AFD project on the establishment of smallholder

rubber plantation in six districts of Kampong Cham Province.

Sensitivity Analysis

A sensitivity analysis was conducted to investigate the effects on the present values

of incremental net benefits of varying key assumptions relating to the discount rate

and project lifetime. The analysis provides a measure of the degree to which these

variables can deviate from their estimated values before the preferred options cease

to be economically desirable. Different scenarios were tested.

Scenario 1: Change the Discount Rate from 10 % to 15 %

For all crops and forest conversion options, the discount rate was increased from

10 % in the Initial Scenario to 15 % in Scenario 1. The project duration was set at

25 years. Table 7.9 shows that there was no change in the ranking of all crops and

forest conversion options. Option 1 would actually result in a negative incremental

net benefit of 1,984.

Scenario 2: Reduce Project Lifetime to 15 Years

The effects of reducing the life of the project from 25 to 15 years are shown in

Table 7.10. This table shows that again there is no change in the ranking of all crops

and forest conversion options. With a reduced lifetime for the project, the conver-

sion from forest to large-scale plantation becomes uneconomical.

Conclusions and Policy Recommendations

The results of the cost-benefit analysis and the sensitivity analyses show that despite

variations in the basic assumptions relating to the discount rate, project duration,

production costs, and value of crops, the ranking of all crops and forest conversion

schemes remains unchanged. It clearly reveals that smallholder rubber plantations

represent the economically most desirable land use.

The conversion from forestland to large-scale rubber plantation is a sensitive

issue. Most of the benefits accruing from forest conservation relate to biodiversity

values and environmental services. Some previous reports, especially those

financed by environmental organizations, put the forest value and preservation of
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people’s livelihoods at the highest level. By contrast, private companies and the

government often assert that the conversion of forestland to large-scale rubber

plantations would be an ideal means of achieving poverty alleviation targets.

Table 7.9 Scenario 1: PV of incremental net benefits

PV of net

benefit

PV of incremental net

benefit BCR IRR

Base case 1 – forest conservation 10,191 – 0 0 %

Base case 2 – cassava production 1,009 – 0 0 %

Base case 3 – soybean production 559 – 0 0 %

Base case 4 – maize production 416 – 0 0 %

Base case 5 – cashew production 1,016 – 0 0 %

NPV of smallholder rubber plantation

Option 4 – maize to rubber

(smallholder)

3,944 3,528 5,821 38 %

Option 3 – soybean to rubber

(smallholder)

3,944 3,384 96.4 36 %

Option 2 – cassava to rubber

(smallholder)

3,944 2,935 3.1 32 %

Option 5 – cashew to rubber

(smallholder)

3,944 2,928 51.1 N/A

Option 1 – forest to rubber (large

scale)

8,207 �1,984 0.1 11 %

Notes: The values in the PV column are in USD per ha. N/A: not applicable

Table 7.10 Scenario 2: PV of incremental net benefits

PV of net

benefit

PV of incremental net

benefit BCR IRR

Base case 1 – forest conservation 11,938 – 0 0 %

Base case 2 – cassava production 1,187 – 0 0 %

Base case 3 – soybean production 658 – 0 0 %

Base case 4 – maize production 489 – 0 0 %

Base case 5 – cashew production 1,506 – 0 0 %

NPV of smallholder rubber plantation

Option 4 – maize to rubber

(smallholder)

5,189 4,700 144.0 38 %

Option 3 – soybean to rubber

(smallholder)

5,189 4,531 451.3 36 %

Option 2 – cassava to rubber

(smallholder)

5,189 4,003 3.5 31 %

Option 5 – cashew to rubber

(smallholder)

5,189 3,683 63.2 N/A

Option 1 – forest to rubber (large

scale)

9,953 �1,985 0.3 6 %

Notes: The values in the NPV column are in USD per ha. N/A: not applicable
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Those benefits would include job creation and other economic benefit from con-

version schemes.

Over the past few years, the government has awarded large areas of forestland to

private companies under the economic land concession scheme. Some of those

companies intend to undertake large-scale cassava production. Extrapolating the

results of this study, the conversion from forestland to large-scale cassava produc-

tion would not be economically viable in the long term.

There is a significant ongoing debate in Cambodia over forest conversion into

agricultural industry practice under the economic land concession scheme. This

study reconfirms previous studies, finding that the social component has been

ignored and the local population generally becomes worse off after the forest

conversion scheme. The study recommends that the social component of forest

conversion schemes should be considered a high priority. In order that the eco-

nomic land concession would yield benefits to the local population, the study

suggests that civil society and NGOs should be involved in the land compensation

procedure. Follow-up programs and technical assistance should be provided to the

affected population.

The results of the study indicate that there are significant potential net benefits

from large-scale rubber plantations (with a PV of net benefits of USD 15,690 per ha

over a 25-year period with a 10 % discount rate) compared to the highest net benefit

from other crop production (PVs of USD 2,270 per ha for cashew and USD 1,416

per ha for cassava). Large-scale rubber plantations also generate higher net benefits

than conserved forests in economic terms. The PV of forest conservation was

estimated at USD 14,757 per ha.

However, the PV of incremental net benefits for the conversion from forestlands

to large-scale rubber plantation represents the least economically desirable option,

with a PV of only USD 934 per ha for the project duration of 25 years, assuming a

10 % discount rate. This is lower than even the worst performing crop conversion,

for which the minimum PV of incremental net benefit is USD 5,390 per ha. Indeed,

if the discount rate is changed from 10 % to just 12 %, the conversion from

forestland to large-scale plantations will not be economically desirable, as the PV

of incremental net benefits becomes negative.

Smallholder rubber plantations should be encouraged and promoted in an effort

to reduce poverty rates in red soil provinces of Cambodia. Although the develop-

ment of smallholder rubber plantation requires huge investment in both financial

and technical resources, especially for the first 6 years of its establishment, some

mechanisms could help farmers to overcome those difficulties.

This study proposes that the government and project developers should adopt

various mechanisms to help farmers overcome any difficulties. An appropriate

mechanism has been implemented by the AFD project in Kampong Cham Province,

representing a successful pilot project, and this model should be extended to other

red soil provinces in Cambodia.

The study also demonstrates that cost-benefit analysis could be used as a

decision support tool by the Department of Environmental Impact Assessment of

the Ministry of Environment to evaluate the economic return of investment projects
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that involve forestland conversion schemes. Those projects are obliged to produce a

report on environmental impact assessment of the relevant investments and submit

it to the Ministry of Environment for approval.
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Chapter 8

Environmental Consequences of and
Pollution Control Options for Pond “Tra”
Fish Production in Thotnot District, Can Tho
City, Vietnam

Thi Lang Vo, Quang Vinh Ky, and Thi Thanh Truc Ngo

Abstract This study examines the environmental consequences arising from pond

“tra” fish breeding in the Mekong Delta. It explores technically and economically

feasible wastewater treatment options for bringing water pollution down to an

acceptable level in accordance with Vietnam’s environmental standards. Results

show that the farmers’ practice of exchanging water between fishponds and outside
water bodies is one of the main causes of surface water pollution in tra fish-breeding

areas. Water sample analysis indicated that the COD concentration in tra pond

water was 34 mg/l, exceeding the limit of<10 mg/l according to Vietnam’s surface
water quality standards (TCVN 5942-1995, class A). The pollution load rate in

terms of COD per kilogram of fish produced was 0.098.

To cope with the pollution situation more effectively, some technical pollution

control options are proposed, of which the trickling filter technology was found to

be the most cost-effective. Some policy recommendations to address the environ-

mental pollution caused by pond tra fish production in the Mekong Delta are also

given.

Keywords Mekong Delta • Pollution control • Fish production • Cost-

effectiveness analysis • Water quality
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Introduction

Background

Aquaculture production is a thriving industry in the Mekong Delta (MD) of Viet-

nam. The industry has grown rapidly in the last two decades. Tra fish (Pangasius
hypophthalmus) and basa fish (Pangasius bocourti sauvage) are two popular catfish
species bred in the MD. They can be cultured in floating cages or ponds. With

ponds, farmers can breed the fish all year round, whereas with cages/pens, they can

only do so for 6–7 months in a year. Thus, pond fish-breeding areas have

mushroomed in the delta.

Fish producers discharge waste into local water sources, and this adversely

impacts local communities that rely on river water as their main domestic water

source. In addition, polluted water discharged from fishponds can cause disease in

fish. Due to the tides, a great amount of wastewater remains on site, subsumed in

nearby water channels, lacking time to go far and so, ends up being eventually

pumped back into fishponds—this creates disease in the fish and increases antibiotic

costs in breeding them. Furthermore, poor water quality can change the color of tra

fish meat from white to yellow, and this may cause the produce to fall below quality

standards for domestic consumption and export. The deterioration of surface water

conditions associated with catfish farming can be the result of many factors.

Increased fish-farming areas, intensive farming with high densities of fish, exces-

sive use of feed, overuse of antibiotics and other chemicals, and lack of wastewater

treatment systems are among them.

The 2003 Can Tho Statistical Yearbook reports more than 600,000 ha of surface

water in the MD being used for aquaculture. At a depth of 1 m, the water volume for

such acreage is around six billion cubic meters. If fish breeders substitute one-fourth

of this volume of (pond) water per day using water from canals or rivers, one and a

half billion cubic meters of wastewater per day or more than 540 billion cubic

meters per year will be dumped into water bodies. As the COD concentration in

wastewater from tra and basa ponds is around 118 mg/l (Ky 2004), then the annual

flow of the Mekong River (500 billion cubic meters/year) cannot dilute it enough to

meet the COD concentration limits in surface water (less than 10 mg/l for Class A)

in accordance with TCVN 5942-1995. Given the situation, fish producers as well as

the government need to take stronger action to reduce the adverse impacts of tra fish

farming on the environment.

Aims of the Study

The general objective of this study was to provide an economic assessment of the

environmental consequences of and pollution control options for pond tra fish
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production in the MD. The study considered only the options for commercial farms

selling to export companies.

The specific objectives were:

• To identify the environmental problems associated with the dumping of waste

from pond tra fish production

• To identify cost-effective technological solutions

• To recommend policy options to address the water pollution problems caused by

pond tra fish production

Methodology

Study Site Selection and Description of Study Area

Tra fish production is found in many provinces in the MD like An Giang, Dong

Thap, Can Tho, and Vinh Long, but Thotnot District of Can Tho City is the biggest

producer; hence, it was chosen as the study area. Thotnot had the biggest area under

tra fish farming—318 ha of tra and basa fish out of a total of 671 ha under tra fish

farming in the whole city (Can Tho City Statistical Yearbook 2004). Thotnot is also

located near the Can Tho City Environmental Monitoring Station making waste-

water sample analysis easier. Thotnot District has eight communes, of which two

raise the most tra fish, namely, Thoi Thuan and Tan Loc. These two were among

those selected for a household survey, focus group discussions, and water sampling.

Thotnot District lies along the Hau River. It has one town and seven communes.

Its natural land area is 17,110.08 ha, with a population of 192,327 inhabitants and a

population density of 1,124 persons/km2 (Can Tho Statistical Yearbook 2004).

Aquaculture areas in the past years have shown an upward trend, increasing from

209 ha in 2000 to 393 ha in 2004 and 484.4 ha in 2005, with the pond tra fish as the

main species bred for export. The industry has flourished dramatically in the past

3 years since export demand rose in 2003. Tra fish is raised in all Thotnot

communes that are situated along canals and the Hau River, but the largest

production areas are in the Thoi Thuan (154 ha) and Tan Loc communes (136 ha).

Data Collection

Secondary data relating to tra fish production and its environmental consequences

was collected from the Cantho Service of Agriculture and Rural Development,

Can Tho University, and local management agencies.

To get general information on the opinions and perceptions of local communities

about tra fish farming and its environmental consequences, three focus group

discussions were held with three groups of people in Thoi Thuan Commune. The
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first FGD consisted of 13 local leaders and heads of local organizations such as

women’s unions and farmer associations. The second FGD comprised seven tra fish

breeders, while the third consisted of five farmers who did not raise tra fish and

lived along canals from which fish breeders took water to flush their ponds.

Households living along the Hau River and canals (of different levels) were

randomly chosen for interview. The total number of surveyed fish farmers was

131 (31 from Tan Loc Commune, 90 from Thoi Thuan, and 10 from the two nearby

communes). The data collected from the household survey comprised socioeco-

nomic characteristics of the fish farmers, tra fish-breeding practices, production

costs, the advantages and disadvantages of fish breeding, pond wastewater treat-

ment practices, and the farmers’ awareness of the environmental impacts of their

activities and their responses to possible state regulations.

Water sampling was conducted once a week from five selected fish-farming

households. A total of 178 water samples were collected from the households, and

eight water samples were taken from the Hau River as control samples. Water

quality analysis was done for five parameters: pH, SS, DO, COD, and NH3-N. The

water sample collectors were from the Environmental Monitoring Station of

Can Tho City, and the samples were analyzed at the station’s laboratory. The pH

was analyzed with analytical equipment pH 540-GLP, SS with LF197, DO with

YSI-5000, COD with DR 4000, and NH3-N with DR 4000.

The inlet and outlet water quality analysis results were used to estimate the

pollution loads and pollution load rates as well as compared with TCVN 5942-1995

(surface water quality standards). With the water quality analysis results, technical

experts designed three technologies capable of treating the organic pollutants, and

then economic calculations were made.

Cost-Effectiveness Analysis (CEA)

The CEA was done for proposed technical options to treat the COD effluents

generated by pond tra fish production. The CEA is an analytical tool used by

economists to evaluate environmental decisions (Field and Olewiler 2005). When

there are several ways to attain a certain objective, CEA gives the costs of the

various alternatives. The most cost-effective option is the one that achieves the

given objective at the lowest cost among all possible options. Although a full cost-

benefit analysis (CBA) is a superior tool, due to data limitations, especially diffi-

culties in measuring the benefits (avoided health impacts), a CEA was used for this

study.

To identify cost-effective technological options to reduce the water pollution

caused by tra fish farming, the abatement cost per unit of pollutant of each control

option was estimated and compared. Two measures were used: the abatement cost

per kilogram of COD and the COD abatement cost per kilogram of fish growth.

The procedures involved in the calculations are listed below.

160 T.L. Vo et al.



Calculating the Abatement Cost per Kilogram of COD

• Determining the appropriate wastewater treatment technology

• Determining the lifespan of the structure (years) (depending on type of materials

used)

• Determining the total capacity of the structure (L) [¼ lifespan (years) abatement

capacity per year (kg of COD abated/year)]

• Determining the investment cost of the structure (C1)

• Determining the discounted flow of annual operation and maintenance (O&M)

costs for the structure’s lifespan (C2)

• Calculating the abatement cost per kg of COD using the following equation:

C ¼ C1 þ C2ð Þ=L

Calculating the COD abatement cost per kilogram of fish growth:

COD abatement cost per kg of fish growth¼C* PLR

Technical Options to Reduce COD Loads

Fish Farmers’ Pollution Abatement Practices

To reduce the pollution in tra fishpond water, fish farmers in Thotnot District

usually replace pond water with river water to dilute the pollutant concentrations

in fishponds. During the tra fish production process, uneaten feed, especially home-

processed feed, and excrement pollute the pond water, which can cause disease in

the fish. All the respondents reported that to cope with this problem, they regularly

flushed the fishponds with water from external sources such as rivers and canals, as

advised by technical agencies. This measure helped improve the quality of the pond

water but caused problems for the external water bodies. Some fish farmers also use

lagoons to reduce water pollution (10 %). However, in Thotnot District, this method

is not common because of insufficient land.

Fish farmers used a variety of chemicals to deal with pond water quality

problems and fish disease. In addition, they often used the method of changing

pond water with outside water to reduce water pollution in the ponds as well as to

prevent disease. According to the survey results, common tra fish diseases affected

fish organs like the liver (77 %), kidney (70 %), gill (41 %), skin (63 %), head

(25 %), and swim bladder and intestines (3 %). The farmers interviewed said that

these diseases occurred due to weather changes (49 %), polluted water sources

(72 %), parasites and bacteria in water (17 %), and home-processed feed (5 %).

When farmers saw their fish get sick, they usually took the fish to the local

aquaculture station or a veterinary clinic for them to be diagnosed and then bought

drugs for treatment. These medicines were either mixed with feed or water, and the
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mixture was then dumped into the ponds. In addition, the farmers also resorted to

exchanging greater quantities of pond water with outside water to dilute the

concentration of organic pollutants.

Pond sediment removal is a common practice in tra fish production. Almost all

of the farmers (96.9 %) said that they had their ponds dredged several times, once

after harvesting the fish and preparing the ponds for the new stock, and two to three

times during the culturing process. The dredged sediment was dumped in several

places like dikes, orchards, containment ponds, or water channels. Besides creating

water pollution, dumping was contributing to the reduction of canal depth, which

threatened the navigation of vessels and the transportation of goods in the area and

created/increased canal dredging costs. To deal with this problem, the district and

commune authorities passed a regulation to ban the dumping of pond sediment into

water channels. However, only 24.4 % of the respondents said that they were aware

of the regulation.

Proposed Pollution Abatement Technologies

For this study, three technical control options were evaluated: the aeration system,

the trickling filter, and the constructed wetlands. The aeration system is being

applied in aqua-product processing plants (Meko and Binh An in Can Tho Indus-

trial Zone), while the trickling filter system is installed at the Ha Tien II Cement

Factory in Can Tho City to treat domestic wastewater from workers’ activities and
kitchens. Constructed wetlands have so far not yet been applied in Can Tho City, but

this system is going to be installed to treat wastewater from the students’ dormitory at

Can Tho University. The three options are explained and illustrated below.

Aeration System

In this system (see Fig. 8.1), wastewater from fishponds will be pumped into a

temporary tank (1). Then, the water will be pumped into an aeration tank (2). After

a specific time for aeration, the water will flow into a sediment tank (3), then to a

sterilizing tank (4), and finally return to the fishponds or flow out to local surface

water bodies. After 3–6 months of operation, there will be some sludge settling at

the bottom of the biofilter tower. This sludge must be pumped to the sludge-storing

tank (5) for other uses.

Trickling Filter System

With this system (see Fig. 8.2), wastewater from the fishponds will be pumped into

a temporary tank (1). Then, the water will be pumped to the top of the biofilter

tower and sprayed for leaching through the filter material to the sediment tank at the
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bottom (2). After a few selected cycles of the biofiltering process, the water will

flow into a sterilizing tank (3) and then return to the fishponds or flow out to local

surface water bodies. After 3–6 months of operation, there will be some sludge

settling at the bottom of the biofilter tower. This sludge should be pumped into the

sludge-storing tank (4) for other uses.

(4)

(2)
(5)

Fishpond

(1)

(3)

Key
: Wastewater flowing route

(1) : Temporary tank 
(2) : Aeration tank
(3) : Sediment tank
(4) : Sterilizing tank
(5) : Sludge-storing tank

Fig. 8.1 Aeration system

Key
: Wastewater flowing route

(1) : Temporary tank
(2) : Bio-filter tower & sediment tank
(3) : Sterilizing tank
(4) : Sludge-storing tank (2)

(3)

(4)

Fishpond
(1)

Fig. 8.2 Trickling filter system
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Wetland System

With a wetland system (see Fig. 8.3), wastewater from the fishponds will be

pumped into a temporary tank (1). Then, the water will be pumped to eject about

50 cm over the top of the wetland biofilter tank (2) to fall and leach through the filter

material. It will then flow to the temporary tank (1) again through a collecting pipe

system at the bottom of the biofilter tank. After a few selected cycles of the

biofiltering process, the water will be poured into a sterilizing tank (3) and then

return to the fishponds or flow out to local surface water bodies. The workers must

check the system every day for any operational problems. After 3–6 months of

operations, there will be some sludge settling at the top of the wetland biofilter tank.

The filter must be cleaned and the sludge transferred to the sludge-storing tank

(4) for other uses.

Scientific Results

Pollution Load Calculations for Tra Fish Production
in Thotnot District

The calculation of pollution load was based on the COD parameter or the amount of

oxygen needed to oxidize the entire organic matter in a fishpond (in this case). The

more COD there is in the water, the more the amount of organic matter in it, that is,

the water is more polluted.

Due to time constraints, the water analysis stage barely covered 5 months from

September 2006 to January 2007. In addition, it was hard to control the private fish

raisers’ culturing schedules so the research team chose the ponds which had fish in

the development stage, which was the fastest growing stage in the tra fish

Key
: Wastewater flowing route

(1) :  Temporary tank
(2) :  Wetland bio-filter tank
(3) :  Sterilizing tank
(4) :  Sludge-storing tank

(2) (3)

Fishpond (1)

(4)

Fig. 8.3 Wetland system
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development cycle. This is the stage during which fish have a weight of 10–800 g

each. Stages where the weight is less than 10 g or above 800 g are considered as

very slow growth rate stages.

River Water Quality (Hau River)

There were eight water samples taken from the middle of the Hau River at different

times during the study period. Table 8.1 shows the results of the Hau River water

analysis.

• pH values varied from 6.38 to 7.91, most of which were within Vietnamese

environmental standards (TCVN 5942-1995). Specifically, the 18/11/2006 water

sample pH had the lowest value of 6.38, violating the TCVN standard of 6.5, but

the violation level was not high and was still within normal range compared to

previous Hau River water monitoring results.

• Suspended solids (SS) in the samples varied according to sampling times with

the highest value of 115 mg/l in October 2006, thereafter decreasing until the end

of January 2007 with the lowest value of 22 mg/l. Hence, at the beginning of the

study stage, the amount of SS was high due to the flood season with abundant

silt, and at the end of the study period, the amount of SS was low because of the

start of the dry season in the MD.

• Dissolved oxygen (DO) amount in the water varied from 2.9 to 5.2, usually

hovering between 3.1 and 3.6 mg/l. The DO values of the Hau River water were

lower than that of TCVN 5942-1995, class A (>6 mg/l), showing that the water

was being polluted by organic matter. Low DO levels affect aquatic life.

Table 8.1 Hau River water quality (Tan Loc Islet September 2006 to January 2007)

Date

Tested parameters

pH SS DO COD NH3-N

TCVN 5942-1995

6–8.5 �20 mg/l �6 mg/l <10 mg/l �0.05 mg/lClass A

01/09/2006 7.91 76 5.2 4.0 0.050

23/09/2006 7.16 51 3.6 14.0 0.060

14/10/2006 7.09 115 5.2 11.0 0.100

28/10/2006 7.19 112 3.2 6.0 0.120

18/11/2006 6.38 58 2.9 9.0 0.247

16/12/2006 6.65 87 3.1 12.0 0.147

13/01/2007 7.16 61 3.2 10.0 0.098

27/01/2007 6.85 22 3.3 5.1 0.163

Water sample analysis results from the Can Tho Environmental Monitoring Station
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• Organic content, represented by the COD parameter, varied from 4 to 14. The

COD values were greater than the allowed rate of TCVN 5942-1995, class A

(<10 mg/l) four times.

• The NH3-N content in the samples often exceeded the TCVN 5942-1995, class A

standard of 0.05 mg/l. It showed a tendency to increase significantly at the end of

2006 and at the end of the study period. In September 2006, the NH3-N content

in the water was 0.05 mg/l, equal to the allowed level. In November 2006, NH3-

N had the highest concentration of 0.247 mg/l, exceeding the permissible limit

by nearly five times.

In summary, the Hau River water had better quality at the beginning of the study

period than at the end. It can be concluded that the Hau River water was polluted

due to organic matter, more so in the late months of 2006.

Water Quality in Thotnot District

The inlet and outlet water quality analysis results were compared to the specifica-

tions in TCVN 6774:2000 on Freshwater Quality Guidelines for the Protection of

Aquatic Life (pH of 6.5–8.5, DO of 5 mg/l, and SS of �100 mg/l) and 28 TCN

176:2002 on aquaculture standards (COD of <10 mg/l and NH3-N of <1 mg/l). In

general, pH values of inlet and outlet water at the five fishponds were still within

TCVN 6774:2000. The pH values of the outlet water tended to be lower than those

of the inlet water. SS measured at the five ponds varied from 28 to 303 mg/l, while

the allowed level in TCVN 6774:2000 is equal to or less than 100 mg/l.

• The DO values in inlet and outlet water were much lower than the allowed

standard in TCVN 6774:2000 (5 mg/l). DO amounts in the outlet water were far

less than those in the inlet water, varying from 0.8 to 6.8 but generally less than

4.1. Perhaps too high stocking rates (33–120 fingerlings/m2) coupled with

uneaten feed and fish feces contributed to this. Due to high population densities

and lack of oxygen, fish loss rates were also high at 19–50 % of initial stocking

rates.

• As for COD values, the water sample analysis results showed that the COD

content in the outlet water was much higher than that in the inlet water and often

exceeded the allowed COD standard (<10 mg/l). The difference in COD con-

tents between inlet and outlet water samples is the COD amount generated from

tra fish production, which is subsequently released in the wastewater into the

outside water environment.

• NH3-N in tra fish culture tended to increase with tra fish farming over time. The

NH3-N content in the inlet water was within the permitted range, but in the outlet

water, it was often beyond 1 mg/l.
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Pollution Load Rate (PLR) Results

The PLR is used in the calculation of COD abatement costs per kilogram of fish.

Table 8.2 shows the summary of the water sample analysis and PLR results for the

five households.

The average PLR for the five fish-breeding households was estimated at 0.098 kg

COD/kg of fish growth, that is, one kilogram of fish yielded 98 g of COD. On the

other hand, the average COD amount in tra pond wastewater effluents that needed

treating was 0.034 kg/m3 or 34 mg/l. This was the additional COD quantity

generated from breeding tra fish beyond the COD amount available in the input

water. This concentration is small compared to that of other industrial activities like

processing aquaculture products where the COD amount may reach over 1,000 mg/l

of wastewater. However, in tra fish production, the wastewater volume dumped into

the environment is huge, and so it has caused significant pollution to the local water

resources. If this situation continues unchecked, tra fish production could become

unsustainable in the near future.

Economic Results

Results of Cost-Effectiveness Analysis (CEA)

The assumptions for the CEA analysis were as follows:

• Pond water surface area: 5,000 m2 (average pond area in Thotnot District)

• Pond volume: 20,000 m3 (pond water depth of 4 m)

• Daily discharged wastewater: 6,000 m3 (average discharge rate of 30 %)

• COD concentration (needing treatment) per cubic meter of wastewater:

0.034 kg/m3

• Daily COD load (needing treatment): about 200 kg (¼6,000 m3 * 0.034 kg/m3)

Table 8.2 Summary of the wastewater analysis results for the five fish-farming households

Households

Fish

growth

(kg)

Pond

volume

(m3)

Wastewater volume

exchanged (m3)

COD

load

(kg)

PLR (kg COD/kg

of fish growth)

1 416,500 32,000 925,290 45,126 0.108

2 56,000 4,800 66,000 4,625 0.083

3 40,800 4,000 60,125 3,933 0.096

4 157,000 25,000 452,500 13,601 0.087

5 173,600 36,000 954,000 15,835 0.091

Total/

average

843,900 101,800 2,457,915 83,120 0.098

Source: Calculated by the technical expert
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• Pollution load rate (PLR): 0.098 kg of COD/kg of tra fish growth

• Lifespan of aeration and trickling filter systems: 30 years

• Lifespan of constructed wetland system: 10 years

Table 8.3 shows the estimated costs of the three wastewater treatment systems.

For a pond 5,000 m2 in size, the land area needed for the aeration system is 915 m2;

for the trickling filter system, 1,300 m2; and for the constructed wetland system,

1,300 m2. The investment cost of the aeration system is the highest, while that of the

constructed wetland is the lowest. The operating cost of the aeration system is also

the highest and that of the trickling filter system is the lowest. Of the three systems,

trickling filters have the least treatment costs per kilogram of COD abated and per

kilogram of fish growth. Therefore, the trickling filter system appears to be the most

cost-effective of all. These calculations were based on current input prices. If the

input prices increase, the COD abatement costs will be higher.

Table 8.3 Estimated costs of the three wastewater treatment systems for a pond 5,000 m2 in size

(unit: ’000 VND)

Costs

Aeration

system

Trickling filter

system

Constructed

wetland system

1. Investment costs 1,871,581 975,658 812,158

Construction area (m2) 915 1,300 1,300

Land 137,250 195,000 195,000

Materials (iron, cement, etc.) 972,281 242,125 191,169

Pumps:

Wastewater 69,943 69,943 69,943

Sludge 28,876 14,438 9,625

Aeration or filter matter 63,000 234,000 144,000

Electric and mechanical system 200,000 40,000 60,000

Labor for construction 400,231 180,152 142,421

2. Annual operating costs 151,728 89,040 138,000

Operating labor 36,000 36,000 72,000

Electric power 109,728 51,840 64,800

Maintenance cost 6,000 1,200 1,200

3. Present value (@ 10 %) Lifespan:

30 years

Lifespan:

30 years

Lifespan:

10 years

Investment cost 1,871,581 975,658 812,158

Total operating costs 1,430,327 839,372 847,950

Total present value 3,301,908 1,815,030 1,660,108

4. COD amount that needs treating (kg) 2,190,000 2,190,000 730,000

5. Treatment cost/kg of COD 1.508 0.829 2.274

6. PLR (kg COD/kg fish produced) 0.098 0.098 0.098

7. Treatment cost/kg of fish produced
(item 5*PLR)

0.148 0.081 0.223

Source: Calculated by the technical expert and authors

Note: 1 USD�VND 16,000
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Comparison of the Three Options: Other Criteria

Table 8.4 shows the comparison of some of the main characteristics of the three

options with common advantages as well as disadvantages. It appears that trickling

filters have the most preferred characteristics.

Responses of Farmers to Proposed Technical Options

Engagement Process

After the calculations were done, a seminar was organized in Thotnot District to

collect the farmers’ opinions of the proposed technologies as well as other infor-

mation. Twenty-two people attended the meeting, of which 14 were fish-breeding

farmers and the rest were local officials of related agencies. At the meeting, the

study results of the environmental consequences of tra fish production were

presented first, and then the proposed technical options with their associated costs

were described by the technical expert. After that, the study team asked the

participants to assess the technical and financial feasibility of the options. Local

officials were interested, but the fish farmers were reluctant to consider the prospect

of having to treat their wastewater with costly technologies.

Views of Farmers

The fish farmers’ views on the proposed options were as follows:

• The options depended heavily on the state’s electricity supply which could not

even meet national demands—this was a big constraint.

• The options were only suitable for concentrated fish culture planned zones, not

for separate fish-breeding households, due to the lack of extra land on which to

build the treatment structures. Moreover, if only some households applied these

systems while the others did not, the former would still face the problem of

unclean input water if they supplemented pond water with water from the local

canals which were already polluted not only by tra fish effluents but also by other

polluting sources.

• The state should invest in a pilot project involving these options for a few years

for farmers to see the results before they made any decisions.

• Due to the relatively big investments required, if these systems could be funded

by some organization or cooperative, then the fish farmers would be willing to

pay this organization for clean input water and treatment fees.
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Table 8.4 Comparison of some financial and technical characteristics of the three options

Characteristics Aeration system Trickling filter system

Constructed wetland

system

1. Investment

costs

High Low Lowest

2. Annual

operating

costs

High Low Medium

3. Electric

power

High Lowest Low

4. COD abate-

ment costs

Medium Low High

5. COD treat-

ment capacity

95–98 % 90 % 75–80 %

6. Lifetime 30 years 30 years 10 years

7. Advantages High treatment capacity Rather high treatment

capacity

Biological process

Automated, easy to

operate

Automated, easier to

operate

Automated, easiest to

operate

Effective in treating

high concentrations of

organic pollutants

Effective in treating

high concentrations of

organic pollutants

Reliable performance Simple, reliable

Biological process Biological process

Can reuse treated

wastewater

Can reuse treated

wastewater

Durable process

elements

Low power

requirements

8.

Disadvantages

High investment High investment High investment

Needs more land (18 %

of pond area), which is a

constraint in the study

area

Needs more land

(26 %), which is a

constraint in the area

High labor requirement to

run the system

Consumes a lot of elec-

tric power, relying on

state power supply,

which is big constraint

Consumes electric

power, relying on

state power supply,

which is big constraint

Needs more land (26 %),

which is a constraint in

the area

Needs technicians in

case the system goes out

of order

Needs technicians in

case the system goes

out of order

Only treats wastewater

with low pollutant con-

centrations and must go

through several rounds

High COD abatement

costs

Consumes electric power,

relying on state power

supply, which is big

constraint

Needs technicians in case

the system goes out of

order



• The profits from the tra fish industry were shared among many stakeholders such

as input suppliers, so why should the fish farmers be the only one to bear the

environmental costs?

• Tra fish prices often fluctuated, depending on export prices, that is, on interna-

tional tra fish demand. If fish prices go up, then so will input prices. However, if

fish prices go down, input prices may not follow suit, which may lead to financial

losses for the farmers. Since the farmers were struggling with increasing oper-

ating costs, they could not afford any significant investment in wastewater

treatment systems. Therefore, they were more inclined to resort to chemical

treatment since they thought that this was less costly.

Among the five surveyed fish-breeding households, one had installed an aeration

system in his pond to provide oxygen for his fish. He reported to the group that

although the COD amount and the number of dead fish in his pond had decreased,

so did the fish growth rates. Since he had spent a significant amount of money on

this treatment system, he could not consider any alternative treatment.

In response to the farmers’ opinions, the technical expert explained that applying
aerators directly in ponds reduced the COD content and increased oxygen, but it

also increased ammonia (NH3) which could reduce fish growth or kill fish if levels

rose too high. Therefore, aerators should be placed outside the pond. In regard to

chemical treatment, the technical expert revealed that his agency had tested some

chemicals to treat wastewater in fishponds, but the results showed that their

performance was not as good as the three options proposed (they only treated

about 70 % of the COD). Moreover, the prices of the chemicals were very high

since they were imported from the United States. His view was that treating pond

water with chemicals increased the chemical quantity in ponds while not strictly

solving the pollution problem. As for input water problems, he said that fish farmers

could reuse the treated water instead of releasing it into water channels or they

could use the systems to treat the input water. The technical expert added that while

treating wastewater would raise fish production costs, the farmers would save on

fuel expenditure for pond flushing at the same time.

In all, farmers realized the consequences of tra fish production on local water

quality, but due to land and financial constraints, they responded poorly to the

proposed technical options. As the above fish farmers were not eager to receive

these technologies due to their personal constraints, option ranking was necessary

to make a more objective judgment on the three technologies. Therefore, the same

fish farmers were invited to another meeting and asked to rank the options using the

preference ranking method. This method of ranking is not complex. People are

asked to choose between each pair of options in turn, using a two-way choice

matrix. The option that appears in the two-way choice matrix the most often is

given the highest rank. People were also asked to give reasons for their choices.

Table 8.5 lists the ranking results.

Table 8.5 shows that 36 % of the participants chose the aeration system as their

most preferred option, 50 % chose trickling filters, none chose wetlands, and 14 %
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refused to rank the options. Their reasons for choosing or not choosing an option are

given below.

Choosing the Aeration System

• High treatment capacity.

• Structure of high investment signifies high quality.

• The COD abatement cost is not significant compared to the fish unit

production cost.

Choosing the Trickling Filter System

• The COD abatement cost is the lowest.

• Effective treatment.

• Saves money in not having to aerate the wastewater.

Not Choosing the Constructed Wetland System

• Low treatment capacity.

• Needs a lot of labor to operate and clean the system, but labor price is high and

labor supply is short in the region.

• The COD abatement cost is the highest.

Refusing to Rank the Options (Not Trusting in Their Feasibility)

• Need to see the performance of the systems before making judgments on them.

• The structures required more land area for construction (18–26 %) than they

expected (10 %).

• Input water quality is important to fish health, but these options place more focus

on treating effluents, not adequately solving their input water concerns.

• Their ponds are located far from the Hau River, so water supply is not abundant,

and there is river water competition among fish producers in this area. Therefore,

Table 8.5 Results of

preference ranking of options
Most preferred option Number Percentage

1. Aeration system 5 36

2. Trickling filter system 7 50

3. Constructed wetland system 0 0

4. No ranking 2 14

Total 14 100

Source: synthesized from individual fish farmers’ matrices
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they do not think that tra fish farming in these areas will last long, due to the

increasingly polluted input water.

• Governments should strictly address other large polluting sources like alcohol

production, aqua-product processing activities, etc. first.

• Do not believe that the power demand will be met.

Conclusions and Recommendations

Tra fish production in Thotnot District in particular and the MD in general has

brought many benefits to fish-breeding farmers as well as to the nation, namely, by

improving the incomes of the farmers, providing nutritious food to the population,

and earning foreign income for the country through export. Fish producers in

Thotnot District earn profits of about VND 2–2.5 thousand/kg of fish.

However, tra fish culture has caused water pollution. The study uncovered the

following problems: (a) earth removal from fishpond digging and periodic dumping

of pond sediment into external water bodies have polluted these bodies and reduced

their depth, affecting water quality and navigation, and (b) wastewater from tra

fishponds has been released into rivers and canals without proper treatment. The

organic content in the wastewater was high. The average COD quantity released

from tra fish raising processes into outside water bodies was about 34 mg/l of

wastewater or 98 g/kg of fish produced, and (c) high stocking rates, coupled with

unhygienic homemade feed, polluted input water, abuse of antibiotics, etc., have

led to high fish losses due to lack of dissolved oxygen in the water.

To reduce the pollution in tra fishponds, fish breeders often exchange some of the

water with freshwater from outside sources as a means of diluting the pollutant

concentration in the ponds in order to prevent fish loss. This practice is of grave

concern to the local government as well as the people. It also contravenes Vietnam’s
Law on Environmental Protection 2005 which stipulates regulations for production/

business activities, aquaculture, etc., such as treating wastewater before discharging

it into the environment. If this situation is not arrested, the areas breeding tra fish

will soon lack clean water for the local people’s needs, and the tra fish-farming

industry will also suffer great losses due to polluted water.

Currently, some fish-farming households use additional ponds to hold the waste-

water for some time before releasing it into public water bodies, but these ponds are

small and the water retention time allocated by the farmers is too short, so this

measure is not effective. To treat effluents more effectively, the study team pro-

posed three possible technical options to reduce water pollution from tra fish

farming: (a) the aeration system, (b) the trickling filter system, and (c) the

constructed wetland system. Among these, trickling filters were the most cost-

effective option. The treatment cost per kilogram of COD estimated was VND

1.51 thousand (�USD 0.09) for the aeration system, VND 0.83 thousand

(�USD0.05) for the trickling filter system, and VND 2.27 thousand (�USD 0.14)

for constructed wetlands, much greater than the environmental protection fee of
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VND 0.3 thousand/kg of COD in wastewater presently imposed by the government

on industrial as well as domestic wastewater as specified in Decree 67/2003/NÐ-

-CP. Industrial wastewater refers to water discharged into the environment from

industrial production establishments and agricultural, forestry, and aqua-product

processing establishments.

The treatment costs per kilogram of fish produced were VND 0.148 thousand for

the aeration system, VND 0.081 thousand for trickling filters, and VND 0.223

thousand for constructed wetlands, equivalent to 7.5 %, 4 %, and 11 % of fish

production profits, respectively. All three options needed extra land (about 18–26 %

of pond water surface area), adequate power supply, and considerable investment,

which are all significant constraints to fish producers. To assess the social accept-

ability of the three options, two focus group discussions were organized. The first

provided general judgments, and the second ranked the options through the prefer-

ence ranking method. Fifty percent (50 %) chose the most cost-effective option

(trickling filters), 36 % chose aeration systems, no one chose constructed wetlands,

and 14 % refused to rank. All of them suggested that the state install these systems

as a pilot project on a certain plot to demonstrate their performance, and if they

proved to be good, then a collective organization should be set up to manage

wastewater treatment in the area, and the farmers would be willing to pay for

clean input water as well as tra fish wastewater treatment fees.

To continue economic development without sacrificing the natural environment,

national laws as well as other government action are needed to address the exter-

nalities of economic activities. From the above conclusions, we can see that the

dumping of great quantities of tra fish waste into public water channels by fish

farmers has considerably jeopardized the health of the fish being reared as well as

the domestic water supply of the local people. The Ministry of Fisheries has laid

down specific guidelines for pond construction and land requirements for the

storing of pond sediment and wastewater. However, in reality, fish farmers do not

abide by the latter and still discharge untreated wastewater into local waters. This

study proposed three wastewater treatment technologies to treat wastewater more

effectively than settling pools, but the COD treatment costs were rather high. Some

policy recommendations that would help in reducing water pollution caused by tra

fish production are given below.

Firstly, it is necessary to implement the establishment of tra fish planned zones in

Can Tho City. These zones have been planned but not yet established. They would

pave the way for concentrated wastewater treatment systems to be set up, which

will help reduce COD treatment costs.

Secondly, it is essential to set emission standards for tra fishpond wastewater

released into public water bodies. This will spur the application of efficient tech-

nologies to reduce organic matter concentration in the wastewater to acceptable

levels. Fish farmers will only think of waste treatment if standards are set by state

law and enforced by capable agencies. At present, environmental protection fees

apply only to the shrimp industry, not to the tra fish industry.

Thirdly, due to the high initial investment costs of the treatment technologies,

farmers are unwilling to implement them without support. Thus, local governments
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should set up an environmental fund to provide long-term loans with preferential

interest rates to fish farmers to enable them to build treatment systems. In addition,

governments should think of establishing state-financed pilot waste treatment

systems capable of treating input and output water to demonstrate the usefulness

of these systems to farmers.

Finally, the COD treatment costs estimated in this study are high compared to

the environmental fees specified by the state in Decree 67/2003/NÐ-CP—this will

not encourage individual farmers to apply technical options. Therefore, state

agencies should compare current environmental fees with the COD treatment

costs of different technologies and adjust them if they are too low.
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Chapter 9

Application of an Educated Trade-Off
Analysis Framework for the Ma Oya River
Basin Development Project, Sri Lanka

Bhadranie Thoradeniya

Abstract This study explores economic aspects of a proposed development project

by the National Water Supply and Drainage Board in Sri Lanka to mitigate water

shortages in the Ma Oya river basin. The project entails constructing a balancing

reservoir to store excess flows during the rainy season and releasing water from the

reservoir during dry weather periods. A stakeholder-based approach, using a

so-called Education Trade-Off or ETO framework, is adopted for the study. Two

scenarios are evaluated: first, a base case representing a continuation of the current

situation and, second, a scenario involving construction of the reservoir. Economic

values are estimated for water supplied to domestic and commercial consumers

according to tariffs applied, while environmental economic values are obtained in

terms of effects on recreation, tourism, industrial use, agriculture, and wastewater

discharges. Engaging stakeholders in the process allowed them to learn about the

technical and economic feasibility of the proposed project, as well as reducing

potential conflicts in resource use.

Keywords Sri Lanka • Reservoir • Costs and benefits • Environmental impacts,

economic value

Introduction

Background

Ma Oya is one of the most water-stressed rivers in the wet zone of Sri Lanka.

Excessive sand mining has threatened the river’s bathymetry as well as the down-

stream ecology. It is also beset with reduced water level, lower groundwater table in

the associated catchment, and diminished dry weather flows.
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Uncoordinated and uncontrolled use by multiple stakeholders was expected to

diminish more rapidly the river’s valuable resources within the next few decades.

Hence, to mitigate expected shortages in the water supply and sanitation sectors

because of increasing demands, the National Water Supply and Drainage Board

proposed a development project. This project consisted of a multipurpose balancing

reservoir at Yatimahana in the upper portion of the catchment and four low-flow

weirs. The reservoir would store excess river flows during rainy seasons and then

release the required flows, under control, during the dry weather periods.

Potential Impacts of Proposed Development

Implementation of the balancing reservoir could have adverse impacts on other

sectors using the water in the Ma Oya river valley. For example, because of

regulated water flows, the groundwater table of the river valley could remain low

for a longer period, leading to production losses in the agriculture sector. Because

of increased concentrations of pollutants in the river, water quality would deterio-

rate. Hence, the growth of industries, which require water as an input to production

or through which to discharge pollutants into the river, would be limited.

Limitations of Traditional Project Evaluation

The general practice adopted in development projects is to analyse the technical and

economic feasibility of a proposal. The social and environmental impacts are

usually analysed only in the project area and mainly focused on the people affected

by the project. A feasibility study for the proposed project was prepared by Sweco

Grøner (2004). In as much as the potential social and environmental impacts were

not adequately considered in the proposed Yatimahana project, conflicts in

decision-making among stakeholders and possible opposition to the project were

anticipated.

Stakeholders are usually unaware of the technical, economic, and environmental

dimensions of their resource use. Hence, faced with scarce resources, they often

decide on how to prioritise the uses of these resources emotionally rather than

rationally. This research addresses the need for a methodology to analyse and value

the conflicting resource uses by stakeholders in situations with scarce resources

when decision-making is highly sensitive.
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Research Objectives

The study aimed to develop, apply, and validate an Educated Trade-Off (ETO)

framework relating to the proposed project at Yatimahana in the Ma Oya river

basin, to enable stakeholders to make informed decisions about the project’s
development and other resource uses. It is based on an existing framework already

constructed by Thoradeniya (2009). The ETO framework can be used for resource

development projects or for resource management scenarios more generally. In

resource management, the framework can be expected to help in decision-making

regarding the priorities for resource use, while in resource development it is

expected to assist in deciding whether to accept or to reject a project. The more

specific objectives of this study were to:

• Identify the dominant stakeholders and impacts of the proposed development

project

• Value the major social and environmental impacts of the Ma Oya river basin

project to various stakeholders of the Ma Oya river and its valley

• Compare the net benefits of the current scenario and the proposed development

project

• Use this knowledge to educate different stakeholders for decision-making

• Validate the ETO framework as a tool for stakeholder education in decision-

making.

Methodology

Specification of Scenarios

Two scenarios were examined for the present study:

Base Case Scenario: Without Balancing Reservoir This scenario involves contin-

uation of the current situation. Impacts would be the result of the projected demand

for water from the water supply and sanitation sector together with the demands for

irrigation, industry, and other sectors. The baseline case is not static. Climate

change, population growth, development of the area, and other similar factors

would have impacts over time. Lack of data precluded detailed quantitative anal-

ysis, so the study investigated this scenario qualitatively.

Development Scenario: With Balancing Reservoir This scenario specifies the

proposed schedule of the balancing reservoir’s operation. The reservoir is intended
to store the buffer requirement of the water supply and sanitation sectors and thus

would operate during prolonged periods of low flows. Such low flows would result

in water deficiencies in other user sectors, in turn creating various social and

environmental costs.
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In the present study, to achieve consistency with the report prepared in 2004,

monetary values were represented in terms of the currency value in 2004. Benefits

and costs were estimated for a 20-year period.

Steps in Developing the ETO Framework

Development of the ETO framework for the purpose of evaluating the two scenar-

ios involved five steps, described below.

Step 1 – Identify the multiple stakeholders and the natural resource uses/issues that
need stakeholder participation for decision-making.

A stakeholder involvement process was designed and carried out to identify

multiple stakeholders and resource uses/issues and collect data for the baseline

situation. This process involved ‘consultation’ rather than ‘participation’. Key
players were lower-level administrative divisions known as Grama Niladhari Divi-

sions (GND).

The Divisional Secretariat of the National Water Supply and Drainage Board

was identified as the administrative unit that could initiate the field studies, namely,

rapid assessment of resource uses. Relevant data was collected from the Secretariat,

including identification of lower-level administrative divisions along both banks of

the river.

Step 2 – Bound the technical requirements of natural resource uses/issues.

In this step, engineering information knowledge was used to estimate the critical

bounds of the technical requirements for different resource uses. The minimum

volume to satisfy the requirements for irrigation, human consumption, and envi-

ronment defined the critical bound. For other river basin uses such as sand mining,

clay mining, and discharging pollutants, the critical bound was defined as the

maximum volume to ensure that the effects of such activities would not exceed

the assimilative capacity of the river basin.

Step 3 – Estimate the economic value of the critical bounds of the technical
requirements for natural resource uses/issues.

The starting point of the economic analysis of resource uses in the river basin

was a financial analysis of those resource uses, with estimates of the receipts

(benefits) and payments (costs) relevant to the investors or owners of the resource

or development project. For the development project, and for the purpose of this

study, the ‘economic’ values were defined in terms of the direct financial costs and

benefits accruing to different resource users in the river basin. More generally, the

term ‘economic’ refers to the efficiency of resource use for society as a whole

(Jenkins and Harberger 1992).
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Step 4 – Estimate the environmental value of the critical bounds of the technical
requirements for natural resource uses/issues.

Implementation of the new project or prioritisation of the natural resources to

different uses was anticipated to cause an imbalance in the existing system and

result in social and environmental impacts on other users. Valuation of environ-

mental and social impacts was carried out in this step. In the context of this study,

environmental costs and benefits comprised those that were either ‘not quantified’
or ‘underestimated’ in the original economic analysis as part of the normal engi-

neering practice, thereby comprising externalities of the development project.

All environmental benefits and costs of impacts were valued in base-year prices

and the net present value of environmental effects was calculated using the usual

formula and procedures for deriving NPV (Ranasinghe 1994; Pearce and Warford

1993). Direct and indirect valuation methods were used to evaluate the environ-

mental impacts.

Step 5 – Estimate the net value of the critical bound of the technical requirement of
natural resource uses/issues by combining the economic and environmental
values.

Knowing the combined economic value of all uses of the river basin at the

critical bounds of the technical requirements was expected to help stakeholders

make decisions on which issues/uses to prioritise in any year with less water. For

example, in the river basin, the top priority might be for the minimum amount of

water required for consumption or irrigation, followed by the minimum require-

ment for power generation and balance for irrigation in a dry year. The farmers

could be compensated for any loss of livelihood if the minimum requirements were

not met. In a good year when there is surplus water, irrigation might be allocated

much as it could absorb, or the water could be used even to recharge the aquifer

(Seckler 1996).

Stakeholder Involvement and Resource Uses

Approach to Stakeholder Involvement

The selected sample consisted of one to five persons from each GND representing

all resource use sectors. The final sample covered 427 stakeholders representing

145 GNDs under the administration of 16 District Secretariat Divisions (DSDs) on

both banks of the river. The sample comprised 362 males and 62 females. A

questionnaire was developed as the main survey tool.
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Resource Use Sectors

The collected data were used to identify key resource use sectors at each GND.

Even minor uses that could be important for future decision-making were included;

hence, the resource uses identified by even a single respondent were considered. In

all, 15 resource use sectors were identified in the 16 DSDs, shown in Table 9.1.

Existing Resource Uses and Issues

Resource uses vary along a river. Hence, the user sectors which were already

threatened by other use sectors or were in a conflict situation with other uses had

to be identified at each division. The respondents were requested to indicate

whether their resource uses have had any conflicts or whether they expected such

a situation in the future. Responses were obtained on a three-point scale (Yes/No/

No idea) for the present situation and for the future, expressed as percentages of

responses for each division. On average, 89 % of the respondents indicated that

their resource uses involved conflict situations at present and 91 % expected a

similar situation in the future.

The sectors for which negative social and environmental impacts were indicated

were the sand industry (259 respondents), the waste disposal sector (72 respon-

dents), and the clay industry (51 respondents). A cross-impact matrix was

constructed indicating the ways in which resource uses by each sector affected

uses by other sectors, shown in Table 9.2. The stakeholders also identified major

issues pertaining to different resource use sectors (see Table 9.3) and expressed

their views on the reasons for the negative social and environmental impacts of such

uses as well as possible remedial measures (Table 9.4). Some stakeholders were

identified as being particularly vulnerable.

Bathing/washing and sand mining were the two direct uses of river resources

occurring in all the DSDs, while hydropower featured least often. The majority

(89 %) of the respondents from all DSDs agreed that their resource uses were

threatened or in a conflict situation at the time of the study and most of them (91 %)

did not expect the situation to be reversed in the near future. In fact, they thought

that the situation would deteriorate under the assumption that there would be no

change in the river system as in the Base Case Scenario. Other resource use sectors

Table 9.1 Resource use sectors in Ma Oya river basin

1. Drinking water 2. Bathing/washing 3. Water supply

4. Industrial use 5. Hydropower generation 6. Sand mining

7. Clay mining 8. Dumping garbage/waste 9. Tourism industry

10. Inland fishery 11. Recreation 12. Animal rearing

13. Landowners/farmers 14. Dug-well users 15. Environment
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facing conflict situations are listed below. The numbers of GNDs affected are

indicated in parentheses:

Dug-well users (111), landowners/farmers (100), bathing/washing (87), envi-

ronment sector (49), sand mining (24), clay mining (13), water supply (14),

drinking water (direct) (06), inland fishery (04), animal rearing (11), recreation

(03), and dumping garbage/waste (2)

Almost all of the respondents (94 %) from each DSD said that they knew the

reasons for these conflict or threatening situations. Most of them (91 %) attributed

Table 9.3 Issues in resource uses by stakeholders

User

sector Main issues Frequency

Sand

mining

Drowning risks because of slippery and deep river bottom, poor

accessibility for bathing

224

Erosion of banks, hence uprooting bamboo and other trees, resulting

to the collapse of roads and railways on banks

244

Dried up dug wells, reduced water levels, salty well water 241

Loss of crop production 167

Adverse environment impacts, rising temperature, air pollution, dry-

ness, etc.

16

Distancing of families in the two river banks 10

Clay

mining

Damages to village roads by transport of sand, etc. 36

Drug addiction/theft by mining labourers 11

Loss of habitable land 12

Risk of diseases, poor health because of dust while transporting, non-

filling of clay pits

61

Waste

disposal

Fish kills 12

Health hazards (bad smell, etc.), stagnant pools 64

Unsuitable water for drinking, bathing/washing 73

Table 9.4 Respondents’ views re development/restoration of river’s environment

Sector/issues View Frequency

Washing/bathing Construction/rehabilitation of river access points 79

Waste disposal Banning of waste dumping into the river 29

Education of the people 13

Sand mining Limiting depths of mining/stopping of sand mining, need for

proper management

143

Effective and fair intervention of government officials 113

Land erosion

bank slides

Construction of rock embankments, protection of banks 104

Construction of bunds across the river 71

Environment Long-term river protection, programming, education of peo-

ple, specially of politicians

23

Protection of natural swamps and depressions 24

Reintroduction of river reservations 57
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the conflicts to over-exploitation by other users. A majority (86 %) from each DSD

likewise viewed the resource uses by other sectors as causing negative and social

impacts, but only 11 % accepted that their own resource uses led to such negative

impacts. The sectors that often caused negative social and environmental impacts

were the sand industry (61 %), followed by the waste disposal sector (17 %) and the

clay industry (12 %). The negative effects of extensive mining by the sand industry

were most acute during dry weather low-flow periods.

The above analysis of the present resource use sectors and stakeholders helped to

identify the sectors that would be significantly impacted by the proposed reservoir.

In an average year under normal conditions, the river experiences 6–8 weeks of

low-flow condition (DHI 1999). The proposed reservoir could result in longer low-

flow periods, depleting groundwater and increasing impacts on the indirect resource

use sectors, namely, the dug-well domestic water supply and rainfed agriculture

sectors. Other sectors that would be impacted by the proposed reservoir because of

the changes in water availability of the river included the recreation sector, indus-

trial sectors, and tourism. These five impacted sectors were not included in the

project’s original economic analysis (Sweco Grøner 2004) but were considered in

applying the ETO framework.

Technical Aspects of Water Resource Uses

General

The major variables differentiating the two scenarios, ‘with’ and ‘without’ the

reservoir project, were the river water flow and the water level. A time series of

daily water flows for a 20-year period (from 2008 to 2027) at the proposed location

of the reservoir was already established by the project proponents, simulating

reservoir operation based on modelled inflows and outflows of water and

predetermined operating rules.

Critical Bounds of Direct Uses

As noted, the main objective of Scenario 2 was to meet the projected drinking water

deficit. However, the project, designed as a multipurpose reservoir, was expected

also to generate hydropower, supply water for three irrigation schemes, and meet

forecast water deficits in the industrial sector. The project proponents identified

water supply, hydropower, industries, and irrigation as the sectors of greatest

importance for the river system. In developing the ETO framework, the critical

bounds of the technical requirements for water supply, hydropower, industries,
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irrigation, and environment sectors were assumed to be the same as those set by the

project proponents (Sweco Grøner 2004).

Various activities and sectors were not included or quantified in the original

project report but were incorporated in the ETO framework. For the ecological

sector, a previous study had estimated the flow requirement for preserving the

ecology as 3 m3/s (DHI 1999). This was considered an overestimate by the project

proponents because of a seawater barrier now in place in the estuary but was

nevertheless adopted in the present study.

A major use of the river is for waste disposal from cities, private dwellings,

hospitals, and industries. There are both point and nonpoint waste disposal sources

along the river. Surveys conducted for waste disposal showed that most of the

wastewater treatment plants did not function properly and the wastewater

discharged into the river was not tested. However, the samples of water tested at

water supply intakes occasionally satisfied the standards for drinking water with

conventional treatments. During the lean period, the ‘with project’ scenario would

improve the river flows until the reservoir storage was released; thereafter, the

‘without project’ situation would prevail. As such, no adverse impacts associated

with waste disposal were expected because of the proposed project.

Both river banks downstream from the proposed reservoir are either densely

populated or used for rainfed agriculture; thus, biodiversity was not considered

significant in the segment of the river covered by the study. No inland fisheries

occurred at a commercial scale anywhere along the river.

Economic Value of Project

Incremental Costs and Benefits of the Project

Economic values were estimated in terms of the financial costs and benefits of the

project due to an increased water supply and hydropower generation.

The project construction costs comprised Rs. 1,352 million in the first year and

Rs. 2,028 million in the second year, with a one-time project rehabilitation cost of

Rs. 33 million in the 10th year. An annual fixed operation and maintenance cost of

Rs. 9.4 million was assumed for the 20-year period of project operation. Sweco

Grøner (2004) stated that the residual values of assets were considered in the

original economic appraisal. These had an economic life beyond the assessment

period, although their values become almost negligible as a result of discounting.

The annual income for water supply was based on the assumption by the project

proponents that 80 % of the water would be sold for domestic purposes with a tariff

of Rs. 2.90 per m3 and the balance of 20% would be sold for commercial purposes

at a tariff of Rs. 42.00 per m3. Constant tariffs were applied throughout the project

period. Financial values were converted to economic values using conversion

factors suggested for Sri Lanka by Curry and Lucking (1992).
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Apart from the incomes derived from the water supply and hydropower sectors,

other economic benefits considered in the ETO framework comprised a one-time

increase in land value of Rs. 120 million, plus annual incomes of Rs. 100 million in

the irrigation sector and Rs. 130 million in the industry sector, in line with estimates

contained in the project proposal. Adjustments were made to avoid double counting

of benefits. Benefits accruing to the irrigation sector were neglected in the economic

analysis as the three main irrigation schemes were abandoned at the time of the

study.

Acceptable Rate of Return

The minimum acceptable rate of return (MARR) for water supply projects was

assumed to be 10 %, reflecting the opportunity cost of capital. The analysis of

benefits and costs in the original project report yielded an EIRR of 8.28 %. Three

additional cases (Cases 2, 3, and 4) were analysed for different scenarios. For Case

2, removal of land value increases reduced the EIRR from 8.29 to 7.95%. For Case

3, the benefits accruing from the irrigation sector were removed, resulting in the

EIRR decreasing to 4.95 %. For Case 4, the planning period was extended from

20 to 40 years, producing an EIRR of 7.29 % again without the irrigation benefits.

Valuation of Social and Environmental Impacts

General

An important step in constructing the ETO framework required the valuation of

social and environmental impacts because of changes in resource uses. Such

impacts for both scenarios would depend on the changes in river water flow and

water levels during the project’s lifespan.
Under Scenario 1, the changes of river water flow directly depended on the

rainfall pattern, proposed upstream diversions both to and from the river, and

catchment development work. Available literature did not show any concrete pro-

posals for other catchment development or river diversions to be implemented

during the project life. There were also no studies to predict rainfall changes.

Therefore, it was assumed that the water flow in the river would not be significantly

impacted during the project period under Scenario 1.

The river water levels were already being impacted from sand mining industry,

and this had caused some social and environmental issues. Since the river had been

mined to the bedrock during the last 15 years, further mining of annual sand

deposits would not significantly change the water level. Therefore, no significant

social and environmental impacts were assumed under Scenario 1, as both water

9 Application of an Educated Trade-Off Analysis Framework for the Ma Oya River. . . 189



flow and water level could not be expected to undergo significant changes within

the project life.

The major impacts associated with changes in river water flow and river water

level under Scenario 2 were identified in the initial data analysis conducted when

developing the ETO framework. The direct resource use sectors that could be

impacted were the recreation, tourism, and industries sectors, while the indirect

resource use sectors included rainfed agriculture and dug wells.

The indirect use sectors depended on groundwater levels whereas the direct

users depended on river flow (discharge) or volume. The groundwater level in most

of the river bank areas depends on the river water level. Significant changes

expected with the implementation of the reservoir were reductions in flood height

and prolonged periods of low water flows. These would result in low groundwater

levels for longer periods. As a result, both indirect water use sectors, rainfed

agriculture, and dug wells could face water scarcities.

Recreation Sector

A major recreation site enjoyed by the local people is a waterfall (Bo Ella) located

upstream of the proposed dam. This waterfall is an open-access recreational site.

Most visit the site on the independence day of Sri Lanka, 4th of February, as a

tradition. The waterfall at the proposed dam site was expected to be inundated as a

consequence of the reservoir, and the recreation site was expected to be lost. To

estimate the value of this recreational site, visitors were surveyed on 4 February

2009 to collect data required for application of the travel cost method (TCM).

The total sample consisted of 70 people who were visiting the site for recreation.

Data such as their age, annual income, and mode of transport were collected. The

gender ratio was 57 males to 13 females. Their annual income ranged from zero to

Rs 600,000. The visitors had used seven modes of transport and some of them had

used more than one mode of transport. A majority (73 %) used their own vehicles

while 26 % hired vehicles.

Three methods were tried to estimate the site’s value: two variations of the travel
cost models and a simple approximation. A zonal travel cost model with six zones

was tried, but the data collected did not yield an inverse demand curve for trips to

the site, so this was rejected as an appropriate valuation method. An individual

travel cost model was also tried. Seven factors potentially influencing the number of

visits were considered: (a) gender, (b) age, (c) work category, (d) distance travelled,

(e) monthly income, (f) total travel cost, and (g) other expenses incurred at the site.

None of the above factors showed any significant influence on the number of trips

made by the individuals. The final method applied was a simple approximation,

using the average value of total expenditure on travel and other expenses and the

value of travel time, incurred by the visitors and the number of visitations per year.

The resulting estimate was Rs. 2.59 million per year.
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Tourism Sector

The river flows through a prominent tourism location in Sri Lanka called

Pinnawala, where an elephant orphanage is found. Housed along the river banks,

Pinnawala was initially conceived to provide shelter for baby elephants orphaned in

the wild. The captive breeding programme by wildlife authorities resulted in more

than 75 elephants at the orphanage; hence, they could be naturally herded. This

world-famous tourist attraction depends on the Ma Oya river for the water needed

by the elephants to cool their body system. The herd uses the river two times a day.

The surrounding area is likewise being developed for tourism.

Variation of river water flows resulted in two types of negative impacts. First, the

very low flows could result in insufficient water for elephant bathing. Prolonged

lack of water would lead to the need for another water supply; otherwise, the

orphanage would have to be closed. This loss could be estimated using the ‘alter-
native project’ or the ‘travel cost method’ to assess the value of the orphanage.

Second, the high flows (floods) did not permit the elephants to use the river for

bathing because the small elephants could be washed away. In this instance, the

tourism industries along the route taken by the elephants from the orphanage to the

river would be affected, but not the orphanage itself. Thus, the specific days when

the elephants could not use the river because of floods would spell economic loss in

the area.

The proposed project (Scenario 2) would not create flows lower than those in

Scenario 1 during the dry periods. There would be no incremental loss in Scenario

2 when the extreme low flow conditions prevailed. Instead, the proposed reservoir

would actually be beneficial to the tourism sector. The mitigation of floods during

high-flow periods would also benefit the tourism industry in the area. The additional

net income earned by business establishments involved in tourism was estimated at

Rs. 2.59 million per year.

Industry Sector

Industries located in river banks depend on two types of use from a river system: the

extraction of raw water needed in manufacturing activity and the discharging of

industrial wastes to the river system. The cost of raw water extraction is affected by

both the quantity and quality of water used. In discharging wastes, the key factor is

the assimilative capacity of the river. In the dry weather situations, the waste

disposal rate could exceed the assimilative capacity.

A survey covering 20 industries along the river banks showed that most of them

belonged to the four industrial estates that have been established along river banks,

while others were individual enterprises, as shown in Table 9.5. Of the four

industrial estates, the Nurani Industrial Estate is located about one km away from

the river. The industries within Nurani Industrial Estate use the river only for waste
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disposal. Data were collected on the expansion of the industries requiring additional

water supply or waste discharge facilities within the project life of the proposed

reservoir. Six industries at Makandura and the Thulhiriya and Meerigama industrial

parks have plans for expansion during this period. All such demands were well

within the provisions proposed by the proposed reservoir project.

Prolonged periods of low water flows combined with reduced flood peaks can

affect the industry sector differentially. For water intake, eight industries used tube

wells and six used dug wells as their sources of water. One industry depended on an

outside source: a tube well on a neighbouring compound. Five respondents, includ-

ing the two from Thulhiriya and Meerigama, drew water directly from the river.

Seven respondents agreed that the river flow, water level, and water quality

influenced their water intakes. The benefits expected from reduced water input

treatment costs by the industry sector were estimated at Rs. 0.45 million per annum.

To estimate the impacts of low flows on costs of discharging wastes to the river,

the method of ‘response cost’ could be used to this sector because of the proposed

reservoir project. However, the environmental authority has already raised the

standards of permissible waste water releases to the open surface of water bodies,

and this is already being implemented in the environmental clearance certification

of industries. As such, the proposed project would not require the industries to

enhance their treatment plant capacities and incur any additional costs.

Dug-Well Sector

Prolonged low flows causing low groundwater table would result in longer periods

of water shortages for the users of dug wells to meet daily domestic needs. Most of

the dug wells run completely dry or almost dry during the natural dry weather

periods. This has resulted to extra costs for fetching water and poor sanitation

conditions. The method of ‘cost of productivity loss’ was proposed as a possible

valuation technique. Participants created a chart for the crops grown in the area

Table 9.5 Water demands of industries along river banks

Industrial

estate Respondents

No. of

industries

Demand up to 2025

(m3/day)

Project allowance

(m3/day)

2005 2025 Average

Thulhiriya 01a 05 8,500 4,500 18,000 11,250

Meerigama 01a 05 4,500 2,500 6,000 4,250

Makandura 12 15 Not known 6,000 13,000 9,500

Nurani 03 04 – – – –

Individual 03 About 10 Not known – – –

Total 20 25,000

Note: aAt ‘Thulhiriya’ and ‘Meerigama,’ all the industries within the estate were supplied with

water by one intake. Waste is also treated by one plant under one authority
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during different seasons. Questions were posed to the group to facilitate discus-

sions. This was followed by a household survey to collect individual data from

146 sample households. Of the 146 households, 126 (86 %) owned a dug well and

others used common dug wells and the river for their domestic water requirements.

During the past 15 years, the river bed has deepened by about 10–12 m because

of sand mining. This has resulted in the drying up of dug wells near the river. Thus,

the dug wells were excavated repeatedly. Many of the respondents (84 %) were

aware of the depth of their wells. The average depth of a well in the area surveyed

was 11 m whereas the normal depth of a dug well is usually between 4 and 6 m.

Some wells were around 20 m deep, and some people used tube wells which

reached up to 25 m. A review of available information and existing studies

indicated that impacts on the dug-well sector could be marginally positive when

compared with Scenario 1, although this could not be further evaluated due to a lack

of data.

Rainfed Agriculture Sector

The prolonged low flows resulting in low groundwater table would reduce crop

production. The environmental valuation technique used to value the impacts to this

sector was the ‘cost of productivity losses’ method. The household questionnaire

survey for the dug-well sector was extended to collect the required data. The major

crop in the area was coconut, grown by 65 % of the surveyed households. Banana

was grown by 25 %. Other crops grown commercially were pineapple, paddy rice,

pepper, betel, rubber, flowers, and yams (Manioc).

The river water levels were found to have a definite impact on the groundwater

table of most of the Ma Oya lower reach areas, through the observation of water

levels of the dug wells along the river banks: low water levels of the river

corresponded with the low water levels of the dug wells, and high water levels

corresponded with the high water levels. Thus, the magnitude of the impact of the

proposed reservoir on rainfed agriculture depended on the possible variation of

groundwater table impacted by the river water levels, especially during the dry

months.

A study was made using available data for river flow and water level. The data

and computations for predicted changes in river flow showed that in 88 % of the

time, the variations would be less than 10 cumecs. During the dry season, the flows

were expected to increase as a result of flow regulation at the reservoir. However,

observations on the relationships between river flow and water level measured at

the gauging stations of Giriulla and Badalgama showed that for a flow variation of

10 cumecs, the water level variation was only a fraction of a metre.

Coconut cultivators were a key group of stakeholders using river resources in the

lower reach. Their major concern was the impact of the proposed balancing

reservoir project on soil moisture retention in the river bank areas, which in turn

would impact coconut production. Research has shown that soil moisture
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availability is positively correlated with coconut production. The cultivators were

encouraged to practise mulching to maintain soil moisture within the root zone. The

roots of a coconut plant are generally around 2.0 m deep. When the groundwater

table is present around this depth, the required soil moisture within the root zone is

maintained. Given that a coconut tree has a root depth of 2.0 m, Scenario 2 would

not have a significant negative impact on coconut cultivation. Other commercial

crops have much smaller root depths but similarly would not be negatively

impacted by the proposed reservoir operations. Hence, it was concluded that the

flow variation because of the reservoir would not impact rainfed agriculture of the

river banks.

Summary of Social and Environmental Values

For all the relevant social and environmental sectors, the total annual net benefit of

the project was estimated to be Rs. 1.84 million. The net present value of the total

social and environmental benefits EnvioPV for different discount rates are given in

Table 9.6. The estimate ranges from Rs. 12.9 million to Rs. 23.7 million depending

on the discount rate applied.

Both the project feasibility report and the present study considered only the

financial value of water supply based on expected water prices per unit. However,

this may considerably understate the value of scarce water to dependent commu-

nities, as in the absence of the reservoir project, the next best supply of water would

be considerably more expensive to develop.

Combined Economic and Environmental Values

Combined Economic Value

Table 9.7 displays the results obtained for the combined economic value

(CombNPV) of the project, comprising the summation of the economic value of

the project estimated by following normal engineering practice (EcoNPV) and the

economic costs (EC) estimated for the social and environmental impacts of the

project. Three cases have been evaluated. In Table 9.7, all values represent the

incremental changes between Scenarios 1 and 2 for cases 1, 3, and 4. Case 2 is

ignored because of its insignificant difference between Scenarios 1 and 2. The

discount rate is 10 %. It can be seen that none of the cases has a positive combined

NPV or a BCR exceeding 1, implying that from the perspective of social economic

welfare, the project should be rejected. Of the three cases in Table 9.7, Case 1 is the

least undesirable.
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Stakeholder Education and Framework Validation

Stakeholder Workshops

Stakeholders were consulted to obtain their views on the proposed project; to

educate them on technical, economic, and environmental (including social) aspects

of the project; and to ascertain the impacts of what they learned. The sample

included 218 stakeholders representing 10 different water uses. Eleven stakeholder

workshops were conducted at the Divisional Secretariat offices situated along the

river banks and one city centre located by the river bank. The spatial distribution of

workshops allowed the participation of stakeholders representing proposed project

areas and the entire downstream reach of the river.

The two major tools used for stakeholder consultations were a set of presenta-

tions for introduction to and education about the proposed development and a set of

questionnaires for ‘pre-’ and ‘post’-education sessions. The distribution of respon-

dents among different use sectors is shown in Table 9.8.

Awareness and Expectation of Impacts

Of the 218 respondents, a majority (67 %) were unaware of the proposed reservoir

project. Irrespective of awareness, a majority (67 %) also thought that they would

experience positive impacts from the project compared with their present situation,

while less than half (44 % ) expected negative impacts.

Of the 71 who were aware of the project prior to stakeholder workshops, almost

two-thirds (70 %) expected positive impacts, while only 49 % expected negative

impacts. This meant that 19 % expected both positive and negative impacts from

the project. Of the 145 stakeholders who heard about the project for the first time,

Table 9.6 Net present value of social and environmental benefits

10 % (20 year) 8.29 % (20 year) 4.95 % (20 year) 7.29 % (40 year)

EnvioPV (Rs.) 12,946,246 17,695,097 23,027,993 23,727,467

Table 9.7 Combined economic value for cases 1, 3, and 4

Case EcoNPV (i¼10%) B/Ca EIRRa EC (i¼10%) CombNPVc B/Cb EIRRb

Case 1 �412,627 0.871 8.29 +12,946 �399,681 0.875 8.34

Case 3 �1,116,227 0.651 4.95 +12,946 �1,103,281 0.665 5.02

Case 4 �825,166 0.742 7.29 +14,871 �810,295 0.747 7.34

Note: aValues estimated under normal engineering practice
bValues estimated under the application of ‘Educated Trade-Off’ framework
cCombined direct, social and environmental economic values
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65 % and 43 % expected positive and negative impacts, respectively, from the

project. Chi-square analyses showed that awareness of the project had no significant

influence on the stakeholders’ expectations.
The numbers of stakeholders with different expectations regarding impacts and

the reasons for them were determined as follows. Reasons for positive impacts were

good quality water supply and/or expansion of water supply 62 (43 %) and extra

benefits such as electricity for the area 34 (23 %). Reasons for expecting negative

impacts were reduced flow to downstream areas 30 (25 %), relocation 22 (19 %),

and negative impacts for dug-well users 16 (14 %).

Willingness Before and After Stakeholder Education

The level of willingness to support the development project was measured using

responses obtained on a scale of 11 points from +5 to�5 including zero. A score of

+5 indicated full willingness to accept the project, 0 indicated indifference. and �5

indicated full opposition to the project. The summary of the responses received at

‘pre-’ and ‘post’-stakeholder education sessions is compared in Table 9.9 where the

11 scale points are grouped into three categories: �5 to �1 as unwilling, 0 as

neutral, and +1 to +5 as willing.

The changes that took place in the three groups were as follows:

• Among the stakeholders who were ‘unwilling’ prior to education, 50 % were

convinced and were ‘willing’ for the project after the education session.

• Among the stakeholders who were ‘neutral’ prior to education, 86 % were

convinced and were ‘willing’ for the project after the education session.

• Among the stakeholders who were ‘willing’ prior to education, only 3 % were

negatively convinced and became either ‘unwilling’ or ‘neutral’ for the project
after the education session.

Table 9.8 Frequency and percentages of stakeholders from different use sectors

Sector Frequency Percentage

Officials of NWSDB 13 5.96

Users of pipe-borne water 9 4.13

Tourism sector 8 3.67

Recreation sector 22 10.09

Industrial sector 6 2.75

Dug-well users 26 11.93

Paddy field owners/farmers 28 12.84

Coconut landowners 25 11.47

Environmental organisations 25 11.47

Government administrative mechanism 56 25.69

Total 218 100.00
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Hypothesis Testing

To validate the ETO framework as a tool that could significantly impact the

decision-making of stakeholders, the following hypothesis was tested using the

binomial distribution.

H0 Stakeholder involvement in decision-making on development projects in a

river basin remains the same or becomes less with improved access to

information through the ETO framework.

H1 Stakeholder involvement in decision-making on development projects in a

river basin is rationally impacted with improved access to information

through the ETO framework. For the purpose of the study, the term

‘rationally impacted’ was defined as having the majority (more than 50 %)

of stakeholders being impacted.

Influence of Technical, Economic, and Environmental Aspects

Further analysis was conducted to determine the factors that have influenced

stakeholders to change their views about the proposed project. The factors were

categorised as technical, economic, and environmental (including social). The most

influential technical factors were catchment data, reservoir data, and rainfall data,

while the least influential was the location of the river and cities. The only economic

factor used, namely, the net benefit of the project, had a considerable impact on

stakeholders.

Among the social and economic factors, understanding of the indirect positive

impact of the low-flow weirs on the dug wells in the vicinity caused the major

change among the stakeholders. This was followed by their understanding that the

project would not adversely affect the downstream dug wells and that there were no

adverse effects on crops such as paddy rice and coconut.

Table 9.9 Summary of stakeholder responses between ‘pre-’ and ‘post’-education

Post

Unwilling Neutral Willing TotalPre

Unwilling 16 (42.1 %) 3 (7.9 %) 20 (50.0 %) 39

Neutral 1 (7.1 %) 1 (7.1 %) 12 (85.7 %) 14

Willing 5 (3.0 %) 1 (0.6 %) 159 (96.4 %) 165

Total 22 5 191 218
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Usefulness of ETO Framework

Stakeholder workshops were conducted to test the broader hypothesis that the ETO

framework was a useful tool in educating stakeholders for decision-making with

regard to natural resource uses. It was hypothesised that the framework was a useful

tool if more than 50 % of stakeholders changed their perception of the proposed

Yatimahana reservoir project. The hypothesis testing found that 78 % of the sample

accepted that the education changed their views about the project, leading to

rejection of the null hypothesis at the 95 % significance level. By accepting the

alternative hypothesis, this confirmed validation of the ETO framework.

Two of the three main reasons for disliking the project were associated with the

fear of reduced flow to downstream areas, especially the dug-well sector and the

agriculture sector without irrigation facilities. In the post-education session, what

the stakeholders learned, especially regarding the rainfall and catchment data of the

proposed reservoir, backed their confidence to change their views about the project.

Conclusions and Recommendations

The study successfully applied the ETO framework to the Ma Oya river basin,

enabling the stakeholders to make informed decisions regarding the proposed

Yatimahana development project and other resource uses. It has also validated

the ETO framework as a tool for stakeholders’ education.
The methodology facilitated the identification of dominant stakeholders and the

impacts of the development project, spatially distributed over 100 km. The eco-

nomic analysis of the technical requirements and economic feasibility of Scenario

2 produced an estimated IRR of 8.29 % for the base case over the assumed 20-year

project life.

An important feature of the framework is that it provided economic values for

the social and environmental impacts of three key sectors, which had not been

considered in the project’s original feasibility study. For the recreation sector,

inundation of a waterfall would produce a loss of Rs. 1.2 million per annum. For

the tourism sector, controlled water release at the proposed reservoir, increasing the

expected number of tourism days in Pinnawala, was estimated to result in an

incremental income of Rs. 2.59 million per annum. In the industry sector, flood

mitigation would save water treatment costs of Rs.0.45 m per annum.

Data analyses in the fourth step established that the ‘dug-well’ and ‘rainfed
agriculture’ sectors along the river bank areas would not be impacted by the

proposed development project. It was observed that the value of water was consid-

erably understated if only the financial benefits were considered. Without the

reservoir project, developing the next best supply of water would be significantly

more expensive.
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The incremental net benefit for Scenario 2 was found to marginally increase

when the social and environment impacts were added to the initial economic

estimates of costs and benefits. Irrespective of the outcome, application of the

ETO framework educated the stakeholders in technical, economic, and environ-

mental aspects to enhance the rationality of their decision-making. Statistically, it

was demonstrated that the ETO framework was a useful tool in educating the

majority of the stakeholders in making decisions about natural resource uses at

95 % level of significance.

To support ongoing work, it is recommended that a network of interested

stakeholders be formed in the GNDs along the river using lower-level government

officials as a catalyst. Networking would help to reveal stakeholders’ concerns as
well as identifying emerging issues at an early stage so that remedial actions could

be implemented. The benefits gained by avoiding the social and environmental

costs incurred by users of the water supply scheme should be emphasised. Imme-

diate steps should also be taken to collect reliable technical data on water flow,

water levels, and water quality.
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Chapter 10

Policy Options for Sustainable River Sand
Mining in Sri Lanka

L.H.P. Gunaratne

Abstract This study investigates policy options for sustainable river sand mining

in Sri Lanka that minimize environmental degradation while meeting the require-

ments of the construction industry and local people. Four separate economic

analyses are undertaken: comparison of the annual costs and benefits of selected

mining sites, analysis of miners’ views and preferences using choice modeling,

evaluation of expert opinion using multi-criteria analysis, and a comparison of

alternative sources of river sand. The comparison of the costs and benefits at sample

mining sites reveals that the social cost of river sand mining exceeds the private

costs. The results of the discrete choice experiment with the miners indicate they

believe that the negative effects of sand mining can be partly mitigated by directing

government funding to an environmental trust fund (ETF) with some level of

comanagement. Strict rules, regulations, and awareness programs, as suggested

by the media and environment groups, were not found to be productive.

Alternative policies for sustainable sand mining in three major rivers are eval-

uated ecologically, economically, socially, and technically using multi-criteria

analysis. For the Ma Oya River, where there are more than 70 mining sites, the

restriction of mining at vulnerable sites was found to be the best management

alternative, followed by the establishment of an ETF. For the Mahaweli and Deduru

Oya rivers, community-based management was found to be the best option. The

best way to decrease pressure on rivers for sand extraction would be to use offshore

sand, but price was a potential impediment in relying on this option.

Keywords Sri Lanka • Sand mining • Cost and benefit • Choice modeling • Multi-

criteria analysis
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Introduction

River Sand Mining in Sri Lanka

Sri Lanka is an island with a land area of 65,525 km2, endowed with 103 distinct

rivers and streams and 94 coastal basins. Most of these rivers originate in the central

highlands and travel to all corners of the country. Except for the longest river, the

Mahaweli, which stretches for 335 km, all of the other rivers are less than 160 km in

length. These rivers have always been an integral part of life for the people of Sri

Lanka as the location of various resources, including water, and as a means of

development for cities and villages throughout the country’s 25 centuries of agri-

cultural civilization.

River sand is an essential raw material in the construction industry, and mining

furnishes the rural population with work as miners, transporters, and vendors. Sand

is a resource that can be freely accessed, and mining activities have expanded

dramatically – in some river basins by 2.5 times more than the number of original

sites. As reported by Ingall (2006), this expansion is related to the boom in the

construction industry that followed the Asian Tsunami of 2004. The tsunami

changed the appearance of rivers and gave rise to a substantial number of environ-

mental problems.

Unregulated and unmonitored sand mining has taken place without a clear

regulatory framework, and this has aggravated environmental problems. In addi-

tion, sand prices have increased several times, thanks to a ban imposed on tradi-

tional sources of supply. Elevated sand prices have driven the exploitation of sand

from fragile and remote places, causing more damage to the road infrastructure due

to heavy loads carried on weak rural roads. This situation has been further compli-

cated by politics. No tangible benefit can be derived from current institutional

activities unless there is a mechanism that meets both demand for sand and the

need for conservation goals. In addition, the needs of the rural poor, who benefit

from river sand mining, need to be considered.

Indiscriminate river sand mining has resulted in a large number of environmental

and social problems in Sri Lanka. Environmental problems include on-site effects

such as the erosion of riverbanks, lowering of water tables, intrusion of salt water,

damage to riverine vegetation, loss of habitat of the aquatic population, increase in

mosquito-related health problems, and damage to bridges and structures. Off-site

effects include the impairment of rural roads and increased coastal erosion. These

environmental issues have affected most of the rivers and streams of Sri Lanka.

The strategies adopted so far have not been based on sound economic analysis

and so have led to policy failures. Moreover, ad hoc and inconsistent policies have

contributed to a short supply of sand, further degradation of the environment, and
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increased social upheaval. There is an urgent need to identify appropriate policy

guidelines that guarantee environmental protection with minimum regulatory costs

and high levels of public cooperation.

Institutional Context

Sand is the property of the state and a permit is required to mine and transport it

(Mines and Minerals Act No. 33 (1992) of Sri Lanka). Artisanal sand mining was

the norm until the introduction of the current Mines and Minerals Act (which

replaced the former Mines and Minerals Law No. 4 of 1973) established the

Geological Survey and Mines Bureau (GSMB), which regulates the exploration

for and mining of quantities of sand deposits. Expressions of interest for mining

tenders are issued by the Divisional Secretary because the custodian of rivers and

state land is the government. Including the Mines and Minerals Act No. 33 of 1992,

the National Environmental Act of 1980, the Coast Conservation Act of 1981, and

other relevant legislation, regulations, and policy statements reflect Sri Lanka’s
constitutional, international, and national obligations. These policies support other

national policies such as the National Environmental Policy, which was adopted by

the cabinet of Sri Lanka on 15 May 2003. The Ministry of Environment and Natural

Resource Management prepared a draft policy on sand as a resource for the

construction industry and opened it for public comment.

Research Objectives

The main objective of this study is to identify appropriate policy options that

minimize environmental degradation from river sand mining while meeting the

requirements of stakeholders, including the construction industry and local people

who depend on sand mining. The specific objectives are to:

• Present an overview of the present situation related to river sand mining,

including the general causes of environmental degradation and the institutional

and policy set-up.

• Compare the private profitability and the social cost of river sand mining.

• Analyze the preferences and trade-offs of various options for miners.

• Evaluate the policy alternatives under social, economic, ecological, and techni-

cal criteria, based on stakeholder views.

• Assess suitable alternatives for river sand mining that reduce the pressures on

rivers while also sustaining the construction industry.
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Overview of Sand Mining and the Sand Market

Demand for Sand

Sand is used for building construction, road surfacing, and landfilling around

bedding pipes and telecommunication lines. The construction industry remains

the main consumer of river sand, accounting for more than 95 % of demand. The

total national demand for sand is difficult to estimate because of data limitations.

Studies (Katupotha 1998; Dias et al. 1999) that have attempted to estimate sand

demand have been found to be incomplete. However, the best estimate, based on

reports by the Geological Survey and Mines Bureau of Sri Lanka, is that the

demand has been increasing from 11.01 m3 million in 2007 to 14.05 m3 million

in 2011.

The gap between licensed sand mining output and the estimated need for sand is

high, indicating extensive illegal sand mining activity. Unsustainable sand mining

occurs at two levels: one is illegal extraction over the quota by licensed miners with

the help of police officers and local government officers; the other is mining from

banned or vulnerable sites. In addition to environmental and other social costs,

these practices deprive the government of income.

The shortage of sand has pushed up sand prices more than fourfold during the

last decade, exerting pressure on vulnerable and remote sites. However, the royalty

payment to the GSMB and the income that goes to local government is fairly low.

The economic feasibility of other sources of sand is masked by the low price of

river sand which includes only the direct costs such as license fees, wages, equip-

ment, and transport. Environmental costs as well as other social costs, such as loss

of livelihood and the damage to rural road networks, are not reflected in market

prices.

Environmental Impacts of River Sand Mining

Environmental problems related to sand mining are reported from most parts of Sri

Lanka. The problem is more severe in the districts of Kurunegala and Puttalam in

Northwestern Province, as revealed in reports from various NGO environment

groups such as Lanka Jalani, the Japan Water Forum, Associated Development

Research Consultants, the NGO forum of the ADB, the Network of Women Water

Professionals in Sri Lanka, and the Navoda Farmers’ Organization.
Major negative environmental impacts include the lowering of riverbeds, the

reduction in capacity of water intake, water pollution, saline water intrusion,

riverbank and coastal erosion, soil quality deterioration, environmental changes,

damage to riparian vegetation, and in-stream habitat and biota. Other detrimental

impacts of sand mining are the alteration of flow patterns due to the modification of

riverbeds, overloading of suspended sediment, damage to the channel beds due to

204 L.H.P. Gunaratne



the use of heavy equipment, permanent flooding conditions or the presence of

pooled water, disturbance of the natural hydrology of the riparian zone because

of infrequent elevated flow levels, the exclusion of large woody debris from the

riparian zone, and reduced vegetative bank cover.

As reported by (Kamaladasa 2008), the amount of sand being extracted from the

main rivers along the west coast of Sri Lanka is far in excess of the supply of sand

from the upper parts of the catchment, causing the lowering of riverbed levels,

affecting the drinking and agricultural water supply, and lowering the water table

near rivers, in turn lowering water levels in wells. The drying up of irrigation

channels has reduced the flooding of paddy fields with nutrient-laden water and

increased the unsteadiness of the banks of rivers.

Coastlines are enriched by river sand entering the sea, and inland sand mining

has hindered sediment flow, leading to coastal erosion. A study by Nanayakkara

(1999) clearly identified the relationship between too much sand mining in the Ma

Oya River and coastal erosion north of the Ma Oya River mouth. This study

estimated that coastal erosion caused by the reduced sand supply from the Ma

Oya, Kelani, and Kalu rivers was equivalent to an average land loss of about 5–6 ha

per year.

Other losses caused by present sand mining practices include loss or damage to

houses, churches, graveyards, and archaeological sites, loss of livelihood for coastal

fishermen, and changes to natural estuarine vegetation.

Benefits and Costs of River Sand Mining

Conceptual Approach

A sand miner is concerned with his private costs when making decisions but not the

costs borne by others, i.e., social costs. Social costs include both private costs and

any external costs to society arising from sand extraction. When external costs

arise, because environmental costs are not paid, market failures and economic

inefficiencies exist at local or national level.

Damage costs of sand mining in Sri Lanka have been estimated by various

researchers (Byrne and Nanayakkara 2002; Siripala 2002). However, river sand

mining also has some positive impacts. The main benefit of river sand mining is the

work it offers to sections of the community that have few other options. Rural

people who live below the poverty line are relatively well paid for involvement in

sand mining during certain months of the year.
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Field Data Collection

The field surveys to collect data relevant to the resource use, income, private costs,

and subsequent social costs were based on a structured questionnaire and were

conducted at three sites: Site 1, Doluwa (Central Province); Site 2, Weragantota

(Central/Uva Province); and Site 3, Alawwa (Northwestern Province). The first two

sites are located along the Mahaweli River while the third site is adjacent to the Ma

Oya River.

The data collected included the amount of damage to riverbanks; the amount of

damage to wetlands; the amount of damage to sensitive areas; the number of trees

removed; the amount of soil erosion; the loss of productivity on adjoining land; the

amount of damage to structures such as bridges, water pumping stations, etc.; the

number of licenses issued/the number of miners involved per site; the amount of

sand removed per day; the number of people employed (in all categories) by origin

(local or outsiders); satisfaction with the mining activities and perceptions of the

mining activities; the direct production costs borne (wages, license fees) by the

miner; the price of sand at the site; other transaction costs; and damage to roads and

the number of complaints received by the local authority. This data was used to

estimate monetary values using direct market-based approaches.

Private Costs and Benefits

Only one period of costs and benefits was compared without any discounting. The

total production cost of site 1 was estimated to be LKR 2,163,893 per month, and

the gross mining income was LKR 2,600,000 per month. Since there is a positive

difference between income and expenditure (LKR 436,107 per month), sand min-

ing is privately profitable at this site. Similarly at site 2, the total income received by

selling sand was LKR 116,736,480 (¼210 cubes per month � 12 months �
37 miners � LKR 1,252 per cube), and the total direct cost of sand mining was

LKR 84,741,470, so the total annual income over expenditure was LKR

31,995,010. The income and expenditure data related to the third site revealed

that there were positive private profits of LKR 13,605,120–38,810,880 (140 cubes

� 24 miners � 12 months � LKR 1,300 per cube 38,810,880) [115 Sri Lanka

Rupees¼ 1 USD as of July 2009, one cube¼ 2.8 cubic meters].

Social Costs and Benefits

Social cost comprises the summation of private cost and external cost due to the

environmental and non-environmental effects of sand mining. Of all the potential

environmental damage that can be caused by river sand mining, the following
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effects were prominent in the study area: riverbank erosion, productivity loss in

paddy fields, and the non-environmental social costs of damage to rural roads.

It was found that the opportunity cost of the sand site was zero for sites 1 and

3. The survey revealed that the average opportunity cost of site 2 per mining

location was approximately LKR 27,500 per year. There were no conceivable

social benefits from the sand pits, i.e., no increase in fish stocks or restoration of

water during dry periods. It was assumed that all environmental damage was

attributable to river sand mining during the permit period.

No major loss to biodiversity was reported from the study areas. Though there

were complaints related to health, these were not considered at the time of data

collection, as people did not appear to be concerned with this aspect of sand mining.

Other potential negative externalities such as saltwater intrusion, damage to infra-

structure and houses, potential effects on cities downstream, loss of bathing water,

and decline in inland fisheries were not prominent and hence were not quantified or

monetized during the study.

Productivity Loss

Loss of income due to lowering of the water table was computed. The estimated

yield loss, the extent of affected crops, and the loss of income were computed from

information gathered from the survey and the information obtained from the

Agrarian Services Center. At site 1 the total farm income loss was estimated at

LKR 311,190. Similar computations were made for the other two sites, and the

estimated losses amounted to LKR 596,000 for site 2 and LKR 186,000 for site 3.

Damage to Roads

The destruction of roads appeared to be the main non-environmental social cost of

river sand mining in the study area. The valuation methods that were applied were

based on the repair/replacement cost approach. For sites 1 and 3, the charge

imposed by local authorities to cover the cost of damage to roads is LKR 100 for

each cube of sand. For site 2, the charge imposed by the Road Development

Authority is LKR 8,292 per month per miner. The total annual replacement cost

was accordingly estimated at LKR 3,681,648 per year.

Riverbank Erosion

It was assumed that if sand mining needs to be continued, the riverbank should be

protected by fixing a retaining wall or similar structure. The wall would cover only

the sand site at the bank, and the residual effects, e.g., damage to the opposite side

of the bank during the rainy season due to the presence of a dam on one side, were

not taken into account. The length and height of the sand site was measured and
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multiplied by per unit cost of restoration. The cost of construction of the retaining

wall was estimated based on the specifications such as the size of the foundation,

width and height, and the concrete mixture provided by the Irrigation Engineer,

Irrigation Management Department, Kandy. The estimated social costs of sand

mining in the study area are shown in Table 10.1.

The major social benefits of river sand mining are the provision of employment

opportunities to local people, flood control, and the supply of raw materials to the

construction industry. These are in addition to the private benefits of miners. Due to

the vagueness of this information, only the net private profits were considered as a

lower bound value of social profitability.

Summary of Costs and Benefits

The social costs and net private benefits were computed for each of the study sites,

and a summary is presented in Table 10.2. In all cases, social costs exceeded private

costs. Although the net social profits were nonnegative at all the study sites, the

results should be interpreted with caution. The results must be considered in

context, as none of these sites experiences other major environmental impacts

such as saltwater intrusion or damage to infrastructure.

Table 10.1 External cost of sand mining (LKR) per year

Cost items Site 1 Site 2 Site 3

Net income loss from crops 311,190 596,000 186,000

Damage to the riverbanks (adjusted per year) 1,900,000 4,300,000 1,321,000

Damage to roads 1,300,000 3,681,648 336,000

Opportunity cost of the land 1,017,500

Total 3,511,190 9,595,148 1,843,000

Table 10.2 Summary of private and social costs and benefits (LKR) per year

Cost/benefit Site 1 Site 2 Site 3

Private cost 25,966,716 84,741,470 38,810,880

Private benefit 31,200,000 116,736,480 52,416,000

Net private benefit 5,233,284 31,995,010 13,605,120

External cost 3,511,190 9,595,148 1,843,000

Social cost 29,477,906 94,336,618 40,653,880

Net social benefit 1,722,094 22,399,862 11,762,120
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Preferences of Sand Miners

Significance of Miners’ Preferences

Information regarding trade-offs in the behavior of resource users (i.e., sand

miners) and broader social indicators of well-being is important in resolving

potential conflict between private and public interests regarding the use of natural

resources and the environment. Without considering miners’ preferences and per-

ceptions, realistic solutions cannot be sought. It should be recognized, however,

that miners may not provide values that are widely shared or accepted by other

members of society.

Analytical Framework

To assess the preferences of miners regarding trade-offs, a discrete choice exper-

iment (DCE) was undertaken. The study was conducted at the sand mining sites of

the Ma Oya River in the Polgahawela, Alawwa, and Narammala Secretariat Divi-

sions in Kurunegala District. Information about all the license holders presently

engaged in sand mining in the Ma Oya River was collected from the regional

GSMB office at Kurunegala. The survey dealt with a random sample of 150 miners

and mine workers.

DCE is a stated preference technique, in which respondents are asked to evaluate

hypothetical scenarios, in contrast to revealed preference techniques that rely on

modeling actual behavior. Discrete choice experiments were originally developed

in the market research and transport literature, but they have now become familiar

in environmental economics (Adamowicz et al. 1994, 1998; Louviere et al. 2000).

DCEs are closely linked to two economic theories known as Lancaster’s charac-
teristics theory of value (Lancaster 1966) and the random utility theory (Thurston

1927; McFadden 1974). In choice experiments, respondents are presented with a

series of alternative profiles of environmental goods or policies and asked to choose

their most preferred choice (Bateman et al. 2002). These profiles are set out in terms

of the attributes (characteristics) of these goods and policies (Adamowicz

et al. 1994). Usually a monetary value is included as one attribute. Two components

are required to implement a DCE: (a) a statistical design to create the hypothetical

scenarios and (b) a statistical method to analyze the responses (Louviere

et al. 2000). The widely used statistical method of analysis is the multinomial

logit model, which is based on the behavioral assumptions of random utility theory

(McFadden 1974). Fractional factorial designs can be used to reduce the number of

profiles, thereby reducing the cognitive burden faced by the respondents in the

choice experiment (Carson et al. 1994).
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Survey Instrument

The survey instrument for the DCE was developed through focus group discussions

and a mailed survey to environmental NGOs. The attributes and levels chosen for

the DCE are summarized in Table 10.3.

The scenarios created by combining the four attribute and three levels resulted in

81 combinations of possible management actions. Two profiles were combined into

one choice set and respondents were asked to choose one of these two. The data

were collected in personal interviews where each respondent was shown only four

choice sets, out of nine possible choice sets. Each choice set was printed on a

separate colored sheet and laminated. The data was entered into MS EXCEL and

the statistical analysis was undertaken using STATA v.10.

Results and Discussion

10.4 presents the MNL parameter coefficients, their standard errors, and p-values

for each attribute for the entire sample. The respondents assigned the highest

priority to continuing mining (with the existing royalty or an increased royalty)

followed by the establishment of an environmental trust fund. According to

Table 10.4, regarding the regulation and monitoring attribute, respondents accepted

that the present regulations are either weak or inefficient. Also, they perceived that

strict regulations result in bureaucratic inefficiency. They want to continue mining,

Table 10.3 Attributes and levels used in the choice experiment

Attributes Level

Monitoring and regulation Strict regulation, i.e., identify the vulnerable sites and police

them

Contribute to environmental trust fund and continue mining

Status quo, i.e., no contribution to trust fund but continue

mining

Awareness programs for

resource users

By environmental organizations

By the government, i.e., GSMB and local government envi-

ronment officers

Status quo, i.e., no awareness programs

Willingness to pay Reduce by 50 % the amount of sand allowed to be mined with

the current royalty

Increase the royalty by 50 % and increase how much sand can

be mined

Status quo, i.e., no change in amount or royalty

Community-based

management

Apply only for small sites

Comanagement with local government for all sites

Status quo, i.e., no community-based management
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and environmental damage could be corrected via their contribution to an environ-

mental trust fund maintained by the GSMB, but rehabilitation should be done with

the collaboration of local government. The surprising finding is that “no awareness”

is statistically significant in the analysis, implying that local people do not perceive

any tangible benefits from such activities. This is contrary to most arguments

suggesting that providing persuasive instruments is effective in managing this

issue. Another striking finding is that the respondents rejected the awareness pro-

grams conducted by environmental organizations.

It was found that the miners were willing to contribute more to royalties if they

could mine more sand. This implies that they have accepted that the present royalty

should be increased but that they should also benefit. With respect to community-

based management, the respondents were not in favor of being fully managed by

community-based organizations (CBOs). Instead they preferred the involvement of

CBOs with some control by local government, i.e., comanagement.

The part-worth utilities presented are consistent with the field observations made

by the researchers. The field survey showed that respondents placed the highest

priority on continuing the present levels of mining even if it means increasing the

royalty payment. They were not concerned about sustainability due to a lack of

other livelihood opportunities.

The results of the discrete choice experiment suggest that the negative effects

associated with sand mining can be partly mitigated by allocating government

revenue to an environmental trust fund with some level of comanagement. Strict

rules and regulation as well as the awareness programs, as suggested by the media

and environment groups, may not be so effective.

Table 10.4 Estimates of the multinomial logit model

Attributes Level Coefficient SE

P
value

Monitoring and

regulation

Strict rules, regulations, and

monitoring

0.1286 0.4856 0.945

Establishment of ETF 0.6284 0.1910 0.001

Status quo �0.7570 0.5218 0.149

Awareness programs

for resource users

Environmental organizations 0.1023 0.1669 0.540

GSMB and environmental officers �1.0401 0.2793 0.000

No awareness programs 0.9378 0.3254 0.004

Willingness to pay Increase the royalty by 50 % and

increase allowable amount

1.4622 0.3680 0.000

Reduce by 50 % allowable amount

with current royalty

0.1211 0.1427 0.396

No change in royalty or amount �1.5833 0.6946 0.000

Community-based

management

Fully managed by CBM �1.2471 0.4728 0.008

Comanagement with local

government

0.4694 0.1873 0.049

No CBM 0.8777 0.8402 0.297

Log likelihood ¼ �157.51
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Evaluation of Policy Alternatives

Holistic Assessment of Policy Options

Effective management of the environmental issues related to sand extraction is

workable only by linking the activities, interests, and perspectives of all the groups

concerned, including civil society, industry, nongovernment organizations, and

government agencies. Current and potential policy alternatives for river sand

mining were accordingly evaluated holistically using multi-criteria analysis

(MCA), incorporating the assessments of policy options by relevant stakeholders.

Analytical Framework

MCA is a multi-objective decision support technique that uses a set of

predetermined criteria to evaluate policy options. Such models can play an impor-

tant role in environmental management. They have been used in studies of conser-

vation requirements (Cochrane and Zeleny 1973; Voogd 1983; Nijkamp and Van

den Bergh 1990; Ferdinando et al. 2000), marine reserves and mangrove forest

(Gilbert and Janssen 1998; Janssen and Padilla 1999), forestry (Kangas et al. 2001),

and energy system management (Munasinghe 1993).

The simplest MCA model is a weighted summation model. For each manage-

ment option, an “effects table” is first constructed, with scores indicating the

outcome or performance of each option with respect to each criterion. The data

are then normalized for each criterion. Each normalized value is multiplied by its

corresponding relative criterion importance weight, and a total score for each

option is calculated by summing its weighted values. A ranking of options can

then be derived. The evaluation procedure can produce a complete ranking

(A>B>C>D), the best alternative (A> (B,C,D)), a set of acceptable alternatives

((A,B,C)>D) or an incomplete ranking of alternatives (A> (B,C,D) or (A,B)> (C,

D)). Data used in the model can be quantitative, qualitative, and/or monetized.

Specification of the MCA Model

For the present study, DEFINITE, a multi-objective decision support system was

used (Janssen et al. 2001). The system supports the whole decision process from

problem definition to report generation. In DEFINITE, the focus is on methods to

support the choice phase. The results are sensitive to the evaluation method,

uncertainties in scores, weights, and prices used.

The data to populate the model were gathered in two different ways. First, a

survey was mailed to environmental NGOs, to establish the set of management
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alternatives. Second, these were then scored by field engineers attached to GSMB

using expert judgment, expressing the relative performance of the four options in

terms of an effects table.

Management Options

The management alternatives incorporated in the model are described below.

Complete Ban As a consequence of environmental concerns raised by NGOs and

the media, sand mining has been completely banned in certain rivers in Sri Lanka

by the Supreme Court, thanks to public interest litigation. Some institutions, such as

National Water Supply and the Drainage Board, believe that there should be stricter

regulation of some rivers, with a complete ban on sand mining needed considering

its impact on water intake levels.

Restrict Access to Vulnerable Sites This is based on technical classification of

sites. At present all the sites along the Ma Oya River have been technically

evaluated by the GSMB. This approach could be extended to mining sites at

other rivers, and then mining in potentially vulnerable sites would not be allowed.

Do Nothing Currently, although the mining licenses are issued by the GSMB and a

certain level of monitoring is conducted by local government, illegal mining takes

place. Therefore, the “do nothing” option represents a continuation of present

practices.

Environmental Trust Fund With a reduction in sand supply caused by the restric-

tion of access to vulnerable sites, the construction industry would face a serious

sand shortage which would further escalate prices. The current supply cannot be

sustained if damage to the environment is not dealt with. An environmental trust

fund could be used to rehabilitate the environment. Moreover, a trust fund could

finance other environmental protection and natural resource management programs

and promote the use of innovative solutions. Also, it could be used to support

education and training programs related to the protection of the environment.

Community-Based Sand Mining The draft Act on sand mining prepared by the

Ministry of Environment and Natural Resources has identified this option. Permits

would be provided to registered community-based organizations whose member-

ship comprises existing river sand extractors. These community-based organiza-

tions would be assigned single extraction rights for specified extraction zones in

those rivers for which harvest limits are introduced. Each mining zone would be

supported with a single landing site and would be awarded to the community-based

organization for a period of five years, within which an annual extractable quota

would be assigned.
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Evaluation Criteria

Criteria in the model were defined in terms of four policy objectives: ecological,

social, economic and technical.

Under the social criterion, a number of effects were considered. They included

the effects on livelihood, health, loss of residences, cattle rearing, bathing water,

and pollution of drinking water. The economic criteria included the cost of

repairing infrastructure, mine owners’ income, income from crop production,

income of sand vendors, and impacts on inland fisheries. The main environmental

criteria considered were saltwater intrusion, loss of biodiversity, decline in ground-

water levels, imbalance in river flows, and soil quality. The technical criteria

included the use of mining equipment and technology and scale of mining.

Criteria weights were chosen for the social, economic, environmental, and

technical criteria, provided by experts and by stakeholders. In all cases, the respon-

dents placed equal importance on the social, economic and environmental criteria

but relatively less on the technical criterion.

Results

An effects table was compiled, as described above, for each of the three sites. By

way of illustration, the effects table for Site 1 is shown in Table 10.5. The other two

effects tables have not been reproduced here, for reasons of brevity. The effects

tables were used as direct inputs to the analysis using DEFINITE, which yielded

several graphical outputs. Bar charts so obtained were used to interpret the results.

An overall ranking was produced using a combination of expert and stakeholder

weights. Sensitivity analysis was also carried out.

Ranking of Management Alternatives

For the Ma Oya River, a high variation in the performance of management options

under the economic, environmental, and technical criteria was observed. “Do

nothing” appeared to fare best under the economic criterion, while it was the least

preferred option in terms of the social, environmental, and technical criteria. As

expected, a complete ban was the best option under the environmental criterion.

Overall, it was found that continuing the current process with the restriction of

mining at vulnerable sites was the best alternative, followed by the establishment of

an environmental trust fund.

In the evaluation of options for the Mahaweli River, a complete ban was not

included. This is because the Mahaweli is the longest river in Sri Lanka, and it flows
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across a steep enough and big enough land area for there to be no major environ-

mental problems other than overextraction, compared to other rivers.

For this reason, community-based sand mining was incorporated in the analysis.

This particular management option performed well under all the criteria except for

economic and was found to be the best option overall. Identification of vulnerable

sites and the restriction of mining at these sites appeared to be environmentally

more attractive.

Table 10.5 Effects table for the Ma Oya River

Evaluation criteria

Complete

ban

Restrict access

to vulnerable

sites

Make allowance for

environmental trust

fund

Do

nothing

Social

Effect on livelihood � � � + + +

Effect on health + + + + + � �
Loss of residences + + + + �
Water for cattle rearing + + + �
Loss of bathing water + + + + + �
Pollution of drinking water + + + + + �
Economic

Cost of repairing infrastructure + + + + + + + �
Effect on crop production + + + + + 0 �
Income of mine owners � � � � � � + +

Income of laborers � � � � � � + +

Income of sand transporters � � � � � � + +

Income of building material

suppliers (alternatives to sand)

+ + + + + 0 �

Income of building material

suppliers (except alternatives

to sand)

� � � 0 + +

Cost of riverbank conservation + + + + �
Effect on inland fisheries + + + 0 �
Price of sand � � � 0 + +

Environmental

Saltwater intrusion + + 0 �
Loss of biodiversity + + + + �
Loss of riverine vegetation + + + + � �
Decline in groundwater levels + + + + + 0 �
Imbalance in the natural flow

system of rivers

+ + + + �

Quality of soil + + + + + 0 �
Technical

Use of technology + + � � �
Scale of mining + + + + + � � �
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For the Deduru Oya River, there was a high variation in performance between

the management alternatives for sand mining sites. Currently sand mining is banned

in this river by the government, mainly due to environmental concerns. A complete

ban is not economically attractive, so it was not accorded a better social preference,

mainly due to the loss of livelihood that it would entail. Although the analysis

ranked community-based sand mining as the best alternative, there was not a

substantial variation among the management options. The multi-criteria analysis

was clearly capable of accommodating all the dimensions of the key issues (social,

economic, environmental, and technical) and evaluating all the possible manage-

ment options. Scores were obtained from experts and from a group of people who

had environmental concerns and were aware of the issues. Therefore, the results of

the analysis can be treated as a holistic evaluation of potential policies for each of

the rivers studied. Analysis found that there is a wide variation among the alterna-

tives so a single criteria evaluation may fail at field level. Sensitivity analysis did

not result in any major changes in the preceding findings.

Alternative Sources of Sand

Potential Alternatives

If the demand for sand is partly absorbed by other means, subsequent environmental

issues could be mitigated. Four major alternatives to river sand have been identified

in Sri Lanka: offshore sand, land-based sand, dune sand, and quarry dust. Table 10.6

shows the availability these alternatives (Dias et al. 1999).

Of these alternatives, land-based sand has already been used as an alternative to

river sand in landfilling for road construction. A considerable amount of land with

sandy soil is currently cut for property development, so there is potential to use fine

and aggregate land-based sand. However, land-based sand cannot be considered as

a successful alternative to river sand for a number of reasons. For instance, yield

depends on the type of soil and the washing method. Also, the nature of the

aggregate is usually coarse, so land-based sand cannot be used for plastering. In

addition, the environmental impact of using land-based sand has not been assessed,

and there is the possibility that huge pits would be left after digging, creating

environmental hazards similar to that of clay mining. However, studies carried

out at the University of Moratuwa, Sri Lanka, revealed that land-based sand could

be introduced on a project scale, where the unit cost depends on the scale of

operation (Nanayakkara 1999). The cost computation based on a proposed project

that included the cutting and washing of soil found that the price would range

between LKR 1,230–1,500 per cubic meter.

Dune sand is available in Sri Lanka along the northwest coast between Chilaw

and Kalpitiya, across Mannar Island and the Pooneryn Peninsula, along the north-

east coast between Pulmoddai and Point Pedro and on the southeast coast from east
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of Ambalantota to Trincomalee (Nanayakkara 1999). According to a study by

NARESA (1991), an area of 7,500 ha of dune sand is available on the island.

Although dune sand was found to be an appropriate substitute for river sand, the

wider application of dune sand cannot be recommended due to its role in storm

protection, as experienced during the Tsunami of 2004. Also, the quantity of dune

sand available is insignificant in relation to the demand for sand.

Quarry dust is the only non-sand option being considered as a realistic alterna-

tive to river sand. Studies have shown that quarry dust in Sri Lanka is usually

obtained as a by-product of aggregate production and is widely used for the

production of cement blocks. Siriwardana (1992) showed that quarry dust could

be successfully used in making concrete. Although no specific operations are

needed other than crushing, quarry sand is not available at present in significant

amounts. The computation, based on a proposed project, revealed that the end price

ranges between LKR 2,280 and 3,000 per cubic meter, depending upon bulk density

(Nanayakkara 1999).
Offshore sand also has potential as an alternative to river sand. Large sand

reserves in the sea, north of Colombo, have been identified and could supply sand

for the foreseeable future. Although offshore sand mining is a new technology for

Sri Lanka, it has been practiced for decades in many other countries such as India

and the United Kingdom. However, this type of sand is less popular with the

construction industry due to the presence of salt and shells. Previous investigations

of the technology required have shown that the salt content can be altered, leaving

the presence of shells as the only slightly negative factor for the construction

industry.

Three major processes are involved with offshore sand mining as far as cost

component identification is concerned. They are investigation and monitoring

costs, the dredging cost, and the cost at the discharge point. The analysis used

secondary data available at the Sri Lanka Land Reclamation and Development

Corporation (SLLRDC) and the University of Moratuwa, Sri Lanka.

Offshore Sand Mining Process

The economics of offshore sand mining depend on the scale of the dredging

operation in the sand mining locality. As the economy of scale is increased, the

cost of the operation eventually declines; thus large-scale operations can reduce the

unit cost of sand supplied at the stockpile. Trailing suction hopper dredgers

Table 10.6 Alternatives to

sand mining (Dias et al. 1999)
Type of sand Annual availability (approx.)

Offshore sand 31.5 million cu.m

Land-based sand 9.6 million cu.m

Dune sand 0.3 million cu.m.

Quarry dust 9.96 million cu.m

10 Policy Options for Sustainable River Sand Mining in Sri Lanka 217



(TSHDs) have dredging capacities that range from several hundred cubic meters of

sand per day to more than Sri Lanka’s annual requirement of sand in a few weeks.

However, economical rates can only be achieved when the usage time of the

machine is maximized. Therefore, round-the-clock operation of the dredger is

usually preferred. In this analysis, it was assumed that a TSHD with a relatively

small capacity would be operated in Sri Lanka. Moreover, 2-week shifts have been

assumed in order to increase the usage time. Since there is evidence that

unprocessed, sea-dredged, and well-drained fine aggregates with coarse aggregates

have been successfully used in concrete preparation, this analysis assumes that the

offshore sand, after being pumped into discharging bays, would be allowed to drain

for sufficient time and then moved to the stockpiles. It is also assumed that the

drying of the sand is mainly due to draining out the seawater and not due to

evaporation. However, previous experiences also show that there are cases where

processing aggregates have been carried out before usage.

A project on offshore sand dredging should follow a proper seabed investigation.

This investigation should include a bathymetric survey and seabed sampling to

understand the topography and material characteristics of the ocean floor and to

identify possible borrow areas. An EIA would also have to be carried out. Costs of

offshore sand mining have been estimated using records available from the Sri

Lanka Land Reclamation and Development Corporation. The cost per cube is

3,447.86 LKR, and the selling price is 3,800 LKR per cube after the inclusion of

a profit margin.

The current tender prices of offshore sand are shown in Table 10.7. The price in

Colombo without the transport cost is in the range of LKR 3,900–4,900 per cube.

With a reasonable (depending on the distance) transport cost, the offshore sand

price at a construction site is in the range of LKR 5,900 and 7,900 per cube. The

price of the sand at the river sites varies from about LKR 1,200 to 2,100 per cube

during the dry season, while the price at the construction site with the transportation

cost ranges between LKR 6,000 and 7,000 per cube depending upon the season.

Since the difference is marginal, offshore sand appears to be the best alternative to

river sand. Currently offshore sand is mainly available in the suburbs of Colombo

(Western Province) so a reasonable fraction of the total sand requirement could be

replaced by offshore sand. (Currently 40 % of the sand demand is created by the

construction boom in Western Province.) Increased use of offshore sand would

reduce the pressures on the Kelani and Ma Oya rivers, which are the main suppliers

of sand to Western Province.

Stakeholder discussions revealed that there are a number of limitations to

offshore sand as an alternative to river sand. These include: the need for a large

initial investment, so traditional industries may be reluctant to enter into the

business; the traditional thinking of construction companies that believe that river

sand is the best kind of sand; the possibility of the presence of chlorides and shells

that may affect workability, permeability and the durability of buildings; and high

transportation costs to the interior from the shore. Moreover, the offshore sand price

is sensitive to the scale of operation so there needs to be an assured demand before

the business can be undertaken by firms.
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This implies a need for policies and other awareness activities to promote the use

of offshore sand. If the government declares that all large development projects

(i.e., highway construction, airports, harbors, etc.) must use offshore sand, then the

industry can be initially sustained. Also, the government could use regulation to

persuade all large private sector construction projects to move from using river sand

to using offshore sand. Of the total sand demand, 88 % comes from home building

and other construction which is usually advised by architects and engineers.

Therefore, effective awareness and promotional programs that have the support

of existing organizations such as the Institute for Construction Training and Devel-

opment (ICTAD), the Chamber of Construction, and the Sri Lanka Institute of

Engineers could be launched to familiarize the marketplace with offshore sand.

Moreover, if necessary, the implementation of a subsidiary scheme at the beginning

might be helpful to move constructors toward offshore sand. Once offshore sand

has become widely accepted, these campaigns and the reduced price level can be

terminated. Offshore sand can then be competitively supplied to the market.

Potential Negative Externalities Associated with Offshore
Sand Mining

A number of potential environmental impacts have been cited. One key impact is

increased turbidity which has a negative effect on the marine ecosystem, fauna, and

benthic colonies, partly due to the overflow from dredging canals. This could be

minimized by filling hoppers to safe levels and monitoring the hoses to prevent

leaks and restricting dredging operations during the inter monsoon and northern

monsoon period, i.e., when the sea is calm. A large number of fish species are

present in the pelagic waters of the existing environment for offshore sand mining.

These commercially important fish species are commonly found in western coastal

waters. However, on the west coast, where offshore sand mining would be initiated,

none of the phytoplankton or zooplankton species is endemic, threatened, or

endangered. There could be some biological impacts due to stockpiling, but this

can be ignored because a huge area is still available as a conservation zone and an

urban buffer zone.

A number of registered fisherman associations and cooperatives exist in the area.

Marine and lagoon fishing and the fish processing industry provide a major income

Table 10.7 Offshore sand tender prices without transportation (per cube) (Source: Paper adver-

tisement by Sri Lanka Land Reclamation and Development Corporation, August 2009)

Places Prices

Wattala and Ja-Ela (Muthurajawela) 3,900.00

Kelaniya, Kiribathgoda 4,600.00

Colombo and suburban 4,900.00

Average price 4,466.67
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for a substantial segment of the population within this area. The major social

impacts of offshore sand mining are damage to fishing nets and fishing craft, a

reduction in the fish population, obstructions to laying nets, and damage to prawn

grounds. These impacts could be mitigated by completing dredging operations in

the shortest possible time, and providing fishermen with information about the

dredging period and the area of mining activities. There would be no substantial

difficulty due to salinity or the turbidity of surface or groundwater because it is not

used for drinking and commercial purposes. The transportation of the sand could

avoid the main periods of traffic in order to prevent congestion on roads.

Offshore sand may contain approximately 12 % shell content. At the dredging

stage, sand should be monitored to remove particles larger than 10 mm in size. To

reach the acceptable chlorine content (0.075 %), the sand stockpile could be

exposed to monsoon rains and would not need supplementary washing.

National Environmental Regulation No. 01 (1993) indicates that all offshore

mining and mineral extraction processes need to be environmentally screened.

There are two methods of screening: an Initial Environmental Examination (IEE)

or an Environmental Impact Assessment (EIA). As part of this procedure, the

Project Proponent (PP) needs to submit preliminary information to a Project

Approving Agency (PAA) such as the Central Environmental Authority (CEA).

After submitting information to environmental scoping, the PP should be given

Terms of Reference (TOR) for an Environmental Impact Assessment Report

(EIAR). In addition, approval from the GSMB is needed for an exploration license

for offshore mining and an industrial mining license is needed for the extraction of

offshore sand. Approval from the Coastal Conservation Department is required in

order to lay pipelines through a defined coastal zone, and also approval from the

Marine Pollution Protection Agency is necessary for the removal of ship-generated

waste. The authorities allow dredging at selected sites located 20 km offshore at a

water depth of over 15 m.

Conclusions and Recommendations

River sand is an open access resource, and conventional attempts to convert this

into private property by quotas and tariffs have not been effective, mainly due to

institutional failures related to monitoring and regulation. In Sri Lanka, a third of

the supply that caters for the current demand of sand is met by illegal means, thus

creating environmental problems. Based on the findings of the study, the following

recommendations can be made.

Market prices of river sand do not reflect any of the social costs. Therefore, it is

suggested that the GSMB should take an active role in assessing sand availability,

i.e., the preparation of a sand management plan for all potential sand sites. With the

support of the law enforcement authorities, mining of sand from vulnerable sites

should be completely banned and monitored.
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The royalty payments and land rent collected by GSMB and local government

have remained at very low levels. However, during the last few years, the price of

sand has increased at least fourfold – this increase has not been passed on to the

government. The increasing costs of environmental rehabilitation due to the

overexploitation of sand resources have been borne by government institutions.

In analyzing the preferences, it was found that miners are willing to contribute more

to the royalty given to the government in order to continue sand mining. The results

of the discrete choice experiment further suggest that the negative effects associated

with sand mining could be partly mitigated by increasing government revenue

toward an environmental trust fund, with some level of comanagement. Strict

rules and regulation as well as awareness programs, as suggested by the media

and environmental groups, may not be productive, according to the perceptions of

miners.

The evaluation of management alternatives based on expert views gave consis-

tent results. For the Ma Oya River, where there are more than 70 sand mining sites,

the restriction of access to vulnerable sites was found to be the best option, followed

by the establishment of an environmental trust fund. Community-based manage-

ment was found to be the best option for the Mahaweli and Deduru Oya rivers.

Offshore sand was found to be the best alternative to river sand. In Sri Lanka, the

construction industry in Western Province is responsible for 40 % of the total sand

demand. If this river sand were to be replaced by a reasonable amount of offshore

sand, then the immediate pressures on rivers could be mitigated. However, there is

less preference for offshore sand and its price is slightly high. Action is needed to

move the construction industry toward the use of offshore sand, which would

absorb part of the demand for river sand, especially in Western Province.

As shown in the analysis, at present the price of offshore sand is slightly higher

than that of river sand. Moreover, there is less preference for offshore sand due to

the possibility of the presence of shells and chlorides. Prices could be brought down

by expanding the size of offshore sand operations because offshore dredging is

sensitive to economy of scale. This could be achieved by the creation of demand for

offshore sand by increasing awareness of the benefits of offshore sand with engi-

neers, architects, and other craftsmen. The existing Mines and Minerals Act

No. 33 (1992) could be amended so that the use of offshore sand is compulsory

for large construction projects and landfilling.

A river sand tax could be introduced in order to encourage the construction

industry to move toward the use of offshore sand. This tax should make offshore

sand cheaper than river sand. It could be easily computed using the Bill of

Quantities (BOQs) prepared by architects and engineers. The payments could be

collected at the BOQ approval stage by the relevant authority, i.e., municipal

councils.
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Part IV

Protected Areas



Chapter 11

A Cost-Benefit Analysis of Ecotourism: A
Case Study of Xe Pian National Protected
Area, Champasak Province, Lao PDR

Malabou Baylatry, Sivannakone Malivarn, and Philayvanh Viravouth

Abstract The tourism sector in Lao PDR is growing rapidly, especially ecotour-

ism. The Government of Lao PDR is attempting to implement ecotourism within

protected areas across the country as a means of protecting natural resources,

reducing poverty, and encouraging local sustainable development. This study

contains a cost-benefit analysis of a project designed to promote ecotourism in

the Xe Pian National Protected Area (NPA). Two scenarios are evaluated: first, the

status quo, in which no additional investments to promote ecotourism are under-

taken, and, second, the ecotourism project for Xe Pian NPA. The latter scenario

involves major investments to encourage community participation in sustainable

tourism, agriculture, and forest management and protection.

A net present value of $ 1.8 million was obtained for the status quo scenario

using a 10 % discount rate and 10-year planning horizon. The ecotourism scenario

results in an NPV of $ 6.7 million and a benefit-cost ratio of 2.84. The results clearly

indicate that the ecotourism project can generate greater net benefits for society

than the status quo. The study identifies three main issues that need to be addressed

in order to promote ecotourism in Xe Pian: weak enforcement of conservation

regulations, limited funding resulting in ineffective management of National

Protected Areas, and the need to adopt a community-based tourism approach.

Further more detailed recommendations are offered by the authors for policy

planners in the Government of Laos, as well as the project’s administrative bodies.
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Background

Ecotourism and Economic Development

Tourism is one of the largest and rapidly expanding global economic activities,

contributing to high rates of economic growth and development in host countries,

significant foreign currency inflows, infrastructure development, and the introduc-

tion of new management and educational experiences that support relevant sectors

of the economy and promote the social and economic development of a country as a

whole (Mirbabayev and Shagazatova 2006).

Tourism can be subdivided into two broad categories: conventional mass tour-

ism which will continue to dominate the industry and alternative tourism. Alterna-

tive forms of tourism typically are small scale, have low density and attempt to

attract a special segment of society, namely, tourists with above-average incomes

and higher education. Alternative forms of tourism can be defined as cultural,

educational, scientific, adventure, and agritourism or green tourism (Mieczkowski

1995). Ecotourism’s main characteristic is that it is nature oriented and nature

based, but not always exclusively conducted in a wilderness surrounding. Thus,

ecotourism may overlap with other forms of alternative tourism. As such, it can

play an important role in achieving the general objective of ecologically sustainable

economic development.

Rich biodiversity and unique natural areas within developing countries actively

encourage tourism by domestic and international visitors. At the same time, it is

recognized that tourism can also produce serious adverse environmental impacts.

Social scientists and decision-makers accordingly are seeking alternatives to con-

ventional mass tourism and the dramatic expansion of highly organized package

tours. Community-based ecotourism is one of the most environmentally compatible

alternatives for the economic use of land resources in developing countries, with the

hope of minimizing negative ecological and sociocultural impacts of visitors at

recreational locations.

Tourism in Lao PDR

After Lao PDR opened the country to international tourists in the early 1990s, the

country has welcomed more than two million visitors. The number of visitors to

Lao PDR increased continuously from 1996 with an average growth rate of 20.53 %

per year. Tourist arrivals to Laos continued to increase in 2009, exceeding two

million and generating a total revenue of US $268 m, despite political instability in

some countries in the region and the world economic turmoil that affected the

whole region. The Lao National Tourism Administration predicted that total reve-

nue from tourism in Lao PDR would be almost $400 million in 2011, generated by

more than 2.6 million visitors.
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Ecotourism has become an important economic activity in Lao PDR, and the

country is now widely recognized as an ecotourism destination. Culture- and

nature-based tourism as well as ecotourism has accounted for more than half of

the total revenue of the entire Lao tourism industry. The Government considers

ecotourism to be an effective means of generating income for local people and

raising awareness of environmental conservation, encouraging local production,

and protecting multiethnic culture and traditions (Harrison and Schipani 2007). In

2008, Lao PDR was named by the New York Times as the number one vacation

destination. The National Tourism Authority of Lao PDR has stated that “Laos will

become a world renowned destination specializing in forms of sustainable tourism

that, through partnership and cooperation, benefit natural and cultural heritage

conservation, local socio-economic development, and spread knowledge of Laos’
unique cultural heritage around the world.”

Ecotourism in Lao PDR has generated significant financial benefits and has

offered relevant stakeholders, particularly local people and land use planners, a

broader perspective on an alternative livelihood that is already taking place on

forest land.

Xe Pian NPA

In 1993, the Government of Lao PDR declared 18 areas throughout the country as

“National Protected Areas” (NPAs). This declaration was set out in Prime Minis-

ter’s Decree No. 164/PM on Stating National Forestry Reservation over the Coun-
try (29 October 1993). The goals of the NPA system are (1) protection of forests,

wildlife, and water, (2) maintenance of natural abundance and environmental

stability, and (3) protection of natural beauty for leisure and research.

Xe Pian NPA was one of the areas declared under Prime Ministerial Decree

No. 164/PM. It is located in Champasak and Attapeu provinces in southern Laos,

with a total area of 240,000 ha. Much of the land is gently rolling, covered mainly

by semievergreen forest. The northern part of the park borders with Kele and Phon

Ngam villages and this area contains several large marshy wetlands. The southern

boundary borders with Cambodia. The eastern boundary runs between Champasak

and Attapeu provinces. The western edge joins with Houay Mesang village and

Khmer state line.

The characteristics of Xe Pian NPA make it highly suited for the development of

ecotourism. The area is endowed with 39 mammals, 44 reptiles, 21 amphibians, and

176 fish species. Biodiversity values of Xe Pian place it in the top third of Lao NPAs

and in the top ten in Southeast Asia.
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Impacts of Human Activity in Xe Pian NPA

Population has grown rapidly inside and outside Xe Pian NPA. There are 69 villages

within Xe Pian NPA and 48 villages located around the park’s boundary with a total
population in excess of 20,000 people. Enormous pressure has been placed on Xe

Pian NPA (National Statistic Centre Laos 2009). Local people belonging to Brau,

Su, and Lao ethnic groups, especially the poor, have occupied Xe Pian NPA for at

least 200 years, practicing a subsistence lifestyle based on paddy farming and

shifting cultivation; fishing in small wetlands; hunting; and collecting forest

resources for food, medicine, and building materials for their daily consumption

and/or for commercial purposes.

The general disturbance of habitats and wildlife by human activities, as well as

the construction and upgrading of road on the north side of the NPA, has led to

unsustainable resource use. Inadequate management capacity and human resources

have led to deforestation in the area, unsustainable resource use, and overharvesting

of non-timber forest products (NTFPs). In 1993, the IUCN reported a large elephant

population and also found evidence of many muntjac, wild pig, sambar, mouse

deer, otter, gray langur, gaur, banteng, tiger, dhole, civets, sun bear, and black bear

in Xe Pian NPA. Gibbons were reported living in high densities in semievergreen

forest. However, in 2005/2006, according to a survey of Xe Pian NPA conducted by

World Wildlife Fund (WWF), dramatic declines have occurred in areas that previ-

ously had rich wildlife populations. Pangolins were reported to be very common in

local markets. No elephants were found even at salt licks, indicating a very low

population. No tracks or signs of tigers or leopards were found throughout the

survey. Gaur and sambar were at very low densities, although muntjac and wild pig

appeared to be common.

To protect Xe Pian NPA, fences and guards are needed to control rural people in

the reserve area. From 1998 to 2002, no funding was available to set up a

monitoring and management system. It is estimated that the monitoring process

in Xe Pian NPA requires 600 man-days a year, or US$ 3 per hectare of forest

habitat, and no funds exist to provide this level of support (Poulsen and Luanglath

2005).

Prospects for Ecotourism in Xe Pian NPA

Xe Pian people as well as the government clearly need to take action to reduce

adverse impacts on the environment and encourage a pattern of development that is

consistent with the general policies of the Government of Lao PDR. According to

the government’s policies, “development” in NPAs does not refer to large projects

such as mining and dams but rather to improvement in the livelihoods of local

people. Ecotourism development in NPAs, if carefully planned and managed, and
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introduced with the participation of and benefits to key local stakeholders, can

contribute both to the national economy and to NPA management.

Aims of the Study

Research Objectives

The main objective of the study has been to conduct an economic analysis of

ecotourism in Xe Pian NPA, applying the methods of environmental economics

to provide sound information to Lao policy-makers regarding the benefits of

sustainable ecotourism to local communities. By conducting a CBA of possible

state investment in ecotourism for five villages in Pathoumphone district (Kiat

Ngong, Pha Pho, Pha Lai, Ta Ong, and Ngong Ping), it is hoped that the study

will help to fill important gaps in knowledge and lead to improved policy formu-

lation and decision-making. More specific objectives of the study are as follows:

• To assess the current situation and trends of ecotourism in the study area

• To identify existing policies, action plan, programs, projects, legislation, and

measures in place supporting ecotourism development

• To identify and classify possible negative socioeconomic and environmental

impacts from ecotourism development

• To analyze the costs and benefits of promoting ecotourism activities in National

Protected Areas and identify measures to reduce undesirable impacts

Research Questions

The authors of study have investigated the general question or whether a 10-year

ecotourism project in Xe Pian NPA would result in private gains but also whether

negative externalities associated with adverse environmental effects might out-

weigh the collective benefits of Xe Pian communities. The major research questions

accordingly are as follows:

• What is the current situation and what are the trends regarding ecotourism in Xe

Pian NPA?

• What are the existing policies, action plans, programs, projects, and legislation

relating to Xe Pian NPA to support ecotourism development?

• What are the expected adverse socioeconomic and environmental impacts

resulting from ecotourism development?

• What is the distribution of costs and benefits to local communities and local

government managing the park?
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• What measures might be introduced to reduce potential negative impacts of

ecotourism?

Methodology

Framework for Analysis

Cost-benefit analysis (CBA) was selected as the appropriate framework through

which to conduct the economic analysis. Two scenarios dealing with local com-

munities were assessed: a business-as-usual (BAU) scenario and a second scenario

in which an ecotourism project is introduced in Xe Pian NPA. The following

assumptions were adopted:

• The planning period assumed for the ecotourism project is 10 years. This pre-

sumes that a 10-year period is long enough to highlight all of the consequences

of changes in land use to promote community-based ecotourism, including

evidence that the project may yield significant benefits to local communities

and improve their financial sustainability. Local stakeholders and communities

living in and around Xe Pian NPA should have an opportunity to gain a clearer

understanding of ecotourism policy and regulatory mechanisms during that time.

In addition, they may be more actively involved in the planning and manage-

ment of the protected area, especially in relation to ecotourism.

• The estimated total amount of funding available to invest in the project is $1.3
million, comprising $1.2 million for improving ecotourism facilities and

$85,000 to cover training expenses during the project.

• US dollars are used to monetize all values in the calculations. The exchange rate

is one US dollar per 8,027 kip (2011).

• To calculate the economic net present value (NPV) of the project, a discount rate

of 10 % is used, representing the opportunity cost of capital invested.

Steps in the CBA

Nine steps were taken in carrying out the CBA:

Step 1: Define the Referent Groups

The two main referent groups are (1) the local people in Xe Pian NPA and (2) the

local government. These two groups are the main ones involved in implementing

the project.
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Step 2: Select the Portfolio of Project Options

There are two scenarios. Scenario 1 is a base-case scenario in which there is no

intervention by public authorities other than that under normal conditions. Scenario
2 is the ecotourism scenario in which extra conditions and measures are imposed for

environmental protection and conservation of natural resources. Obtaining data for

each scenario was possible as there are two different kinds of households within the

study area: households practicing conventional agriculture and exploitation of the

forest and other households already engaged in ecotourism activities. The revenue

from ecotourism in Xe Pian NPA is assumed to be generated by an entrance fee and

license or permit fee.

Step 3: Identify Potential Impacts of the Project

Impacts refer to all inputs and outputs. Inputs are usually costs such as those for

improving facilities, training, and so on. Outputs are mainly benefits, but sometimes

it can comprise costs, such as those associated with adverse environmental impacts.

The positives and negatives to villagers and the park authority for each of the

scenarios vary.

Under the base-case scenario, Xe Pian NPA is assumed to be managed inade-

quately, due to limited budgetary resources. The majority of protected areas in

Laos, especially Xe Pian, are suffering from a shortage of funding, leading to the

degradation of natural resources in protected areas. Kyophilavong (2009) has

estimated the cost for management and protection of Xe Pian NPA as approxi-

mately $148,800 per year. Moreover, the park management is required to address

the cost of deforestation, loss of forest existence value, cost of CO2 emissions, and

soil erosion without receiving any benefit. For local communities, costs include a

loss of forest products such as timber and NTFPs, as well as the cost of conducting

agriculture, fishing, and forestry-related activities. Xe Pian communities are almost

all subsistence rice farmers who depend heavily on natural resources in the

protected area to secure a balanced diet and building materials. The most important

products for the local population are malva nut fruits from the malva nut tree

(Scaphium macropodum).
Under the ecotourism project, local villagers have substantial control over, and

involvement in, its development and management. A major proportion of the

benefits remain within the community. Additionally, the project has the potential

to create an alternative source of income to Xe Pian NPA, such as ecotourism

revenue, CO2 credits, and reserve forest value.
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Step 4: Quantify the Outputs and Impacts

For the base-case scenario, the following estimates or assumptions were made

regarding the quantification of outputs and impacts. At the site selected for the

study, the deforestation rate is 1.12 % per year, with forest clearing amounting to

18 ha per year. CO2 emissions are estimated at 1,984 t per year. The loss in forest

value is $385 per ha per year. Prevention of soil erosion involves an expenditure of

$644 per ha per year. By contrast, the ecotourism project will assist all stakeholders

to increase their capacity to implement conservation practices and better handle the

potential positive and negative impacts of tourism. Accordingly, the project is

expected to minimize external and internal pressures on the forest.

Step 5: Monetize the Outputs and Impacts

In this step, all impacts are valued in monetary units, so that costs and benefits can

be compared. Generally, many of the environmental goods and services associated

with the protected area are not traded in the market, so prices do not exist to use as

reference values. For the purpose of the study, various indirect valuation methods

have been adopted in order to derive the monetary values used in the calculations.

In particular, the benefit transfer approach was applied to estimate the cost of soil

erosion, carbon sequestration, and the existence value of the forest.

Soil erosion is a serious environmental problem in mountainous region of Laos.

It is caused by wind, water, human activity, and animals, and it represents a serious

threat to sustainable agriculture. Some areas in the region experience high levels of

soil erosion because of high rainfall. There is an acute need to undertake actions to

restore vegetation cover, including building gabions and other soil erosion preven-

tion strategies. Erosion leads to a decline in soil fertility and lower land productivity

in affected areas. In the study, the cost of soil erosion was estimated at $644 per ha

per year.

To estimate the value of carbon stocks, it was assumed that carbon stocks per ha

of forest would be 112 t/C/ha (Brown and Pearce 1994). A conservative estimate of

$5 t/C was used in the study, implying that conversion of forest due to expanding

agriculture would involve a loss of stored carbon value amounting to $558 per

ha. Based on a study by Rosales et al. (2005), the existence value of the forest was

estimated at $385 per ha per year.

Step 6: Calculate NPV, BCR, and IRR

The NPV, BCR, and IRR of the ecotourism project are calculated using the standard

formulae for these evaluation criteria. All values for the project are compared with

those of the base-case scenario.
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Step 7: Describe the Distribution of Costs and Benefits

Under the base-case scenario, villagers would be the “winners” in the short run. The

general community, however, would be the “losers” due to resource degradation

and the costs associated with adverse externalities that are generated. Ecotourism

has been hailed as a win-win proposition for conservation, the host country, the

traveler, and the industry. The main achievement of the project would be an

improvement in the well-being of residents within the five villages covered by

the study, resulting from gains to the local economies and reduced pressure on

forest resources. An improvement in animal habitat can also be expected, as

villagers often report poaching, logging, and hunting to the authorities. In this

way, the task faced by local government is made easier and local government

benefits as a result.

Step 8: Perform Sensitivity Analysis

Sensitivity analysis is applied to assess uncertainty surrounding the assumptions

relating to predictions of variables and their future values in the economic evalu-

ation (Folmer and Gabel 1998). Ecosystems typically are complex, so it can be

difficult to predict changes in physical impacts as well as responses and the adaptive

behavior of social and economic agents. In the study, different assumptions are

tested in terms of their effects on NPV.

Step 9: Make Recommendations

Documenting the main findings of the study and offering policy recommendations

is the last step in conducting the CBA. Scenarios are ranked in terms of their net

benefits, and the scenario is recommended on economic grounds that has the

greatest net benefit. Other recommendations are also made relating to management

of the protected area.

Data Collection

Primary Data Collection

Primary data were collected from three separate groups. The first two groups were

chosen as target groups to address quantitative aspects of the study. The third group

was consulted using in-depth interviews to collect more general information relat-

ing to the study site.

Group 1 comprises five target villages: Kiat Ngong, Pha Pho, Pha Lai, Ta Ong,

and Ngong Ping. These villages are located in the soft adventure zone. Face-to-face
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interviews, involving a sample of 135 households, were conducted with local

residents to determine who might be involved in ecotourism activities. This group

potentially represents the gainers from the ecotourism project. Information pro-

vided by this group assisted in evaluating the direct costs and benefits of the

ecotourism project.

Group 2 comprises farmers not involved in tourism, living in the five villages.

Face-to-face interviews were also used in this task. This group was selected to

predict the circumstances without the project. The research team randomly sur-

veyed 135 households.

Group 3 includes key informants whose working mandates involve management

and administrative responsibilities with Xe Pian NPA communities. Among the

people who provided information for the analysis of this study through in-depth

interviews were the Xe Pian NPA Management Unit, who has managed Xe Pian

Park, and village headmen of the five target villages.

Secondary Data Collection

Secondary data was collected from various sources and in-depth interviews with

relevant bodies and government agencies. They included Lao National Tourism

Administration, Champasak Provincial Tourism Department, Pathoumphone Dis-

trict Tourism Office, Laos World Wildlife Fund, Xe Pian National Protected Area

Management Unit, Pathoumphone District Agricultural and Forestry Office,

Champasak Provincial Water Resources and Environment Office, and Department

of Planning and Investment, Champasak Province.

Description of Study Area

Study Site

The study area is in Pathoumphone district in Champasak Province. The villages of

Kiat Ngong, Pha Pho, Pha Lai, Ngong Ping, and Ta Ong were chosen for the study

as these represent the nearest locations from Pakse township and the usual departure

points for most foreign trekkers and ecotourists. The site can be reached by buses,

vans, and trucks. Kiat Ngong is about 1 h travel from Pakse via rough road. From

Kiat Ngong to Pha Pho, it takes about 30 min, and reaching Pha Lai takes an extra

hour. From Pha Lai to Ngong Ping and Ta Ong, the access is a quite difficult trail,

and it takes at least an hour to reach each place by its local transport such as boat

(available in the rainy season), bicycle, motorbike, tractor, or walking.
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Villages in Study Area

Kiat Ngong Village

Kiat Ngong is one of 21 villages located inside Xe Pian National Park. It is located

approximately 70 m above sea level, occupying an area of 7,392 ha. The landscape

is diverse, with forested mountains, upland plateaus, and lowland plains along the

Mekong River. Its territory borders the 18th Km road to the north, Xe Pian NPA to

the south, Kale and Pha Pho village to the east, and Ta Tooh village to the west.

There are 215 households in the village, with a total population of 1,007. Based on

the village statistics for 2000, the settlement covers an area of 90 ha. The area under

rural production covers 197 ha. Forest comprises 5,893 ha. Kiat Ngong is well

known for its elephant rides to Phou Asa mountain and boat trips at Kiat Ngong

wetland for bird watching.

Pha Pho Village

Pha Pho village was established in 1310 on lowland in Xe Pian NPA. The total area

comprises 597 ha of which settlement covers 90 ha, paddy fields 209 ha, and the rest

is forest. Its population numbers 1,628. There are presently 339 households in the

area. Of these, 171 have an electricity service, 23 lack electricity, and 86 obtain

electricity from generators. The site is famous for elephant walks and trekking to

Pha Lai village. In addition, Pha Pho is a focal point or coordinated tours involving

three other villages: Pha Lai, Ngong Ping, and Ta Ong. Pha Pho provides package

tours for visitors to experience the natural beauty associated with the three villages.

Pha Lai Village

Pha Lai village was established in 1510 before the declaration of the protected area.

The total area available to the village is 3,432 ha. Settlement covers an area of 7 ha,

rural production 145 ha, and forest 2,849 ha. The total population is 1,734, with

309 families and 268 houses. The richest households number is 14, rich households

27, better-off households 208, and poor households 19. Pha Lai has no electricity

service, so 244 houses lack electricity and only 24 houses use generators to obtain

electricity.

Ngong Ping Village

Ngong Ping village has a total area of 10,043 ha including 28.20 ha of paddy fields,

4.09 ha of construction area, 137.89 ha of agriculture, 4.68 ha of citrus plantation,

5 ha of graveyard, 175.78 ha of production forest area, and 9,687.36 ha of protected
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area. Ngong Ping village borders with Pha Lai village to the north, Phak Ka and

Phon Gnam villages to the west, Ta Ong and Ta Wang village to the east, and Xe

Pian NPA to the south.

Ta Ong Village

Ta Ong is located in a remote area of Xe Pian NPA. It is 61 km from Pakse

township. There is only one dirt trail to access the village, but an alternative is

trekking. Ta Ong borders Ngong Ping and Ta Wang at the northern part, and Kong

district to the south. The total area comprises 24,912.95 ha including 23,993 ha of

protected area, 750 ha of production forest, 150 ha of agriculture, 35 ha of paddy

fields, and 1.34 ha of settlement. The majority of the village’s inhabitants belong to
the Brao ethnic group, while the Lao group comprises 20 %.

Demographic Characteristics

The survey results revealed that the average age of respondents was 45.9 years.

There was no significant difference among the household groups. One in two of the

respondents had finished primary school, while a quarter had no opportunity to

attend school due to war and living in a rural area. Only few respondents had

finished secondary or high school.

Most of the villagers surveyed were male and the majority surveyed were

farmers. In order to earn sufficient income, local people engage in extra activities

such as running a grocery store, collecting NTFPs, and raising livestock. The

average sources of income comprised cereals (32 %), ecotourism (14 %), natural

products (12 %), livestock grazing (11 %), vegetables (8 %), nonfarm employment

(10 %), and other activities (13 %). Xe Pian villagers have larger families and own

more land than average. The average family size is 5.8 persons per household. On

average, a household owns 1.2 ha to produce rice and cash crops. The average

income per household was estimated at $544 per year. Generally, both ecotourism

and non-ecotourism groups have similar household economic characteristics. The

ecotourism group owned more fixed assets than the non-ecotourism group, includ-

ing televisions, tractors, mobile phones, bicycles, motorbikes, and a car or van.

Both groups have similar monthly expenditures: $40 per person for the ecotourism

group and $34 per person for the non-ecotourism group.

Land Use

Land use at the sites surveyed usually included areas of rice production, other cash

crops, teak plantation, citrus, and forest. For rice production, a typical estimate of
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gross revenue is $569,411 per year, from an area of 605 ha. Production costs,

excluding the value of family labor, are $224,205 equivalent to $370 per ha. Only a
small percentage of rice farmers use chemical fertilizers.

Other cash crops that people grow include coffee, cabbage, chili, and long bean.

Gross revenue from other cash crops is $128,473 per year and total costs are

$18,750 per year. Chemical fertilizers are not used by villagers for these other

crops.

Forest Use

Forests are a source of construction material for households, particularly timber.

Most households collect 2–4 m3 to repair their houses. In the study area, the total

volume of wood collected amounted to 120 m3 with an equivalent market value of

$2,990. Net value after deducting labor cost, transportation, and marketing costs is

estimated at $2,000 equivalent to $66 per ha per year.

One of the main use values for the forest for almost all the members of the

community is malva nuts, which villagers sell to Vietnamese and Chinese mer-

chants. A large amount of effort is used in their collection. The estimated total

quantity collected is 2,250 kg per year, with a market value of $11,144 per year. Net
returns, after deducting collection and marketing costs, are $9,144 per year.

Water for Domestic Consumption

In the study area, there is no water supply for domestic consumption. Water use in

Xe Pian NPA comes primarily from streams, ponds, boreholes, wells, and rainwa-

ter. Supply is not available all year round and the months of shortage are usually

between March and May. Water supply for rice production is from rainfall and

wells. Most of the people who live in Kiat Ngong and Pha Pho villages are better-

off households. Their water source is mainly from borehole and well. Other

inhabitants draw water from a nearby stream.

Forest Management Regulations

Ministerial Decree 164/PM contains a number of general legal restrictions on

activities that can be conducted in the protected area. The area is also managed

under relevant national and provincial laws. They include Decree No.185/CCM on

the Prohibition of Wildlife Trade (21 October 1986); Decree No.118/CCM of the

Council ofMinisters on theManagement and Protection ofWild Animals, Fisheries,

Hunting and Fishing (5 October 1989); Instructions for the Implementation of
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Decree No. 118; Decree No.169/PM of the Prime Minister on the Management

and Use of Forests and Forest Land (3 November 1993); Decree No.1074/MAF

Introducing Wildlife Conservation (11 September 1996); and The Forestry Law

No. 01-96 (11 October 1996).

National conservation policies relating to Xe Pian NPA are formulated by the

Department of Forestry and disseminated to provinces and NPAs by the Division of

Forest Resources Conservation. The main management agency is the Xe Pian

Protected Area Management Unit which operates within the Agriculture and

Forestry Office (PAFO) for Champasak Province, with extensions situated in the

relevant District Agriculture and Forestry Offices (DAFO).

Base-Case Scenario

General Assumptions

The base-case scenario focuses on the conditions that are expected to prevail over

the next 10 years in the absence of the ecotourism project and is constructed from

information provided by villagers who do not engage in tourism activities. The

local government maintains its established responsibilities and performs its usual

functions in relation to logging problems, poaching, forest fires, and so forth.

Villagers are predicted to rely increasingly on natural resources in the area, making

their behavior difficult to control because fewer people will be inclined to cooperate

with forest conservation objectives. Benefits are assumed to continue for villagers

over the 10-year period as they engage in rice production and other cultivation,

overfishing, overcutting of timber, and over-harvesting of NTFPs.

The Ecotourism Project

Ecotourism in Champasak Province

The tourism sector in Champasak Province has grown strongly, expanding each

year. One of the main reasons is that the Government of Lao PDR has targeted

tourism as a high priority in provincial development policy. Moreover, Champasak

has good facilities and infrastructure to support tourism, including good telecom-

munications systems, water supply, electricity, and roads.

Champasak Province represents the third largest tourism market in Lao PDR

after Luang Prabang and Vientiane, attracting 10 % of the country’s total visitors. A
great opportunity exists for Xe Pian NPA to become a major tourist attraction in the

region, with proper development of its natural and cultural attractions.
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Ecotourism in Xe Pian NPA

Xe Pian NPA is one of the most important tourist destinations within Champasak

Province. It will continue to attract greater numbers of tourists as ecotourism grows

within the whole country. With proper development, it should be possible to

achieve conservation objectives through comanagement involving local

communities.

The ecotourism demand in Xe Pian NPA is international or non-regional with a

small percentage of domestic tourists. International or non-regional tourists visiting

Xe Pian NPA travel in packaged tour groups or independently. The four major

nationalities that represent this market are all European: France (50 %), Belgium

(7 %), Switzerland (4 %), and Spain (3 %). Domestic tourists account for only 1 %.

The average length of stay in Xe Pian NPA is one day. Most tourists do not stay

overnight. The average amount of money spent by each tourist while in local

villages is $18.
Among the five target villages selected for the study, Kiat Ngong has been the

most successful in implementing ecotourism. It has already benefited from a project

introduced by the World Wildlife Fund (WWF) Laos in 1997. Broad participation

in tourism by villagers is excellent, the distribution of benefits from tourism is

widespread, and the activity contributes significantly to the alleviation of poverty in

Xe Pian NPA. Basic infrastructure for ecotourism in Xe Pian NPA is established.

Training to support ecotourism has been undertaken. Mechanisms for generating

revenues from ecotourism for conservation and village development are also in

place and have already begun to provide benefits. The marketing of ecotourism and

private sector tours is improving. Awareness regarding ecotourism in Xe Pian NPA

and the need to protect its wildlife, forests, wetlands, and rivers among officials,

villagers, the private sector, and visitors is growing. For all of these reasons, the

WWF project has been successful.

Description of Ecotourism Development Project

In general, the ecotourism development option aims to take advantage of the core

attractions in Xe Pian NPA and social development based on culture and heritage.

The study area will be characterized by tightly controlled, medium-density facilities

aimed at the ecotourism market. The hub for development will be small-scale

facilities in the five selected villages catering to visitors seeking nature-based

attractions. Integrity of the natural attractions will be maintained, and a range of

activities for visitors will be provided.

Upgrades of facilities include road access, public transport, medical care, public

toilets, and other improvements. The park gains from an entrance fee from both

domestic and international visitors of $1 and $4, respectively. The park authority

will receive a 15 % license fee from ecotourism activities. It is assumed that the
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growth rate for international visitors is 20 % per year, while for local visitors it is

5 %.

For the construction of lodges, 10 ha of paddy field would be resumed to build

eco-accommodation for tourists. The main targets for this scenario are small groups

and individual ecotourists interested in nature and the cultural attractions of Xe Pian

NPA. Wildlife viewing opportunities would form an important part of the overall

product offering in addition to well-managed natural settings for recreation and

accommodation. High-quality interpretive services form an important part of this

scenario. In spite of the relatively lower numbers of visitors, with high-quality

infrastructure and facilities, visitors would be encouraged to stay longer.

Additional features of the scenario are that strict limits will be applied on the

conversion of forest to agriculture, thus reducing the pressure on forest and con-

trolling deforestation. Timber extraction and the collection of NTFPs will be

prohibited. These arrangements would initially be introduced at a pilot site. Vil-

lagers would be hired as patrol officers to monitor and control conservation

activities.

Costs and Benefits of Base-Case Scenario

Benefits to Local Communities

Benefits accruing to local communities are derived principally from their agricul-

tural activities including rice production, other cropping, fishing, and collecting

timber and NTFPs. It is assumed that the value of their production remains constant

throughout the 10-year period, but in order to maintain it, villagers need to clear and

cultivate more forested land, as well as incurring increasing costs of production.

Costs to Local Communities

In the base case, local communities are assumed to face rising costs of production as

the quality of the resource base declines and productivity decreases. Differential

rates of increase in production costs per hectare are assumed: 10 % per year during

the first 5 years, then 20 % per year for the sixth and subsequent years. The costs of

fishing and collecting timber and NTFPs are assumed to increase 10 % each year

due to a rising real wage rate as well as decreasing productivity of the resource.
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Costs to Local Government

The Xe Pian Management Unit is obliged to meet the costs of maintaining a similar

level of forest-related benefits and prevent ongoing losses in the existence value of

forests and ecological functions. These costs were valued in terms of preventive

costs. In the base case, the deforestation rate is 1.12 % per year, and 18 ha of forest

is cut down every year by villagers as they expand their agriculture land. Monetary

value of the relevant loss of forest is included in the cost estimate. The decrease in

carbon storage was valued as a foregone benefit, using the benefit transfer tech-

nique. The value is based on an estimate of the changes in carbon stocks as closed

secondary forest is converted to permanent agriculture. The cost of preventing soil

erosion is monetized in terms of the investment required to prevent soil loss. The

lowest-cost technology of planting vetiver strips is used in the calculation. The unit

cost per hectare is multiplied by the forest area that would be converted.

Results

The results under the assumptions adopted in the base case are shown in Table 11.1.

A 10 % discount has been applied. The present value of benefits is $8.153 m and the

present value of total costs is $6.398 m. NPV in the base case is thus $1.755 m.

Costs and Benefits of Ecotourism Scenario

Benefits to Local Communities

The ecotourism project provides direct economic benefits by creating new job

opportunities in the ecotourism industry, including acting as trekking guides,

conducting elephant rides, elephant queue organizer, tourist receptionist, boatmen,

homestay managers, cooking units, camping, bird watching, and traditional mas-

sage. Indirect economic benefits are received by locally run shops and handcraft

stores. Such benefits were verified in the survey of the five villages covered by the

study.

The research team discovered also that ecotourism enhances social cohesion

among Xe Pian residents, encouraging local residents to work together, share

common issues, and help each other to overcome difficulties. Ecotourism provides

an opportunity for locals to interact with tourists and witness their positive behavior

such as refraining from littering and leaving plastic bags on the ground. Local

people are induced to adopt similar good behavior themselves. The improvements

in construction facilities within the community have played a crucial role in

creating social happiness and enjoyment. The ecotourism program has supported

11 A Cost-Benefit Analysis of Ecotourism: A Case Study of Xe Pian National. . . 243



T
a
b
le

1
1
.1

B
as
e-
ca
se

sc
en
ar
io

Y
ea
r

P
re
se
n
t

v
al
u
e

1
2

3
4

5
6

7
8

9
1
0

B
en
efi
ts

R
ic
e

5
,8
3
2
,4
2
3

9
4
9
,2
0
0

9
4
9
,2
0
0

9
4
9
,2
0
0

9
4
9
,2
0
0

9
4
9
,2
0
0

9
4
9
,2
0
0

9
4
9
,2
0
0

9
4
9
,2
0
0

9
4
9
,2
0
0

9
4
9
,2
0
0

T
ea
k

1
6
7
,4
3
9

2
7
,2
5
0

2
7
,2
5
0

2
7
,2
5
0

2
7
,2
5
0

2
7
,2
5
0

2
7
,2
5
0

2
7
,2
5
0

2
7
,2
5
0

2
7
,2
5
0

2
7
,2
5
0

O
th
er

cu
lt
iv
at
io
n

7
8
9
,4
0
9

1
2
8
,4
7
3

1
2
8
,4
7
3

1
2
8
,4
7
3

1
2
8
,4
7
3

1
2
8
,4
7
3

1
2
8
,4
7
3

1
2
8
,4
7
3

1
2
8
,4
7
3

1
2
8
,4
7
3

1
2
8
,4
7
3

F
is
h

6
9
3
,2
2
5

1
1
2
,8
1
9

1
1
2
,8
1
9

1
1
2
,8
1
9

1
1
2
,8
1
9

1
1
2
,8
1
9

1
1
2
,8
1
9

1
1
2
,8
1
9

1
1
2
,8
1
9

1
1
2
,8
1
9

1
1
2
,8
1
9

N
T
F
P
s

6
5
2
,8
6
0

1
0
6
,2
5
0

1
0
6
,2
5
0

1
0
6
,2
5
0

1
0
6
,2
5
0

1
0
6
,2
5
0

1
0
6
,2
5
0

1
0
6
,2
5
0

1
0
6
,2
5
0

1
0
6
,2
5
0

1
0
6
,2
5
0

T
im

b
er

1
8
,3
7
2

2
,9
9
0

2
,9
9
0

2
,9
9
0

2
,9
9
0

2
,9
9
0

2
,9
9
0

2
,9
9
0

2
,9
9
0

2
,9
9
0

2
,9
9
0

E
co
to
u
ri
sm

p
ro
je
ct

0
0

0
0

0
0

0
0

0
0

0

V
al
u
e
o
f
fo
re
st

($
/y
ea
r)

0
0

0
0

0
0

0
0

0
0

0

C
ar
b
o
n
st
o
ra
g
e
v
al
u
e

0
0

0
0

0
0

0
0

0
0

0

R
es
id
u
al

v
al
u
e
–

ec
o
to
u
ri
sm

p
ro
je
ct

0
0

0
0

0
0

0
0

0
0

0

T
o
ta
l
B
en
efi
ts

8,
15

3,
72

9
1,
3
26

,9
82

1,
3
26

,9
82

1,
32

6,
98

2
1,
32

6,
98

2
1,
32

6,
98

2
1,
32

6,
98

2
1,
32

6,
98

2
1,
32

6,
98

2
1,
32

6,
98

2
1,
32

6,
98

2

C
o
st
s

C
a
pi
ta
l
co
st
s

E
co
to
u
ri
sm

p
ro
je
ct

0
0

0
0

0
0

0
0

0
0

0

O
&
M

C
os
ts

R
ic
e

5
,6
4
3
,0
5
8

4
0
6
,8
0
0

4
8
8
,1
6
0

5
8
5
,7
9
2

7
0
2
,9
5
0

8
4
3
,5
4
0

1
,0
1
2
,2
4
9

1
,2
1
4
,6
9
8

1
,4
5
7
,6
3
8

1
,7
4
9
,1
6
6

2
,0
9
8
,9
9
9

T
ea
k

8
7
,8
0
9

1
4
,8
1
2

1
4
,6
7
2

1
4
,5
3
2

1
4
,3
9
2

1
4
,2
5
2

1
4
,1
1
2

1
3
,9
7
2

1
3
,8
3
2

1
3
,6
9
2

1
3
,5
5
2

O
th
er

cu
lt
iv
at
io
n

2
6
0
,0
9
7

1
8
,7
5
0

2
2
,5
0
0

2
7
,0
0
0

3
2
,4
0
0

3
8
,8
8
0

4
6
,6
5
6

5
5
,9
8
7

6
7
,1
8
5

8
0
,6
2
2

9
6
,7
4
6

F
is
h

7
7
,6
8
2

5
,6
0
0

6
,7
2
0

8
,0
6
4

9
,6
7
7

1
1
,6
1
2

1
3
,9
3
5

1
6
,7
2
2

2
0
,0
6
6

2
4
,0
7
9

2
8
,8
9
5

N
T
F
P
s

1
1
7
,9
1
1

8
,5
0
0

1
0
,2
0
0

1
2
,2
4
0

1
4
,6
8
8

1
7
,6
2
6

2
1
,1
5
1

2
5
,3
8
1

3
0
,4
5
7

3
6
,5
4
8

4
3
,8
5
8

T
im

b
er

3
8
,8
3
5

1
,8
0
0

2
,3
4
0

3
,0
4
2

3
,9
5
5

5
,1
4
1

6
,6
8
3

8
,6
8
8

1
1
,2
9
5

1
4
,6
8
3

1
9
,0
8
8

S
o
il
er
o
si
o
n

7
0
,1
1
4

1
1
,4
1
1

1
1
,4
1
1

1
1
,4
1
1

1
1
,4
1
1

1
1
,4
1
1

1
1
,4
1
1

1
1
,4
1
1

1
1
,4
1
1

1
1
,4
1
1

1
1
,4
1
1



V
al
u
e
o
f
fo
re
st

($
/y
ea
r)

4
1
,9
1
6

6
,8
2
2

6
,8
2
2

6
,8
2
2

6
,8
2
2

6
,8
2
2

6
,8
2
2

6
,8
2
2

6
,8
2
2

6
,8
2
2

6
,8
2
2

C
ar
b
o
n
st
o
ra
g
e
v
al
u
e

6
0
,9
6
8

9
,9
2
2

9
,9
2
2

9
,9
2
2

9
,9
2
2

9
,9
2
2

9
,9
2
2

9
,9
2
2

9
,9
2
2

9
,9
2
2

9
,9
2
2

E
co
to
u
ri
sm

p
ro
je
ct

0
0

0
0

0
0

0
0

0
0

0

T
ot
a
l
co
st
s

6,
39

8,
3
89

4
84

,4
17

5
72

,7
47

67
8,
82

5
80

6,
21

6
95

9,
20

6
1,
14

2,
94

0
1,
36

3,
60

3
1,
62

8,
62

7
1,
94

6,
94

4
2,
32

9,
29

2

N
et

be
n
efi
ts

1,
75

5,
3
40

8
42

,5
65

7
54

,2
35

64
8,
15

7
52

0,
76

5
36

7,
77

6
18

4,
04

2
�3

6,
62

1
�3

01
,6
45

�6
19

,9
62

�1
,0
02

,3
10

In
cr
em

en
ta
l
be
n
efi
ts

0
0

0
0

0
0

0
0

0
0

0

In
cr
em

en
ta
l
co
st
s

0
0

0
0

0
0

0
0

0
0

0

In
cr
em

en
ta
l
ne
t

be
ne
fi
ts

0
0

0
0

0
0

0
0

0
0

0

N
et

pr
es
en
t
va
lu
e

$0
.0
0

B
en
efi
t-
co
st
ra
ti
o

0

In
te
rn
a
l
ra
te

of
re
tu
rn

0



locals in maintaining cultural practices and sites, with the aim of attracting tourists

to the area to visit them. Local people have strongly supported these efforts,

evidenced by the ways they have chosen to maintain the traditional styles of their

houses and in their dress.

Benefits to Local Government

The benefits of the park to local authorities are measured in terms of revenue from

entrance fees to the park paid by tourists and the reduction in management costs to

protect the forest, preserve biodiversity, reduce soil erosion, and maintain carbon

stocks.

Costs to Local Communities

Costs incurred by local communities include the opportunity cost of paddy field

area required to build an ecolodge, forgone income from the harvesting of timber

and NTFPs, and increasing costs to train people to practice agriculture more

efficiently and compensate for the lower rate of deforestation otherwise occurring

in the base case. Local communities would also be obliged to incur part of the

capital and operating costs of the ecotourism project.

Costs to Local Government

The costs to be met by local government are mainly operation and management

costs associated with controlling potential adverse environmental impacts of eco-

tourism, including salaries for park staff, patrolling costs, printing entrance tickets,

conducting monthly stakeholder meetings, monitoring and protecting biodiversity

and forest condition, preventing soil erosion, and encouraging awareness of con-

servation values by local people. If too many tourists visit the site, they may

compete with local people, causing resentment, social inequality, and a loss of

traditional culture.

Results

Results for the ecotourism scenario are presented in Table 11.2. The present value

of benefits is estimated at $11.883 m, and the present value of costs at $$5.087 m.

The present value of net benefits is thus $6.796 m. Compared with the NPV of the

base case, the ecotourism scenario has an incremental NPV of $5.041 m. This

246 M. Baylatry et al.
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provides convincing evidence that ecotourism is more desirable in economic terms,

compared with a continuation of agricultural activities and exploitation of forest

resources within Xe Pian NPA. A diagrammatic representation of net benefits for

each of the scenarios is shown in Fig. 11.1.

Sensitivity Analysis

Sensitivity analysis was carried out in relation to the discount rate, the rate of

deforestation, and the projected number of tourists visiting the area. Three discount

rates were applied: 8 %, 10 %, and 12 %. A slower rate of deforestation, reducing it

from 18 ha per year to 7 ha per year, was also tried. The growth rate for visits was

reduced from 20 % per annum to 5 %. In all of these cases, however, the results

revealed that the ecotourism project was economically superior to the base case. A

similar exercise, excluding the environmental benefits, again showed the ecotour-

ism option to be better than the base case, indicating that ecotourism would be

financially more beneficial than the base case, as well as being more desirable in

social economic terms.

Conclusions and Policy Recommendations

The main conclusion resulting from this CBA is that ecotourism in Xe Pian NPA

can produce significant economic gains to local communities, compared with a

continuation of traditional agricultural and forest-based production. This is

Fig. 11.1 Comparison of net benefits in base-case and ecotourism scenarios
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consistent with the findings of studies in other countries (Mirbabayev and

Shagazatova 2006). The economic analysis confirms that the Xe Pian ecotourism

project would assist in preserving Champasak’s environmental and cultural heri-

tage. Under the ecotourism scenario, the Government of Lao PDR would empower

the community to manage their own economic activities, with financial returns

accruing to local people. The project still allows ongoing agriculture and fishing,

but strict controls would be applied to conserve the natural forest. The advantage of

protecting the forest is that more tourists will be attracted to Xe Pian NPA. The

costs associated with the ecotourism project will increase each year due to a larger

number of tourists, but ongoing maintenance of the area is not expected to cost

more than $0.01 m per year. To manage Xe Pian NPA effectively, at least $0.72 m

is needed per year instead of the $20,000 that is presently provided. Under the

ecotourism project, the local community and park management would receive at

least $0.4 m per year. In the tenth year, total revenue from the park could be

expected to reach $1.6 m.

Ecotourism is not a complete solution for the conservation and protection of

National Protected Areas, nor can it alone become the best economic means of

raising local communities from poverty. Ecotourism must be well planned and

monitored and based on wide participation of local communities to maximize

economic benefits. As a result, cooperation between government agencies and

local communities is one of the most important factors in implementing a success-

ful ecotourism development strategy.
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Chapter 12

A Cost and Benefit Analysis
of the Community Forestry Project
in Chumkiri District, Kampot Province,
Cambodia

Kalyan Hou, Sothunvathanak Meas, Maredi Im, Chanthy Ros,

and Han Keam

Abstract Open-access forest schemes in Cambodia have contributed to a serious

decline in timber and non-timber forest products collected from forests. Authorities

have responded by introducing a major programme of Community Forestry (CF) in

more than 237 CF areas covering 71,724 ha and involving 411,440 people. The

authors of this study carry out a cost-benefit analysis to estimate the incremental net

benefit of three Community Forestry management options, relative to the base case

scenario, in Chumkiri district of Kampot Province to determine whether a commu-

nity forest management scheme would be economically desirable. In the first

management option, the Conservation Option, only 389.5 ha out of 992 ha of forest

is used for timber and non-timber product collection. The present value of total

costs over a 30-year time period at a 10 % discount rate is approximately USD

821,000. The option could generate benefits of up to USD 6.30 million measured in

terms of present value. The second option, the Exploitation Option, involves the

exploitation of forest products with CF management. The present value of total

costs over a 30-year time period at a 10 % discount rate would be USD 1.16 million,

and the present value of benefits would be about USD 5.01 million. The third

option, which combines the Conservation and Exploitation Options, shows that the

present value of total costs over a 30-year time period at a 10 % discount rate would

be nearly USD 1 million, while the present value of benefits would be up to USD
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5.92 million. The analysis reveals that the Conservation Option is the most eco-

nomically viable, followed by the Combined Option and lastly by the Exploitation

Option. Sensitivity analysis indicates that the Conservation Option ranks first even

under the assumptions of a higher price for timber and non-timber products, as well

as under different time horizons and discount rates.

Keywords Cambodia • Forest management • Cost-benefit analysis • Conservation

option • Exploitation option

Introduction

Background

Natural resources, especially forest resources, play a significant role in the economy

of Cambodia as well as in the livelihood of rural Cambodians. Although most of the

population is primarily dependent on agriculture, forest resources are highly valued

for daily consumption and use. Forests provide resources for construction materials,

human food, animal fodder, medicines and income generation and a place for

pursuit of spiritual well-being.

The management of forests in Cambodia has gone through various stages over

the last 50 years. Before 1975, legal forest harvesting took place under a system of

‘collection permits’ that had been established during French colonial times

(McKenney and Prom 2002). After paying a certain fee for the permits, loggers

then had a fixed time to fell trees. The loggers did not have to make management

plans or define the harvesting area. From 1975 to 1979, there was no record of forest

management programmes in the government. In the 1980s, the management task

fell to the control of the Forestry Department. However, the pace of forest exploi-

tation by powerful interest groups in the country increased starting in the late 1980s,

which continued until before the elections in 1993. Following the elections, the

government went back to the system of issuing permits and having private indus-

trial forest concessions.

From 1973 to 1976, the forest of Cambodia covered approximately 12.7 million

ha or 72 % of the country’s total land area. Over the years, the forest area has been

gradually lost. In 2002, the area covered by forests had decreased to 10.4 million ha

or 57 % of the country’s total land area. Large areas of once forest land have been

degraded (McKenny and Prom 2004). Seeing the problem of forest destruction and

degradation almost everywhere in the country, the government started to look for

other approaches to forest management that called for more participation from local

communities. With this in mind, Community Forestry (CF) began to receive

considerable attention as a potential alternative (or complement) to forest conces-

sion management (McKenney and Prom 2002).

Broadly speaking, CF is an effort to support and empower communities to

continue their traditional uses of forest resources and to encourage sustainable
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practices. CF plays an important role in the reformation of the forestry sector. It is

also a strategy for poverty reduction of the Royal Government of Cambodia (Chea

Sam Ang et al. 2005). As an alternative management system, CF enables the

effective participation of local people and communities in managing forest

resources by focusing on the forest resources on which they depend (CBNRM LI

presentation 2005).

Legal instruments were enacted to guide and support the CF formulation and

implementation. These include the Forestry Law, CF Sub-Decree and CF Prakas on

CF guidelines. So far, over 237 CF areas have been established totalling 71,724 ha

and involving 411,440 people (McKenney and Prom 2002). Most of these CF areas

were established through projects with the support from local NGOs, international

organizations (IOs) and government agencies.

Community Forestry in Chumkiri, Kampot Province

One example of these CF areas in Cambodia is the CF project in Chumkiri, Kampot

Province, which is supported by the Community Forestry Research Project (CFRP).

This CF area was developed in early 2001 and covers 992 ha of degraded forest

connected to a population of 633 households from three villages. CF rules and

regulations were formulated and were recognized at the provincial level. Five

committee members were selected from the three villages to lead and implement

the CF activities.

After more than 4 years of implementation, it is timely to assess whether or not

CF had been a good approach for better forest management in the area in terms of

its costs and benefits to the local community and to other key stakeholders. Hence,

this research assessed the costs and benefits of the CF programme. It also deter-

mined the factors that contributed to the optimization of costs and benefits of the CF

programme.

Research Objectives

The overall aim of the study was to assess the costs and benefits of the ongoing CF

project in Chumkiri, to identify the factors influencing the outcomes of CF imple-

mentation and to compare these to a non-CF area. The specific objectives were as

follows:

• To identify the main costs of both a CF- and a non-CF-managed forest in terms

of project costs and costs to community members (e.g. time, money)

• To identify the main benefits of both a CF- and a non-CF-managed forest in

terms of environmental benefits and biodiversity conservation
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• To quantify the main benefits of both CF- and a non-CF-managed forest in terms

of economic/tangible benefits and improvements in local livelihoods

• To compare the costs and benefits of the CF project with the costs and benefits in

a non-CF area

• To develop policy recommendations and areas for future research

Methodology

Selection of Study Sites

The research was conducted in two communities: one where the primary focus was

CF management and one without any CF management. The community under the

CF initiative consisted of three villages: Prey Yav, Tbaeng Pok and Damnark Snuol

villages in Srae Knong commune. The community without CF (non-CF) consisted

of three villages: Thmei, Kandal and Damrei Koun villages in Chumpouvoan

commune and Chumkiri District, Kampot Province. The selected communities

under both CF and non-CF management had similar key biophysical and socio-

economic characteristics. These similar characteristics included forest type, social

structure and income level. In the non-CF community, the forest area was degraded,

and people accessed forests outside their commune’s forest area. This case was

mirrored throughout the whole country.

Environmental Problems in Study Area

Environmental problems were threatening the livelihoods of local poor people in

rural and remote areas. In fact, both target communes in Chumkiri District were

constantly facing natural disasters (storms, floods, etc.), temperature changes,

irregular rainfall, loss of NTFPs and timber, lack of water and soil erosion, which

affected their livelihoods.

The results of the study indicated many environmental problems in the non-CF

area. These included:

• Loss of forest products, both timber products and NTFPs. This has resulted in the

loss of jobs or market in the forestry sector.

• Irregular weather. These included inadequate or irregular rain, strong winds and

others.

• Silted soil erosion channels. These have caused some rice fields to no longer

yield rice.

• Lack of reliable sources of water. The water here is for household consumption

and agricultural use.
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• Changing soil quality. The soil has become less fertile and farmers were starting

to use chemical fertilizer to increase yields.

• Variable local production. Production relied on the weather and rate of soil

erosion.

• Nearly extinct wildlife in the non-CF area. People reported never seeing wildlife

because the latter’s habitat had been lost through the clearing forests for/by

human activities.

The results of the study in the CF area showed fewer problems, especially on

forestry-related offences. These problems included:

• Lack of reliable sources of water. This water was for household consumption

and agricultural uses.

• Drought. This has become a critical environmental problem in local communi-

ties in the study area. Drought has resulted to low agricultural production.

• Use of chemical fertilizers. Local people complained that some of the commu-

nity members still used chemical fertilizer and pesticides to gain higher yields

and to kill insects next to the CF area.

The well-managed habitat in the CF areas has steadily increased and enhanced

wildlife.

Approach to Economic Analysis

The analysis undertaken comprised six steps: (1) evaluating the problem in the base

case scenario (non-CF management of the forest), (2) assessing possible CF man-

agement options, (3) estimating the total annual costs and benefits of each option,

(4) calculating the present values of net benefits, (5) comparing the net benefit

values of the potential CF management options with the base case scenario, and

(6) conducting a sensitivity analysis.

The study focused on both the direct and indirect use values of the forest. Direct

values comprised NTFPs, timber forest products and wildlife collected from the CF

and non-CF areas. The indirect values of the forest included watershed manage-

ment, soil erosion and environmental values (ETAP 1998). The ETAP paper (ETAP

1998) cited a survey showing reduced soil erosion in the CF area and soil erosion

problems in the non-CF area, but nothing about soil erosion values. This raised the

larger question of how to include and utilize indirect values and present them in a

way relevant to this study.
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Data Collection

The study used both primary and secondary data (2000–2006) for both forest areas

(CF and non-CF). Primary data were collected through household surveys, focus

group discussions (FGDs) and direct community observation. Secondary data were

gathered from existing reports, official records and research papers.

For this study, no information was obtained on the capture of wildlife in either

area. Capturing wildlife is banned by the CF by-laws and regulations. The Cam-

bodian forest law bans hunting, which includes trapping. Under the current forestry

and wildlife law, hunting wildlife is prohibited; hence, illegal hunting in the study

area, mostly in the non-CF area, is decreasing. However, some members of the

community still hunt for their household’s own consumption. The research team

observed, for instance, that wildlife was being sold in the market. Nevertheless,

information on hunted wildlife has become very difficult to ascertain. The research

team found it difficult to get the required information from the respondents through

predetermined/pretested interview questions.

Primary Data Collection

A final draft of the questionnaire was tested with both genders through household

interviews within the target communities. The pretest included 15 randomly

selected households (HH) in the CF and 20 randomly selected households in the

non-CF area. The objective of the project was to test the ‘wording’ and flow of the

draft questionnaire and to ensure that the data collected are sufficient to answer the

research objectives. No major changes were made based on the pretest. The

household data for the study were collected from a survey of 137 randomly selected

households, with 69 households in the CF area and 68 households in the non-CF

area. A household survey was used to collect primary data from the household units

in the study areas. The households were asked about the utilization as well as the

marketing (e.g. where these products were being sold) of timber and non-timber

forest products. Focus group discussions were also held, involving 55 participants:

27 people from the non-CF area and 28 people from the CF area. The FGDs took

place for one and half days in each site.

Secondary Data Collection

Collection of secondary data focused on several studies and reports produced from

the study sites by university students, CFRP staff and others. These included Rapid

Rural Appraisal on the Users’ Right System of Natural Resources (2000), Forest

Use and Product Flow in the Chumkiri District, Kampot Province (2001), and

Economic Analysis on Community Forestry Establishment, Chumkiri District,

Kampot Province, and others (2004). The findings of these reports were used as
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baseline data for the research. However, there was insufficient data from these

sources to support the required analysis. Therefore, other data were gathered from

interviews and reports from CIDSE, Forestry Administration and district officers in

Chumkiri, Kampot Province.

Key Characteristics of Study Sites

Stakeholders in Study Area

Many stakeholders and institutions working in each commune were involved in the

development activities of the communities in the study areas. They advised and

helped strengthen the capacity of the communities. The main stakeholders for this

study were documented below:

• Local community residents (six villages): These people were direct users of the

forest resource in the study area.

• Community Forestry Committee: This committee was directly involved in the

management of forest resources in the CF study area. This committee was

elected by the CF community members. Their main role and responsibility is

to make decisions on how to use and manage forest resources within the CF area.

• Businessmen/outsiders (entrepreneurs): They were involved in buying and sell-

ing forest products from the local communities in the study area. They purchased

most of the forest products that were being collected legally and illegally within

the areas and sold these for profit.

• Commune Council (CC) and village headmen: They made all decisions involv-

ing the village. They played an important role in assisting other developers and

all government sectors in the development of the village and in conflict

management.

• District authority: The government staff at a district level oversaw the

communes.

• They had a similar role as the communes but at the district level.

• Development Partnership Agency (DPA): DPA was a local organization from

the Cooperation International for Development and Solidarity (CIDSE) organi-

zation. The CIDSE supported the project activities of the CF programme in the

study areas. DPA was a development organization and partner that provided and

shared experiences and served as consultant in matters related to CF.

• Triage and other levels of the Forestry Administration: This is the government

professional institution with a mandate over forests. It played a significant role in

supporting the CF, in serving as consultant in forest management, in repressing

illegal activities and in resolving problems and/or conflicts.

• Military and police: These institutions and officers intervened to help resolve

conflicts.
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• Other government departments such as the Department of Agriculture and the

Department of Environment. These were involved in the consultation process,

and they supported and/or conducted other necessary activities such as agricul-

ture and environmental extension in these areas.

Noncommunity Forestry Communities

There are seven villages in Chumpouvoan commune, Chumkiri District. The

commune has 1,608 households with a population of 7,823 people, including

4,129 females. The total land area of this commune is 3,977 ha, comprising

992 ha of forest land, 1,491 ha of rice fields, 153 ha of farmland and 426 ha of

residential land. The commune centre is 2 km from the district centre. The forest

area is gradually being degraded by human activities such as illegal harvesting of

forest products, burning of the forest for farming and encroaching on the land to

secure tenure. Deforestation has also led to soil erosion from the upland areas to

lowland areas. The results of the FGD indicated that soil erosion was a problem in

the non-CF area. The respondents believed that when the forest was cleared,

raindrops directly contacted with and exposed the topsoil, hence leading to soil

loss. They also said that erosion washed away the organic matter, microorganisms

and other important nutrients needed for plant growth, which decreased crop

production.

Of the seven villages, the study was conducted in three villages of the non-CF

area, including Damrei Koun, Kandal and Thmei villages. This area was chosen for

the non-CF site because it has a similar population density, forest size and condi-

tion, villagers’ livelihood activities, security and accessibility as the CF site. Local

people rely heavily on agricultural production, animal raising, sale of labour, small

businesses and collection of forest products for sale and for household use.

Based on the interviews and observations of the villagers in this study area, this

area was covered by primary forest that was rich in many wood species and

biodiversity before 1998. At the time of the study, however, the forest had been

degraded because of several factors. First, there were illegal activities on forest

resources by local communities living in the area and by outsiders accessing the

forest area without obtaining permission from authorities. Secondly, the high

demand and high value of forest products in the market have encouraged entrepre-

neurs to collect these resources from local people and sell these to more central

markets and abroad. Finally, there was no clear management system in place,

especially on the rights of local resource users to manage the forest area.

Timber Forest Products

Villagers reported accessing the forest area far from their home or a distance of 10–

50 km in areas such as Phnum Prahout and Taken Koh Slar. It took the local people
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4–15 days per trip. They also reported spending 30 days per trip to gather forest

resources. Respondents reported that the households collected logs (53 %),

harvested sawn wood (24 %), harvested small poles (26 %) and collected big

poles (21 %). Regarding the amount of timber collected, adjusted for comparing

to a forest of equal size, people reported harvesting 888 m3 of logs, about 685 m3 of

sawn wood, 1,806 m3 of small poles and 832 m3 of big poles. Based on market

values, the total benefit of timber as a product was valued at nearly USD 206,000

per year.

Non-timber Forest Products

To access forest areas, people said they had to walk from 1 to 30 km and spend from

about 0.5 to 5 days to collect NTFPs. The six locations are identified in the text:

Toul Khlong, Phnum Prahout, Phnum Thom, Prey Lech, Toul Samrong and Taken

Koh Slar. The survey showed that 87 % of the households collected fuel wood for

their consumption, adding up to 2,269 m3 per year. Exactly 69 % of the households

collected bamboo culms for their consumption and sale, amounting to 203,130

culms per year. A total of 32 % of the households collected bamboo shoots for

consumption and fewer amounts for sale, amounting to 4,024 kg per year. Mean-

while, 35 % of the households collected 480 kg of mushroom per year, while 13 %

harvested 254 kg per year of wild vegetables.

Only 1 % of households collected honey from the non-CF area, equalling 10 l per

year. A total of 7 % of households collected wild fruit from the forest, totalling

149 kg annually. A few households (3 %) collected 24 kg per year of traditional

medicine. The total monetary value of non-timber products collected in this area

was estimated to be USD 19,100. Generally, people in non-CF area collected

NTFPs for sale, except for the wild fruits and traditional medicines used for

household consumption. The value of NTFPs in the non-CF market was USD

36,958.

Perceptions of Non-use Values of Forestry Resources

In the non-CF area, a few respondents had received lessons in natural resources

management regarding fire prevention, fire protection and reforestation. However,

no activities showed application of these lessons in that area. Some villagers had

also attended a few training sessions and study tours on agriculture, animal raising,

health, sanitation and use of clean water.
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Community Forestry Communities

There are six villages in Srae Khnong commune, Chumkiri district. The commune

has 1,106 households with a total population of 5,633 people, including 3,031

females. The total land area of this commune is 2,873 ha. It consists of 1,080 ha

of forest land, 1,396 ha of paddy field, 104 ha of farmland and 293 ha of residential

land. This commune is 12 km away from the Chumkiri district centre.

Three villages in the CF area were selected for the study. These included Prey

Yav, Tbaeng Pok and Damnak Snoul. The total forest area under CF covers 992 ha

of forest land. The total population of the three villages is 3,085 including 1,629

females. This population lives in 633 households.

This CF area was named the ‘Damnak Nak Ta Thmor Poun Community For-

estry’. It was established in March 2001 by the Community Forestry Research

Project (CFRP). When setting up the CF, the CFRP team conducted several studies

and consulted with various stakeholders. The CF members and committee

implemented a capacity-building process and found solutions to deal with conflicts

and problems in their area.

For the CF study site, the CF forest is located approximately 1–3 km away from

the village. The respondents reported spending about 0.5–2 days in travelling, but

majority spent 0.5 day on their trips. However, some villagers reported accessing

forest resources outside the CF area, about 10 km away, for which they travelled

back and forth for 2 days. Most of them, however, accessed forest resources within

the CF boundary.

The results of the FGD indicated that soil erosion was not yet a big problem. The

respondents reported that in the past, sandy soil was always a problem for their

farms near the mountain because the rain eroded sandy soil from the mountain top.

As a result, their production of rice and other crops was very low. Sometimes, the

sand made it difficult for them to cultivate rice and other crops such as corn, beans,

watermelons and cucumbers. They believed that CF had helped reduce soil loss and

erosion rates.

Timber Forest Products

Respondents reported that only 4 % of the households had collected logs, totalling

18 m3 per year. Majority (65 %) of the households reported collecting small poles,

totalling 223 m3. A total of 22 % of the households reported collecting big poles,

totalling 156 m3. The total value of the timber products collected was USD 7,357

per year.
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Non-timber Forest Products

The survey showed that 80 % of the households collected fuel wood for their

consumption. This totalled 4,399 m3 per year; so on the average, each household

used 6.94 m3 of fuel wood per year. Most of them (81 %) also gathered mushrooms

totalling 4.229 kg per year. A majority (58 %) of the households collected 41,062

culms of bamboo per year. An almost equal number (59 %) collected bamboo

shoots that totalled 18,105 kg per year. People dried bamboo shoots for use later in

the year or reserved them for other purpose. Many of them (67 %) likewise

harvested wild vegetables totalling to 14,843 kg per year. Almost half of the

households (48 %) gathered 2,459 kg of wild fruit per year, while 22 % collected

traditional medicines totalling 587 kg per year. In addition, 9 % of households

collected vines, totalling 1,312 kg. Six per cent of households collected rattan, and

this added up to 147 kg per year. NTFPs were collected for household use, sharing

with neighbours or selling at a low price. This meant that there was a limited market

for NTFPs in the CF area. The value of NTFPs was USD 23,448 per year.

Perceptions of Non-use Values of Forestry Resources

In the CF area, the people and community received lessons about natural resources

management, and they applied these by establishing the CF. They learned and

applied the idea of CF as a common pool resource; the concept of CF, forestry laws,

regulations and by-laws of CF; the concept of forest conservation; and the principle

of participation in other community development activities. They also learned how

to use and manage natural resources more sustainably in CF and how to protect the

forest from fire and illegal activities. Moreover, they learned about forest benefit

sharing, reforestation, planning for forest benefits for the next generation and the

forest’s influence on local weather and flooding. The respondents reported that they
gained knowledge and benefited from their participation in trainings, workshops,

study tours and meetings. From meetings, they learned about animal husbandry,

new models of agriculture, health issues, gender in society and CF.

Assessment of CF and Non-CF Management Options

Management Options

The study assessed a relatively narrow range of CF management schemes that could

be applied in the current situation. The management options are described below.

Conservation Option The forest area is divided into a conservation zone and a

multiple use zone. Under this management scheme, only the forest in the multiple
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use zone would be opened for exploitation. This zone is divided into five parts, and

the forest products/resources are collected from each zone in a 5-year rotation.

Exploitation Options All forest zones are divided into five zones for exploitation in

a rotation pattern every 5 years.

Combined Options This combines the features of the Conservation and Exploita-

tion Options. The conservation zone represents only one third of the total forest

area; the remaining area is fully exploited under a 5-year rotation. Before assessing

the CF management options, the base case scenario was examined. This was to

establish the initial situation regarding the livelihood of the population living under

the non-CF management, namely, the present values of net returns. The estimation

of people’s incomes in the base case helped in evaluating the changes in their

welfare after introducing the CF management scheme.

Base Case Scenario (Non-CF Management)

The base case scenario assumed that the local population and people outside the

commune under an open-access scheme used the forest area of 992 ha located

within the commune. The present value of net economic benefits in the non-CF

management was calculated, taking a production time period of 30 years, at a 10 %

discount rate. The major category of net benefits was net returns accruing to the

population that was harvesting timber forest products and non-timber forest prod-

ucts (NTFP) as described in Table 12.1.

Cost of Forest Products Collection

The main assessment methods and data used to estimate the cost of harvesting

forest products were separated into three components: capital investment costs,

operation and maintenance costs and ongoing costs. The capital costs of the non-CF

management scheme involved purchasing of materials used for timber and non-

timber collection especially ox, oxcart, knife, axe, line, shoe cloth and mosquito

net. These costs would be incurred only once, in year 1. It was assumed that the ox

and oxcart would last for the whole project period of 30 years and that the knife,

axe, line, shoe cloth and mosquito net would be replaced every 2 years.

The operational and maintenance costs involved the costs to cover the repair of

the materials quoted above. The informal fee paid at the checkpoints was the cost

involved in transporting forest products collected across the informal checkpoint

kept by the military police or agent of the forest administration. The costs of timber

and non-timber product collections were included in the costs of purchasing food

for the duration of the journey (to gather materials). The cost of disease was the cost

to cover medical expenses to treat any illness incurred during the journey in the

forest. Under a non-CF scenario, forest productivity could be degraded. In addition,
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if environmental degradation was expected, then the costs of managing and

harvesting might well increase over time. Consequently, the study assumed that

there was a 5 % increase in the cost of illness and in timber and non-timber products

collection.

Table 12.2 shows that the present value of the total costs of timber and non-

timber (NTFPs) collection was USD 939,727. With 627 households involved in the

non-CF management scheme, these costs would be about USD 1,499 per

household.

Revenue Under the Non-CF Management Scheme

The revenue under the non-CF management scheme was divided into two catego-

ries: (1) the direct revenue from timber and non-timber collection and (2) the

environmental benefit generated from carbon storage and biodiversity gain. The

value of timber and non-timber products was equal to the volume of timber

Table 12.1 Timber and non-timber forest products in non-CF scheme (field survey 2007)

Timber forest

products

Quantity

collected

Price

(USD/m3)

Non-timber

forest products

Quantity

collected

Price (USD

per unit)

Log (m3) 888 39.41 Fuel wood (m3) 2,269 3.69

Sawn wood

(m3)

685 184.73 Bamboo (trees) 203,130 0.05

Small pole

(m3)

1,806 14.16 Bamboo shoot

(kg)

4,024 0.12

Big pole (m3) 832 22.41 Mushroom (kg) 480 0.12

Total (m3) 4,210 Wild vegetable

(kg)

254 0.10

Or 4.24 m3/ha/year Wild fruit (kg) 149 0.10

Traditional medi-

cine (kg)

24 0.94

Table 12.2 Costs incurred in the non-CF management scheme

Items costs Year 1 Year 2 Year 3 Year 30 PV

Capital investment 274,972 0 9,975 0 290,161

O&M (transportation and material) 7,005 7,005 7,005 7,005 66,033

Accessing forest fee or check point 31,720 31,720 31,720 31,720 299,025

Costs of timber product collection 10,120 10,626 11,158 41,656 152,272

Costs of NTFPs collection 5,189 5,448 5,721 21,358 78,074

Diseases 3,600 3,780 3,969 14,817 54,162

Total costs 332,606 58,579 69,547 116,556 939,727

Note: PV value was calculated over a 30-year period with a 10 % discount rate. All values are in

USD
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collected multiplied by its financial price as shown in 12..1. Therefore, under the

open-access forest regime, it was expected that the volume of timber and non-

timber product would decrease over the period of a year. Table 12.1 shows that the

volume of timber harvested would include 4,210 m3 of timber forest products and

2,269 m3 of fuel wood. Over 992 ha of forest area, a harvest rate of 7.33 m3 per ha

and per year was implied. Consequently, the study adopted a 3 % reduction each

year for the whole project period.

The study used existing secondary data sources for the value figures of biodi-

versity and carbon. The value of biodiversity was USD 300/ha (Bann 1997). The

value of carbon was USD 5 per ton (Hansen and Top 2006). The carbon storage

(values are shown in Table 12.6.) calculation used the following formula for forest

in a stocked plot (Hansen and Top 2006): y¼ 2.39*Ln(X)-7.79.

This formula can be used when the above-ground biomass (AGB) is higher than

40Mg/ha in a plot. However, when the forest in a stocked plot has an AGB less than

40 Mg/ha, the formula cannot be used. In the latter case, an approximation of AGB

was made.

Table 12.3 shows that the present value of benefits from the collection of timber

and NTFPs was about USD 1.69 million, equivalent to 34 % of total benefits. With

627 households involved in the non-CF management scheme, this benefit would be

about USD 2,695 per household. The carbon storage and biodiversity benefits under

the non-CF management scheme declined year after year, from USD 651,300 in the

initial year to only USD 30,700 in year 30.

Conservation Option (CF Management)

The Conservation Option assumed that within the forest area of 992 ha located

within the commune, only 602 ha would be kept for conservation. The remaining

390 ha would be used by the local population and people outside the commune

under a payment fee system of the CF management scheme. The 390 ha of forest

was divided into five core zones: 54 ha, 55 ha, 56 ha, 60 ha and 51 ha. These zones

were used for a 5-year rotation scheme. With better management, a forest growth

rate of 3 % was used in calculating the benefit gained. Estimates of the costs and

benefits of this option were derived from the CF management of Damnak Neak Ta

Thmar Poun community forest, which had similar characteristics to the non-

CF area.

Table 12.4 highlights the timber and NTFPs that could be collected from the CF

area under the Conservation Management Option. The price and quantity collected

are also shown in Table 12.4. In the CF area, no sawn wood and honey were

collected compared to the non-CF area in this study.
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Cost of Forest Products Collection

As discussed earlier, the analysis of costs can be divided into three components:

capital investment costs, operation and maintenance costs and ongoing costs. The

capital costs of the non-CF management scheme involved:

• Community forest establishment costs that accrued only in the first 6 years.

• The purchase of materials used for timber and non-timber collection, especially

ox, oxcart, knife, axe, line, shoe cloth and mosquito net. These costs would be

incurred only once, in year 1. The study assumed that the ox and oxcart would

last for the whole project period of 30 years and that the knife, axe, line, shoe

cloth and mosquito net would be replaced every 2 years.

Table 12.3 Benefits in the non-CF management scheme

Benefit Year 1 Year 2 Year 3 Year 4 Year 30 PV

Value of timber products 205,725 199,553 193,566 187,759 85,048 1,546,129

Value of NTFPs 19,100 18,527 17,971 17,432 7,896 143,544

Carbon storage 383,458 345,112 310,601 279,541 18,061 1,912,630

Biodiversity gain 267,840 241,056 216,950 195,255 12,616 1,335,947

Total benefits 876,122 804,247 739,088 679,987 123,621 4,938,250

Note: PV value was calculated over a 30-year period with a 10 % discount rate. All values are in

USD

Table 12.4 Timber and non-timber forest products in the conservation option scenario (field

survey in 2007)

Timber forest

products

Quantity

collected

Price

(USD/m3)

Non-timber

forest products

Quantity

collected

Price (USD

per unit)

Log (m3) 18 39.41 Fuel wood (m3) 4,399 3.69

Sawn wood

(m3)

0 184.73 Bamboo (trees) 41,062 0.05

Small pole

(m3)

223 14.16 Bamboo shoot

(kg)

18,105 0.12

Big pole (m3) 156 22.41 Rattan (kg) 147 0.49

Total (m3) 397 Mushroom (kg) 4,229 0.12

Or 1.02 m3/

ha/year

Honey (litre) 0 9.85

Vine (kg) 1,312 0.07

Wild vegetable

(kg)

14,843 0.10

Wild fruit (kg) 2,449 0.10

Traditional medi-

cine (kg)

587 0.94
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The operational and maintenance costs involved the costs to repair the materials

quoted above. The costs of timber and non-timber products collection included the

costs of purchasing food during the journey and of incurring any medical expenses.

Under the CF option, the time spent out of the village involved in CF activity

was reflected in the labour costs. The CF management contribution was the fee

collected from villagers to cover the daily expenses of managing the CF commu-

nity. The forest plantation costs covered the costs of reforestation after cutting.

Under a CF scenario, forest productivity could be improved. Also, if environ-

mental degradation was reduced or turned around, then the costs of managing and

harvesting might well decline over time. Consequently, the study assumed a 5 %

reduction in the cost of collecting timber and non-timber products.

Table 12.5 shows that the present value of the costs of collecting timber and

NTFPs was more than USD 820,678. With 633 households involved in the CF

management scheme, these costs would be about USD 1,296 per household. This

cost was lower than the costs incurred in the non-CF management scheme.

Revenue Under the Conservation Option

The revenue under the CF management scheme was divided into two categories:

(1) direct revenue from timber and non-timber collection and (2) the environmental

benefit generated from carbon storage and biodiversity gain. Revenue from timber

and non-timber collection was generated for the villagers involved in the collection

and from the CF management under the licence form. The revenue from the

licensing was set at 50 % of the total financial value of timber and non-timber

collection.

This study assumed the value of biodiversity to be USD 300/ha (Bann 1997).

The value of carbon was USD 5 per ton (Hansen and Top 2006). The carbon storage

values are shown in Table 12.6.

Table 12.6 shows that the present value of benefits from timber and NTFPs

collection for both villagers and CF management was about USD 1.13 million,

equivalent to only 18 % of the total benefits. With 633 households involved in the

CF management scheme, the benefits generated from timber and non-timber prod-

ucts would be about USD 1,792 per household. Majority of the benefits could be

attributed to the carbon storage and biodiversity gain from the CF management

scheme. This benefit was approximately constant over 30 years of the project return

period. Its present value was equal to USD 5.16 million.

Exploitation Option (CF Management)

The Exploitation Option assumed that all the forest area of 992 ha located within

the commune would be used by the local population and by the people outside the

commune under a payment fee system of the CF management scheme. The 992 ha
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of forest was divided into five core zones of equal surface area for exploitation for a

rotation period of 5 years.

Cost of Forest Products Collection

The methods and data used to estimate the costs of forest products collection were

the same as under the Conservation Option. Under a CF scenario, if forest produc-

tivity could improve and if environmental degradation would be reduced, then the

costs of managing and harvesting might well decline over time. Consequently, this

study assumed a 5 % reduction in the cost of timber and non-timber products

collection. Table 12.7 shows that the present value of the costs of timber and

NTFPs collection was about USD 1.161,461 million. With 633 households

involved in the non-CF management scheme, the costs would be more than USD

1,835 per household.

Table 12.5 Costs incurred in the conservation option

Costs Year 1 Year 2 Year 3 Year 30 PV

CF establishment cost 9,465 9,465 9,465 0 41,221

Capital investment 414,029 0 11,552 0 422,931

O&M (transportation and materials) 5,867 5,867 5867 5867 55,308

Costs of timber product collection 604 574 545 136 3,976

Costs of NTFPs collection 5,915 5,620 5,339 1,336 38,950

Opportunity own labour costs 9,653 9,653 9,653 9,653 90,997

CF management contribution 1,185 1,185 1,185 1,185 11,172

Cost of forest plantation 16,200 16,500 16,800 15,300 156,121

Total costs 462,918 48,863 60,405 33,478 820,678

Note: PV value was calculated over a 30-year period with a 10 % discount rate. All values are in

USD

Table 12.6 Benefits in the conservation option

Benefit Year 1 Year 2 Year 3 Year 4 Year 30 PV

Value of timber products 7,357 7,578 7,805 8,039 17,338 90,483

Value of NTFPs 23,448 24,151 24,876 25,622 55,256 288,374

Carbon storage 354,102 339,090 325,807 334,351 363,514 3,218,830

Biodiversity gain 247,350 230850 214,050 196,050 196,950 1,944,938

Value of timber products

for CF

74,886 76,273 77,659 83,206 70,727 721,685

Value of NTFPs for CF 2,759 2,841 2,927 3,014 6,501 33,926

Total benefits 709,902 680,783 653,124 650,284 710,285 6,298,236

Note: PV value was calculated over a 30-year period with a 10 % discount rate. All values are in

USD
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Revenue Under the Exploitation Option

Table 12.8 shows that the present value of the benefits from timber and NTFPs

collection for both villagers and CF management was about USD 2.71 million,

equivalent to only 54 % of the total benefits. With 633 households involved in the

CF management scheme, the benefit generated from timber and non-timber prod-

ucts would be more than USD 4,281 per household. The carbon storage and

biodiversity gain from the Exploitation Option would decline year after year from

USD 512,675 in the initial year to only USD 148,973 in year 30.

Combined Option (CF Management)

The Combined Option assumed that within the forest area of 992 ha located within

the commune, only 300 ha would be kept for conservation purposes. The remaining

692 ha would be used by the local population and by the people outside the

commune under a payment fee system of the CF management scheme. That forest

area would be placed under a 5-year rotation plan.

Cost of Forest Products Collection

The methods and data used to estimate the costs of forest products collection were

the same as under the Conservation Option. Table 12.9 shows that the present value

of the costs of timber and NTFPs collection was about USD 0.99 million. With

627 households involved in the non-CF management scheme, the costs would be

more than USD 1,610 per household.

Table 12.7 Costs in the exploitation option

Costs Year 1 Year 2 Year 3 Year 30 PV

CF establishment cost 9,465 9,465 9,465 0 41,221

Capital investment 414,029 0 11,552 0 422,931

O&M (transportation and materials) 5,867 5,867 5,867 5,867 55,308

Costs of timber product collection 604 574 545 136 3,976

Costs of NTFPs collection 5,915 5,620 5,339 1,336 38,950

Opportunity own labour costs 9,653 9,653 9,653 9,653 90,997

CF management contribution 1,185 1,185 1,185 1,185 11,172

Cost of forest plantation 52,350 52,650 52,950 51,450 496,904

Total costs 499,068 85,013 96,555 69,628 1,161,461

Note: PV value was calculated over a 30-year period with a 10 % discount rate. All values are in

USD
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Revenue Under the Combined Option

Table 12.10 below shows that the present value of the benefits from timber and

NTFPs collection for both villagers and under the CF management was about USD

1.91 million, equivalent to about 32 % of the total benefits. With 633 households

Table 12.8 Benefits in the exploitation option

Benefit Year 1 Year 2 Year 3 Year 4 Year 30 PV

Value of timber products 7,357 7,578 7,805 8,039 17,338 90,483

Value of NTFPs 23,448 24,151 24,876 25,622 55,256 288,374

Value of timber products

for CF

241,993 243,380 244,765 250,310 237,836 2,296,986

Value of NTFPs for CF 2,759 2,841 2,927 3,014 6,501 33,926

Biodiversity gain 210,840 158,550 105,600 51,450 52,350 766,982

Carbon storage 301,835 232,890 160,734 164,950 96,623 1,536,328

Total benefits 788,232 669,391 546,707 503,386 465,904 5,013,078

Note: PV value was calculated over a 30-year period with a 10 % discount rate. All values are in

USD

Table 12.9 Costs in the combined option

Costs Year 1 Year 2 Year 3 Year 30 PV

CF establishment cost 9,465 9,465 9,465 0 41,221

Capital investment 414,029 0 11,552 0 422,931

O&M (transportation and materials) 5,867 5,867 5,867 5,867 55,308

Costs of timber product collection 604 574 545 136 3,976

Costs of NTFPs collection 5,915 5,620 5,339 1,336 38,950

Opportunity own labour costs 34,275 34,575 34,875 33,375 326,513

CF management contribution 9,653 9,653 9,653 9,653 90,997

Cost of forest plantation 1,185 1,185 1,185 1,185 11,172

Total costs 480,993 66,938 78,480 51,553 991,069

Note: PV value was calculated over a 30-year period with a 10 % discount rate. All values are in

USD

Table 12.10 Benefits in the combined option

Benefit Year 1 Year 2 Year 3 Year 4 Year 30 PV

Value of timber products 7,357 7,578 7,805 8,039 17,338 90,483

Value of NTFPs 23,448 24,151 24,876 25,622 55,256 288,374

Value of timber products

for CF

158,439 159,827 161,212 166,756 154,283 1,509,335

Value of NTFPs for CF 2,759 2,759 1,379 2,759 2,759 23,428

Carbon storage 327,711 285,990 243,270 249,651 230,068 2,387,986

Biodiversity gain 228,915 194700 159,825 123,750 124,650 1,618,937

Total benefits 748,629 675,005 598,368 576,577 584,354 5,918,543

Note: PV value was calculated over a 30-year period with a 10 % discount rate. All values are in

USD
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involved in the CF management scheme, the benefit generated from timber and

non-timber products would be more than USD 3,020 per household. The carbon

storage and biodiversity gain from the Combined Option would decline year after

year from USD 557,000 in the initial year to only USD 355,000 in year 30.

Results of CBA

The cost-benefit analysis of alternative options within the CF management scheme

is a method that compares the net benefit of the three alternative options within the

CF management scheme to the base case situation, namely, non-CF management of

the forest area. Such comparisons are useful for ascertaining whether a new

alternative is better than the status quo or not.

Incremental Net Benefits

In the cost-benefit analysis, net benefits were the difference between total economic

benefits and total direct costs in each CF management option. If net benefits were

positive with higher values, this meant that the option would provide more benefits

directly to the villagers involved and to their community than the current non-CF

management option.

The incremental net benefits were the difference between the net benefits of each

option of CF management and the net benefits accruing in the base case (non-CF

management). The present values of net costs and incremental net costs were

estimated over a 30-year period, with a discount rate of 10 %. The higher the

incremental net benefits, the more economically viable was the option. Positive

incremental net benefits would mean that the alternative option would yield greater

economic benefits to the villagers and to their community compared to the base case

scenario.

Table 12.11 below shows that the Conservation Option and the Combined

Option were the most preferred options based on economic efficiency grounds.

The incremental net benefits of the two options were positive. Carbon storage and

biodiversity gain represented a large share in the Conservation Option, while

revenues for the community generated from timber and non-timber products were

the main elements of benefit for each of the two options. The incremental net benefit

of the Exploitation Option had a negative value of USD 0.15 million.
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Sensitivity Analysis

Sensitivity analysis was conducted to investigate the effects of varying key assump-

tions (costs, revenues and discount rate) on the present values of incremental net

benefits. The analysis provided a measure of the degree to which these variables

could deviate from their estimated values before the preferred options ceased to be

economically viable. Three scenarios were tested.

Scenario 1: Change the Discount Rate

For all options, the discount rate was increased from 10 to 15 %. The calculations

showed that the Conservation Option and Combined Option were still economically

viable. The incremental net benefit of the Exploitation Option was negative.

Scenario 2 : Increase of 10 % in Price of Timber and Non-timber

Products

For all options, the price of timber and non-timber products was assumed to

increase by 10 %. The results indicated that the Conservation Option and Combined

Option were still economically viable. The incremental net benefit of Exploitation

Option was negative. The ranking was identical to that of Scenario 1.

Scenario 3: Project Duration Is 20 Years

If a project return period of 10 years shorter than the initial 30 years was assumed,

the Conservation Option was the most economically viable, and it ranked highest of

all alternative options. With only a 20-year return period, the Conservation Option

Table 12.11 Present value (PV) of incremental net benefit, ranked by most benefit (field survey in

2007)

NPV net benefit

(USD million)

Incremental net benefit

(USD million)

Benefit

cost ratio

Conservation option: CF man-

agement scheme

5.48 1.48 7.67

Combined option: CF man-

agement scheme

4.93 0.93 5.97

Base case (non-CF manage-

ment scheme)

4.00 0.00 5.25

Exploitation option: CF man-

agement scheme

3.85 �0.15 4.32
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and Combined Option were still economically viable. The incremental net benefit

of the Exploitation Option was negative. The ranking was identical to Scenario 1.

The three sensitivity analysis options above illustrate that with each variation of

the basic assumptions, the ranking of the options remained the same: the Conser-

vation Option was always the most economically viable, with the Combined Option

still being viable. The Exploitation Option, in all scenarios tested, was negative,

thus proving that this option would bring very little benefit to the communities.

Conclusion

The principal objective of this study was to identify the best practical options for

preserving the forest cover from degradation. Three CF management options were

assessed, and their incremental net benefits were calculated. These options as well

as the base case scenario (non-CF management) are described below:

Base Case (Non-CF Management) A total of 627 households were involved in the

non-CF management scheme of the Chumpouvoan commune. This commune

extracted annually from open access forest a total of 4,210 m3 of timber and

2,269 m3 of firewood or 6.53 m3/ha/year. Over a 30-year period, at a 10 % discount

rate, the PV of total benefits including the carbon sequestration value and biodi-

versity gain would be about USD 7,876 per household.

Conservation Option A total of 633 households were involved in the CF manage-

ment scheme of the Chumpouvoan commune. The commune extracted annually

from the CF a total of 397 m3 of timber and 4,399 m3 of firewood or 12.3 m3/ha/

year. The present value of revenue received by the CF management team from sales

of forest products, over a 30-year period, at a 10 % discount rate, would be USD

0.76 million. Over a 30-year period, at a 10 % discount rate, the PV of total benefits

including the carbon sequestration value and biodiversity gain would be about USD

9,950 per household.

Exploitation Options A total of 633 households were involved in the CF manage-

ment scheme of the Chumpouvoan commune. The commune extracted from the CF

a total of 397 m3 of timber and 4,399 m3 of firewood or 12.3 m3/ha/year. The

revenue received by the CF management team from sales of forest products, over a

30-year period, at a 10 % discount rate, would be USD 2.33 million. Over a 30-year

period, at a 10 % discount rate, the PV of total benefits including the carbon

sequestration value and biodiversity gain would be about USD 7,920 per household.

Combined Options A total of 633 households were involved in the CF manage-

ment scheme of the Chumpouvoan commune. The commune extracted from the CF

a total of 397 m3 of timber and 4,399 m3 of firewood or 12.3 m3/ha/year. The

revenue received by the CF management team from sales of forest products, over a

30-year period, at a 10 % discount rate, would be USD 1.53 million. Over a 30-year
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period, at a 10 % discount rate, the PV of total benefits including the carbon

sequestration value and biodiversity gain would be about USD 9,350 per household.

In conclusion, the results of the sensitivity analysis suggest that the Conservation

Option always ranked first, and the incremental net benefit was always a positive

value even when the input variable was altered. This proved that the Conservation

Option in a CF area offers advantages compared with that in a non-CF-managed

area. Hence, Cambodia should strengthen plans for CF in the future as the benefits

and costs were evident in this study.

Further research could be done on this subject to help implement the concept and

management practices, rules and regulations of CF. Communities were shown to

benefit from CF in the long term. Through the CF, they learned that it was vital to

encourage biodiversity, to increase the community’s wealth and to prevent the

forest from being degraded. Most importantly, they learned that the key rule in

sustainability is to preserve the forest cover for future generations.
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Chapter 13

Economic Benefit of Management Options
for a Suburban Forest (Kho Hong Hill)
in South Thailand

Saowalak Roongtawanreongsri, Prakart Sawangchote, Sara Bumrungsri,
and Chaisri Suksaroj

Abstract Kho Hong Hill (KHH) is located close to Hat Yai City in Songkhla

Province, South Thailand. Almost half of its forested area has been deforested as a

consequence of population increase, urbanization and the ongoing conversion of

forest areas into rubber plantations. This study assesses the net economic benefits of

three forest resource management strategies based on information derived from

interviews and discussions with relevant KHH stakeholders. The three strategies are

represented as three scenarios: Scenario I is the base case or the business-as-usual

(BAU) scenario; Scenario II involves the establishment of protected areas to

preserve the remaining forest areas in KHH; and Scenario III assumes the imple-

mentation of forest restoration and rehabilitation initiatives designed to increase the

forest areas on KHH. Six ecosystem services are selected as the environmental

variables for the study: (a) the provision of timber, (b) carbon dioxide sequestration,

(c) oxygen generation, (d) water supply, (e) flood control and (f) biodiversity.

Market valuation is used to estimate the values of provision of timber, CO2

sequestration, O2 generation, water supply and flood control, while the value

transfer approach is used to value of the service derived from KHH biodiversity.

The results show that under Scenario I, the annual benefits from the ecosystem

services from KHH would become negative after 15 years, whereas positive net

present values would be yielded under Scenarios II and III. The study recommends

that rubber farmers should be encouraged to convert their rubber plantations back to
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forest areas. Introducing a payment for ecosystem services (PES), mechanism is

also recommended to induce rubber farmers to reforest. Further studies would be

needed, however, to establish an effective PES system.

Keywords Thailand • Forest • Economic benefit • Ecosystem services •

Management options

Introduction

Ecosystem Services

Ecosystem services are commonly defined as benefits that people obtain from

ecosystems (USDA 2010). Ecosystem services can also be the processes through

which natural ecosystems, and the plants, animals and microbes that live in those

environments, sustain human life. Ecosystems provide valuable services to humans

through their natural functions. As habitats become fragmented, the services that

natural systems provide become less effective (Tawna 2010). Climate change,

pollution, over-exploitation and land-use change are some of the drivers of ecosys-

tem loss, as well as resource challenges associated with globalization and urbani-

zation (USDA 2010).

The concept of ecosystem services encompasses the delivery, provision, pro-

duction, protection or maintenance of a set of goods and services that people

perceive to be important (Chee 2004). It includes both tangible and intangible

goods and services. Forest ecosystems, in particular, play an important role in

providing the goods and Earth’s life-supporting system. Tangible goods and ser-

vices from forest include timber, non-timber forest products (NTFPs), water supply,

medicine, tourism, biomass and nutrition. Intangible services from forest are

providing clean air and oxygen, regulating the atmospheric abundance of carbon

dioxide (Murray 2000; Stinson and Freedman 2000), assimilation of waste, recre-

ation and aesthetic benefits, educational opportunities and spiritual enrichment

(Tong et al. 2007). Losing or degrading them can cause significant harm to the

nation’s economy and the welfare of humans (USDA 2007).

Kho Hong Hill

Kho Hong Hill (KHH) is situated in Hat Yai District and Thung Yai District,

Songkhla Province in the south of Thailand. It is the last forest area closest to Hat

Yai City, the well-known urbanized area on the east coast of lower south Thailand.

It lies north–south and is 5.6 km in length. The highest point is 371 m above sea

level. The total area is 1,212.42 ha. Of this, 699.7 ha (57.71 %) remains as primary
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and secondary forest. Thirty six per cent of the total area has been converted to

rubber plantation (see Table 13.1).

The Hill provides ecosystem services to a population of 157,682 living in the Hat

Yai Municipality and 67,892 living within 3 km from KHH (Hat Yai Municipality

2010), not yet mentioning other off-site benefits. Previous studies show that the

forest is still fertile with primary forest area intact. The ecosystem support system of

KHH is recognized by biologists in the Prince of Songkla University (PSU) in terms

of oxygen provider, CO2 sequestration and a source of water supply for the

downstream community. Moreover, the forest is home to many wild animals and

plants, some of which are endangered or rare species, i.e. slow loris and Malaysian

giant ant which can be found only in fertile areas, and a temporary home for the

plain-pouched hornbill. Biodiversity is one of the greatest benefits from this forest.

KHH is an ever green forest with a mixture between dry forest and moist forest.

Because this type of forest comprises of both deciduous and non-deciduous plants,

organic matter can be generated throughout the year. Nutrient cycling and energy

flows within the forest are thus at a maximum.

Threats to Ecosystem Services Provided by KHH

Like other threatened forest areas around the world, almost 40 % of KHH forest

area has been deforested because of the pressure from increasing population,

income and consumption to make way for rubber plantations or the construction

of housing and urbanization because of its closeness to the city. Recently, the

problem has become more serious. Flooding has occurred in areas that have

never been flooded before, soil erosion is increasing, and there is prolonged drought

during the dry season and a loss of wildlife, to name just a few examples. Because

many of these services from forests are usually viewed as free benefits to society, or

‘public goods’, lacking a formal market, these natural assets are traditionally absent

from society’s balance sheet, and their critical contributions are often overlooked in
public, corporate and individual decision-making. When forests are undervalued,

they are increasingly susceptible to development pressures and conversion. Recog-

nizing forest ecosystems as natural assets with economic and social value can help

promote conservation and more responsible decision-making (USDA 2010).

The preliminary survey conducted with people living within three km from the

centre of the hill revealed that people do not fully appreciate the ecological value of

Table 13.1 Area of forest

and other encroachment

on KHH

Type Area (rai) Area (ha) Percentage

Forest 4,373.14 699.70 57.71

Rubber 2,757.35 441.18 36.39

Land with no cover 342.29 54.77 4.52

Buildings 104.82 16.77 1.38

Total 7,577.60 1,212.42 100.00
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the forest. Compared with the tangible benefit of rubber plantation, many of the

benefits of KHH are perceived to be intangible and immeasurable, thus having no

meaning to them. To make matters worse, institutional arrangements establishing

who has authority over the forest are weak. People who use the land in KHH claim

that they have a customary right as their ancestors took over areas of land on the hill

before any legal issues arose regarding encroachment of the forest. Some people

have encroached the forest illegally due to the weakness of law enforcement.

Initiatives to Protect Ecosystems of KHH

Academics from Prince of Songkla University have realized the importance of

KHH and the seriousness of the problem of deforestation. They have initiated a

social movement to conserve KHH under the project ‘Help Conserve Kho Hong

Hill’. Various activities aimed at restoring and conserving the forest have already

been undertaken. An ultimate goal of the project is to use KHH to sustain human

well-being for the people in Hat Yai City and nearby areas. Accordingly, a best

management option is being sought to provide the right direction on how to

conserve it. To reverse the loss and degradation of ecosystem services, economic

and financial motivations must include a conservation objective, and the value of

ecosystem services needs to be incorporated into any decision-making (USDA

2010).

Research Objectives

The general objective of the research is to determine the value of net economic

benefit of different management options for KHH in order that the involved parties

will be informed of the most economically efficient option. The more specific

objectives are:

• To determine economic value of some ecosystem services of KHH, namely,

timber, freshwater supply, CO2 sequestration, flood protection, O2 provider and

biodiversity

• To examine three likely scenarios (management options) which are possible for

KHH, including the status quo

• To conduct a cost-benefit analysis of different management options for KHH,

taking into account those ecosystem service values in objective 1

• To compare management options to see which option yields the maximum

benefit to society

• To use this information in preparing for policy analysis and implication for Kho

Hong Municipality, Hat Yai Municipality and Thung Yai Tambon Authority

Organization
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Methodology

Incorporating Environmental Values in Policy Analysis

It is now widely accepted that in order to make sound decisions in favour of

sustainable resource use, the total economic value of natural resources and envi-

ronment should be included in policy analysis. As pointed out by Ranganathan

et al. (2008), ‘Decision- makers - including those whose goals and actions might not

at first seem connected to ecosystems - need to examine the dependence and

impacts of their goals on ecosystem services. Making decisions for policy imple-

mentation by taking ecosystem services into account can strengthen decisions.’
The key principle is that any producer surpluses and/or consumer surpluses that

are predicted to occur over time under the ‘without’ or baseline case but are reduced
or foregone under the ‘with’ alternative policy scenario case are considered an

economic cost, while increased or new producer and consumer surpluses generated

from the ‘with’ alternative policy case are considered an economic benefit. One

means of doing this is to carry out an economic cost-benefit analysis (CBA). As is

well recognized in the professional literature, provided the discounted incremental

economic benefits of a proposed policy exceed the discounted incremental eco-

nomic costs, then the proposed policy is deemed to provide a net benefit to the

community and an improvement in the economic efficiency of resource manage-

ment, relative to a base case scenario.

Categorizing Ecosystem Services

The concept of ecosystem services was comprehensively documented by the

Millennium Ecosystem Assessment (MA), which set out between 2001 and 2005

to assess the consequences of ecosystem change for human well-being and to

establish the scientific basis for actions needed to enhance the conservation and

sustainable use of ecosystems and their contributions to human well-being. Cate-

gorization of ecosystem services has been attempted by numerous authors and

organizations including Olewiler (2004), MA (2005a, b), Anielski and Wilson

(2005), Ranganathan et al. (2008) and Stenger et al. (2009). A widely accepted

categorization is the following (MA 2005a; Irwin and Ranganathan 2007; USDA

2010):

• Provisioning services or the provision of food, fresh water, fuel, fibre, genetic

resources, natural medicine, pharmaceuticals and other goods

• Regulating services such as air quality regulation, climate regulation, water

regulation, erosion regulation, water purification and water treatment, disease

regulation, pest regulation as well as pollination and natural hazard regulation

• Supporting services such as soil formation, photosynthesis and nutrient cycling
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• Cultural services such as educational, aesthetic, cultural heritage and spiritual

values as well as recreation and tourism

Valuing Ecosystem Services

The total economic value of the environment comprises the direct use value plus the

indirect use value plus the non-use value of the environment. The challenge of

valuing the environment often lies within non-market valuation, particularly indi-

rect economic benefits of environment and non-use value (Brown et al. 2007).

Nonmarketed benefits are often large and sometimes more valuable than the

marketed benefits (MA 2005b). Valuation is necessary if markets and institutions

are to be established to promote the efficient and sustainable use of ecosystem

services (Abel et al. 2003). Such valuation is also required to incorporate environ-

mental values within a CBA. There are several valuation techniques to estimate

ecosystem service values (Farber et al. 2002; Brown et al. 2007) and numerous

studies on valuing ecosystem services. Selected examples involving the valuation

of ecosystem services in general are Curtis (2004), Olewiler (2004), Anielski and

Wilson (2005), Tianhong et al. (2008) and Tong et al. (2007).

Valuing Forest-Based Ecosystem Services

Examples also exist for valuing forest-related ecosystem services. They include a

study estimating the annual economic value of certain ecosystem services (water

conservation, soil conservation and gas regulation) by forest ecosystems in the

Xingshan County in China, using simulation models and geographic information

system (Guo et al. 2001); valuations by the Millennium Ecosystem Assessment

(2005b); and a study of forest benefits such as timber, hunting, CO2 fixation and

non-use and recreation benefits by Moons (2002). Jim and Chen (2009) reviewed

studies on the major ecosystem services provided by urban forests in China,

including microclimatic amelioration (mainly evapotranspiration-cooling effects),

carbon dioxide sequestration, oxygen generation, removal of gaseous and particu-

late pollutants, recreational and amenity. Kuosmanen and Kortelainen (2007)

proposed a new approach for environmental valuation within an environmental

CBA framework that is based on data envelopment analysis (DEA) and does not

require any monetary estimation for environmental impacts using traditional

revealed or stated preference methods.
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Estimating Monetary Value of KHH Ecosystem Services

For the present study, six ecosystem services were evaluated: provisioning service
of timber; regulating services of C stocks and CO2 sequestration, O2 production,

flood prevention and water supply; and the supporting service of biodiversity. The
services are those relating to KHH natural forest as well as to its competing use:

rubber plantation. Where possible, primary data from field studies was used to

estimate the values of the ecosystem services provided by KHH. Secondary data

was obtained from a literature review of documents, research reports, journal

papers, data collected by governmental offices, statistical data, case studies and

so forth. Table 13.2 presents a list of the valuation techniques that were used to

estimate monetary values of the six ecosystem services selected for the study of

KHH.

Timber Value

This value was estimated using data from another research project conducted by the

authors. The gross value of timber was calculated by multiplying the volume of

timber by its price. Cost of harvesting was deducted from this value to estimate the

net benefit of this service. This timber value was entered in the CBA only in the year

during which forest is converted to rubber plantation. NTFPs were not included in

the analysis. Total timber value was estimated at 632,974 Bt/ha.

Carbon Dioxide Sequestration

There are several ways to assess the economic value of forest CO2 sequestration.

Guo et al. (2001) suggested three ways, comprising (1) a formula for photosynthesis

and respiration, (2) test and survey and (3) a mathematical model. Guitart and

Rodriguez (2010) evaluated carbon fixing value using alternative compensation

Table 13.2 Valuation techniques for ecosystem service accounting of KHH

KHH ecosystem services Valuation techniques application

Provisioning services

Timber Market approach

Freshwater supply Market approach

Regulating services

CO2 sequestration Market approach/replacement cost approach

Oxygen provider Market approach/replacement cost approach

Flood control Market approach

Supporting services

Habitat/biodiversity Value transfer
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value for silvicultural regimes. Whenever trees are cut, CO2 kept in the trees or

carbon accumulated in the forest in terms of wood, leaves, roots and soil is released

back into the atmosphere. This loss of carbon becomes a cost of deforestation.

Conversely, a benefit is derived when forest trees are kept intact: they can sequester

existing CO2 from the atmosphere. This is true also for rubber farms which can

sequester CO2 though at a much lower rate.

Anielski and Wilson (2005) suggest methods of valuing carbon store in terms of

the damage cost of climate change, carbon fee, replacement cost, carbon credit

trading and the cost of timber income foregone in lieu of protecting the carbon

stored in the forest ecosystem. In this study, the authors applied a method devised

by Yolasiğmaz and Keleş (2009), using the carbon credit trading price to calculate

the value of carbon fixing. This approach readily communicates the value to

stakeholders. The sequestration rate was obtained by field experiment. The price

of carbon was multiplied by the amount of carbon fixed by KHH to obtain an

estimate of the value for KHH. The results are shown in Table 13.3.

Oxygen Generation

Similar to the estimation of CO2 sequestration value, oxygen provision by forest

can be determined by the quantity of oxygen provided by the forest multiplied by

the price of sold oxygen or the replacement cost of generating oxygen. Studies that

have attempted to value oxygen provision services include Xi (2009), Zhang

et al. (2009), Jim and Chen (2009), Tong et al. (2007) and Guo et al. (2001).

The annual oxygen generation rate was obtained by taking the CO2 absorption

rate previously calculated and multiplying by 1.2, following the method adopted by

Yolasiğmaz and Keleş (2009). The price of oxygen was then multiplied to the

amount of oxygen generated by KHH. The outcome of these calculations is

presented in Table 13.4.

Water Supply

KHH is a head watershed for the Khlong Rian Canal below the catchment, which

then flows to Songkhla Lake Basin. It supplies water to Hat Yai City, servicing in

particular the Prince of Songkhla University and Senanarong Military Base. The

authors identified 11 reservoirs that receive water from KHH, although only six of

them can really be considered to receive their full capacity of water from KHH

forest. Without water provided by KHH, the downstream communities would need

to find substitute sources for their water supply, such as connecting their inlet pipes

to the main pipeline of the municipal waterworks authority. The municipality

would itself have to expand the operation of its water supply distribution to cover

these communities, involving both capital and operating and maintenance costs.

In order to calculate the amount of water provided by KHH, a Simple Hydro-

logic System Model was used. A continuity equation was applied to estimate water
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flow. The value of this ecosystem service from KHH was assessed by multiplying

the modelled volume of water held and released by KHH by the price of water per

unit. Unlike CO2 sequestration and oxygen generation, this ecosystem service was

not considered relevant for rubber plantations, because it is known that rubber trees

do not hold water well since their roots are shallow. It is often observed that rubber

trees fall down when there is runoff water.

Flood Control

Large amount of water is being held by the vegetation cover on KHH. For the past

3 years with KHH being illegally converted to other land uses which have less plant

cover area, the flash flood incidence also arises. Losing KHH forest will put

pressure on flooding area. Volume, area flooded and flood depth in each scenario

are simulated using the hydrological modelling. The water balance study, carried

out by our engineering team, indicates how much volume and depth of water will be

flooded in which area. The simple model figuring the relationship between forest

area, flood depth and flooding area was simulated. Losing more forest means

getting more of runoff water which impact the communities with floods. The

damage cost corresponding with each change of forest area is then estimated.

Table 13.3 Value of carbon storage service by KHH

Types of

ecosystem

Carbon capacity

Carbon

price

(/tCO2)

Value

Carbon

storage

(ton/ha)

Annual carbon

sequestration

(ton/ha/year)

Carbon

storage

(Bt/ha)

Annual carbon

sequestration

(Bt/ha/year)

Primary

forest

218.55 17.01 12.30 Euro

or 524.32

Bt

114,595 8,919

Secondary

forest

167.97 31.13 88,068 16,317

Average
of forest

193.26 24.07 101,331 12,618

Rubber
plantation

100.79 7.12 52,847 3,738

Exchange rate: 1 Euro¼ 42.6276 Baht

Table 13.4 Oxygen production capacity of KHH from field study

Type of

ecosystem

Oxygen production (t/ha/

year)

Price of oxygen (Bt/ton

O2)

Value (Bt/ha/

year)

Primary forest 39.1145 US$74.31 or 2,328.11 Bt 91,063

Secondary forest 54.1101 125,975

Average of
forest

46.6123 108,519

Rubber
plantation

13.3934 31,181
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The study of flood control benefits of KHH was conducted by the university

engineering team. Different scenarios were modelled in terms of flooded areas

(which can be shown on a GIS map), flood depth and volume of flood. On GIS map,

the flooding area with the same flood depth is categorized into one zone. This

enabled flood zones to be identified and mapped. For each flood zone, the number of

households, business properties and agricultural land was determined. Average

damage cost was then surveyed in these particular areas, according to its flood

depth, based on primary data from 100 samples and damage cost estimates for

different land-use types. The cost of flood for households includes damaged

properties and household items, foregone income resulting from not working due

to flooding, cost of illness due to flooding and cost of cleaning after flood. The

survey data indicated, as expected, that the average damage cost increases as flood

depth increases.

The damage costs for other land-use types are not included in the analysis, such

as damage costs relating to infrastructure, governmental offices, educational insti-

tution buildings and agricultural production areas. This means the net benefits of

flood control provided by KHH or any management regime would be higher than

the value incorporated in the CBA.

Biodiversity

Due to limited time, the valuation of benefits from biodiversity could not be

performed. In this study, the unit value transfer approach is used. The adjusted

benefit estimate Bp at the policy site can be calculated as

Bp ¼ Bs

Yp

Ys

� �
β

where Bs¼ the original benefit estimate from the study site

Ys and Yp¼ the income levels at the study and policy site, respectively

β¼ the income elasticity of demand for the environmental good in question

Surveys and studies of biodiversity by researchers in the Department of Biology,

Faculty of Science, Prince of Songkla University, have been ongoing since 1984.

One particular study, carried out during 1984–1986, found 637 species of plants in

130 families, of which 19 species were ferns, 90 species were dicotyledon and

19 species were cotyledon. Due to limited time, the value of biodiversity of KHH

could not be undertaken by survey. The benefit transfer method was therefore

applied to value this ecosystem service. A literature review revealed that only a

few studies have been done on valuing biodiversity in Thailand. More studies have

been done in other countries, but according to Navrud and Bergland (2001), the

simple unit value transfer approach should not be used for transfers between

countries with different income levels and costs of living. This would be particu-

larly true in the case of KHH.
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Various Thai studies were reviewed as a basis for benefit transfer, including the

study of Huai Kha Khaeng (Krasuaythong 2000), Thung Yai Naresuan

(Naruchaikusol 2002) and Phu Khieo Wildlife Sanctuaries (Wiwatthanapornchai

2001). They are well known and were all surveyed at the national level. However,

the characteristics of those forests and their biodiversity are much different from

KHH, so they may give an overestimated benefit for KHH. A contingent valuation

study of Pa Krad, a tropical forest in Nathawee District near Hat Yai, was consid-

ered more appropriate. The willingness to pay to conserve Pa Krad was estimated at

128 Baht/person/year using 2001 values. Allowing for inflation, the relevant esti-

mate for 2011 was 159 Baht/person/year. This value was transferred to three main

groups of beneficiaries: only Hat Yai people, people in three districts around KHH

and the population of the whole province. The results are shown in Table 13.5.

Summary of Ecosystem Service Values for KHH

The benefits associated with all six ecosystem services selected for KHH are shown

in Table 13.6, and their corresponding estimated values are shown in Table 13.7.

These values are used in the CBA of possible management scenarios for KHH, over

the next 25 years. Table 13.7 Indicates that the value of water absorption is higher

than for the other services, with the exception of timber value. However, the table

does not reveal the fact that reducing the damage cost from flooding constitutes the

greatest benefit from KHH. If KHH forest is lost, the communities around the area

will be affected by worsening floods resulting from excessive runoff. The commu-

nities will also incur a reduction in the supply of water for daily consumption, since

less water would be made available as the area of forest decreases. Biodiversity

value is the next largest value, even though the figure is underestimated, as

explained earlier. The oxygen generation value is higher than CO2 sequestration

value due to the higher price of substituted oxygen. All ecosystem service values

associated with natural forest are higher than those for rubber plantations.

Table 13.5 Value of biodiversity of KHH

Scale of beneficiaries

Average WTP (Bt/person/

year)

Total of

population

Value (Bt/ha/

year)

Hat Yai district only 159 374,891 111,606

Three districts adjacent to

KHH

560,336 163,837

Songkhla province 1,357,023 326,251

Note: This value is considered underestimate.
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Table 13.6 Benefits from ecosystem services as basis for CBA

Ecosystem

service benefit

Benefit or cost corresponding the type of land use on KHH1

Forest Rubber

Timber – Benefit from selling forest wood2

Release of CO2 storage from logged

tree and soil2

Water

absorption

Benefit of water absorbed that will be

used throughout the year by the peo-

ple downstream

Reduced benefit of water absorbed by

forest

CO2

sequestration

Benefit from CO2 being sequestered at

the rate of forest sequestration

Benefit from CO2 being sequestered

by rubber plants

Release of CO2 when the rubber

plants reach their maximum age and

needed to be cleared

Flood

prevention

Damage cost of flooding Damage cost of flooding when forest

is converted to rubber

O2 provider Benefit from O2 providing by forest

trees

Benefit from O2 providing by rubber

trees

Biodiversity Benefit of forest biodiversity –
1Benefit and cost is considered per area of land use
2Only when the forest is cut down to make rubber farms

Table 13.7 Summary of ecosystem service values of KHH

Ecosystem services

Value at current

stage (Bt/ha/) Explanation

From forest in tact

Timber, Bt/ha/year 632,974 Will enter into CBA only

when the forest is cut

CO2 sequestration, Bt/ha/year 12,618 Annual benefit

CO2 storage, Bt/ha 47,983 Will enter into CBA only

when the forest is cut

Oxygen generation, Bt/ha/year 108,518 Annual benefit

Water absorption by forest, Bt for total

area of forest in that year

118,954,045 This value is at the first year

Flood prevention, Bt for total area of

forest in that year

– Different in each year in each

scenario

Biodiversity 163,836 Annual benefit

From rubber plantation

CO2 sequestration 3,738 Annual benefit

Oxygen generation 31,181 Annual benefit

Note that rubber farms are reported not to contain significant volume of water or biodiversity,

therefore are not accounted hereby
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Management Options for KHH

Constructing the Management Scenarios

Information for constructing management options was obtained from face-to-face

interviews with stakeholders, focus group discussions and questionnaires. In all,

eight focus group discussions were held with representatives of local people living

in the forest, local authorities associated with the forest and local academic experts.

The number of total representatives in each group was 10, following the number of

between 6 and 10 suggested by Bryman (2001). Issues were considered to be

important in constructing the management options which included the decline in

wildlife species, food sources from the forest, land entitlement, water use and

cultural values. From the people’s perspectives, KHH is being destroyed by defor-

estation, illegal encroachment, converting forest to rubber plantations or orchards,

buildings and building for tourist attraction.

Three Management Scenarios

The outcome of the consultation process with stakeholders and other interested

parties resulted in the following three broad options for managing KHH:

• Base case scenario where the change in land use continues at their usual rate.

• Declaring KHH as a protected area.

• Rehabilitate the forest to its primary stage, with or without payment for ecosys-

tem services to owners who practice agroforestry or replanting forest trees in

rubber farms or keeping trees not rubbers for carbon market.

The planning horizon is assumed to be 25 years, equivalent to the expected life of

rubber trees from the time of planting.

Scenario I: Base Case Scenario

The first scenario is the base case, where there is no intervention in the existing

condition or no new management actions taken. Most stakeholders agreed that if

there were no intervention with the current trend in land use, it is assumed that

forest will continue to be cut at the current rate of 16.68 ha/year and the rate of

forest conversion to rubber plantation is 14.30 ha/year.

Ecosystem services from forest area are therefore expected to be lower the next

year than the current year. These include CO2 sequestration value, O2 generation

value and biodiversity value. However, since rubber farms will be increasing, they

also give ecosystem services, although not as much as natural forest. The services

from rubber farms considered in the study are in accordance with forest services,
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i.e. CO2 sequestration value and O2 generation value. Biodiversity of rubber farms

is far less than forest and thus not usually considered as ecosystem function. The

same is true for water retention in rubber plantations.

Assumptions of this scenario include:

• Rate of forest reduction and rubber plantation is linear using current data

available.

• Timber benefit is considered only when it is cut.

• Rubber product starts at year 8. Ecosystem services from rubber comprise of

CO2 sequestration and O2 generation at rubber’s rate.
• Current rubber farms are at the average age of 21 years.

• Released CO2 from harvested forest include CO2 stored in wood, poles, litter,

shrubs and soil, where the CO2 from wood is assumed to be released only 40 %

of carbon storage in wood.

Benefits in the base case include revenue from sales of latex and the value of

timber when the forest is cleared to make way for rubber plantations. Costs in the

scenario include the benefits foregone from lost services of forest and the cost of

rubber farming. Another cost is the value of carbon released from timber when it is

harvested. This is assumed to be 40 % of the total carbon storage in wood as most of

wood if used for furniture can still store carbon within. The rest of carbon storage

(in litter, floor plants, poles and soil) is counted as carbon released back to

atmosphere which therefore raises the level of CO2 in the atmosphere. Table 13.8

shows cost and benefit items appearing in the CBA.

Scenario II: Establishing a Protected Area (PA)

This scenario is possible, as the prospect is currently being explored of including

this area as a part of the greater Songkhla Lake Basin Protected Area. There have

been some discussions with the Office of Natural Resources and Environmental

Policy and Planning (ONEP) and with the movement to bring KHH into the agenda

of PA establishment. With this option, all current land-use activities on KHH will

have to cease, and no further conversion of forest to other land use will be

permitted. Thus, the area of 666.35 ha of forest and 469.78 of rubber farms will

remain. The existing condition of the forest will remain, and any further environ-

mental deterioration will be prevented.

Benefits are mainly those yielded by ecosystem services to the community. The

cost of this management option includes the cost of establishing the management

regime and the budget of local authorities who have the responsibility of protecting

and managing this area after being declared protected. Rubber farming costs also

have to be included as the current area of rubber farm will still continue production.

The relevant information for Scenario II is shown in Table 13.9.
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Assumptions of this scenario include:

• PA saves the land use as it is at present. No further reduction of forest will be

possible.

• Costs of establishing PA involves the PA preparation cost (mostly cost of study)

and monitoring cost. The preparation cost is derived from other studies of similar

nature in the area. The monitoring cost is assumed to be 10 % of study cost

each year.

Table 13.8 Scenario I: base case

Items Year 1 Year 2 Year 3 . . . Year 24 Year 25

Area of forest 666.35 649.67 632.99 . . . 282.74 266.06

Area of rubber plantation 469.78 484.09 498.39 . . . 798.78 813.08

Cost

Management cost 0 0 0 . . . 0 0

Cost of rubber farming Cost or rubber farming at the age of rubber farms per ha per year

Ecosystem service losses (benefit foregone from losing forest)

Loss of annual CO2

sequestration capacity

The annual CO2 sequestration of forest per ha� area of forest

cut� price of CO2

Release of CO2 from

timber harvested into

atmosphere

The CO2 storage in wood and other parts of forest per ha� area

of forest cut� price of CO2

Loss of O2 provider O2 supplied per ha forest� area of cut forest� price of O2

Water supply Amount of total forecasted lost water in each year� price of

water

Foregone benefit from

biodiversity

Foregone benefit of biodiversity per unit area of forest� area of

cut forest

Damage cost of flooding Total forecasted flood water of this scenario� damage cost

Benefit

Benefit from changing forest to rubber

Harvested timber value Timber value� area of cut forest

Rubber latex For present rubber plantation¼ net revenue of rubber sold. For

newly planted, net revenue will start around year 7 after planting

Benefit from intact forest

Value of annual CO2

sequestration

Amount of CO2 sequestration by forest per ha� area of forest

intact� price of CO2

Value of O2 provider Amount of O2 provided per ha of forest� area of forest intact

price of O2

Value of water supply Amount of water supplied by forest� price of water

Value of biodiversity Value of biodiversity per unit of forest area� area of forest

Benefit from intact rubber

CO2 sequestration Amount of CO2 sequestration by rubber farm per ha� area of

rubber farm� price of CO2

O2 provider O2 supplied by rubber� area of rubber farm� price of O2

13 Economic Benefit of Management Options for a Suburban Forest (Kho Hong Hill). . . 289



T
a
b
le

1
3
.9

S
ce
n
ar
io

II
:
d
ec
la
ra
ti
o
n
o
f
K
H
H

as
a
p
ro
te
ct
ed

ar
ea

(P
A
)

It
em

s
Y
ea
r
1

Y
ea
r
2

Y
ea
r
3

..
.

Y
ea
r
2
4

Y
ea
r
2
5

A
re
a
of

fo
re
st

6
6
6
.3
5

6
6
6
.3
5

6
6
6
.3
5

..
.

6
6
6
.3
5

6
6
6
.3
5

A
re
a
of

ru
bb

er
p
la
nt
a
ti
o
n

4
6
9
.7
8

4
6
9
.7
8

4
6
9
.7
8

..
.

4
6
9
.7
8

4
6
9
.7
8

C
os
t

M
an

ag
em

en
t
co
st

E
st
ab
li
sh
m
en
t
co
st

M
o
n
it
o
ri
n
g
co
st

M
o
n
it
o
ri
n
g
co
st

..
.

M
o
n
it
o
ri
n
g
co
st

M
o
n
it
o
ri
n
g
co
st

C
os
t
of

ru
b
be
r
fa
rm

in
g

C
o
st
o
r
ru
b
b
er

fa
rm

in
g
at

th
e
ag
e
o
f
ru
b
b
er

fa
rm

s
p
er

h
a
p
er

y
ea
r

D
am

a
g
e
fr
om

fl
oo

d
T
o
ta
l
fo
re
ca
st
ed

fl
o
o
d
w
at
er

o
f
th
is
sc
en
ar
io
�
d
am

ag
e
co
st

B
en
efi
t

B
en
efi
t
fr
o
m

in
ta
ct

fo
re
st

V
al
u
e
o
f
an
n
u
al

C
O
2
se
q
u
es
tr
at
io
n

A
m
o
u
n
t
o
f
C
O
2
se
q
u
es
tr
at
io
n
b
y
fo
re
st
p
er

h
a
�
ar
ea

o
f
fo
re
st
in
ta
ct
�
p
ri
ce

o
f
C
O
2

V
al
u
e
o
f
O
2
p
ro
v
id
er

A
m
o
u
n
t
o
f
O
2
p
ro
v
id
ed

p
er

h
a
o
f
fo
re
st
�
ar
ea

o
f
fo
re
st
in
ta
ct

p
ri
ce

o
f
O
2

V
al
u
e
o
f
w
at
er

su
p
p
ly

A
m
o
u
n
t
o
f
w
at
er

su
p
p
li
ed

b
y
fo
re
st
�
p
ri
ce

o
f
w
at
er

V
al
u
e
o
f
b
io
d
iv
er
si
ty

V
al
u
e
o
f
b
io
d
iv
er
si
ty

p
er

u
n
it
o
f
fo
re
st
ar
ea

�
ar
ea

o
f
fo
re
st

B
en
efi
t
fr
om

in
ta
ct

ru
bb

er

R
u
b
b
er

la
te
x

F
o
r
p
re
se
n
t
ru
b
b
er

p
la
n
ta
ti
o
n
¼
n
et

re
v
en
u
e
o
f
ru
b
b
er

so
ld
.

C
O
2
se
q
u
es
tr
at
io
n

A
m
o
u
n
t
o
f
C
O
2
se
q
u
es
tr
at
io
n
b
y
ru
b
b
er

fa
rm

p
er

h
a
�
ar
ea

o
f
ru
b
b
er

fa
rm

�
p
ri
ce

o
f
C
O
2

O
2
p
ro
v
id
er

O
2
su
p
p
li
ed

b
y
ru
b
b
er
�
ar
ea

o
f
ru
b
b
er

fa
rm

�
p
ri
ce

o
f
O
2

290 S. Roongtawanreongsri et al.



Scenario III: Rehabilitating Forest from Rubber Plantation Area

This option involves introducing a management regime that converts rubber plan-

tations back to native forest and restores the forest to original condition. The Help

Conserve KHH Project considers that this may be the most effective option for

managing the area. Two cases are considered for converting rubber plantations back

to forest: Case A which involves rubber farmers voluntarily handing back areas

under rubber production, given the fact that most of the area dedicated to rubber

was illegally occupied, and Case B which involves establishing a special fund to

buy back the rubber plantation area and rehabilitate it to conservation area. Under

this scenario, the area of natural forest will finally reach 100 %.

Assumptions of this scenario include:

• Forest can be fully restored to primary forest after 40 years.

• The growth of carbon sequestration rate from restored rubber farms is 7.3687 tC/

ha/year. Oxygen generation is based on this figure multiplied by 1.2 as in other

cases.

• The rate of restoration is considered in two cases. The first case assumed the

forest is restored at the rate of reduction, namely, 16.68 ha/year. However, if

there is some intervention such as purchasing rubber farms to be converted back

to forest, it is assumed that 10 % of the rubber production area will be restored

per annum.

• Land purchase prices are considered at two levels: full land price (2,500,000 Bt/

ha) and half of land price. These represent simply a monetary incentive for

rubber growers to relinquish their holdings, rather than real opportunity costs.

• With this management, rubber farms do not lose all benefit from rubber latex, but

only part of it. This is because rubber latex can still be collected, but at a lower rate,

from rubber trees that are abandoned. However, in the CBA, this benefit is ignored.

Costs in this scenario comprise the restoration expenses for nursery establishment,

labour costs and seedlings costs. Since Case A is voluntary, there is no additional

cost. In Case B, where the restoration rate is expected to be high, a market

mechanism may be needed to accelerate the conversion. Rubber farmers may be

paid either full land price or half to relinquish their present use. Details of Scenario

III are shown in Table 13.10.

Cost-Benefit Analysis of Management Options

Conducting the Cost-Benefit Analysis (CBA)

All costs and benefits were entered into a spreadsheet model to conduct the BCA

and calculate the net present value (NPV) of each management option relative to the

base case scenario. The time horizon adopted for all three scenarios is 25 years,

matching the cycle of rubber farms. Discount rates ranging from 1 to 7 % are

assumed.
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Results for Scenario I

The results for Scenario I are presented in Table 13.11. Although rubber farmers

may benefit from large financial benefits, the CBA demonstrates that in the base

case, society as a whole itself does not benefit. NPV increases with higher discount

rates, indicating that the net benefit is higher in earlier years compared with later

years. Indeed, the annual net benefit begins to turn negative from year 15 onwards.

This result demonstrates that it would be desirable in terms of the economic welfare

of people around KHH to preserve the ecosystem service benefits provided by

forest on KHH.

Results for Scenario II

Table 13.12 contains the results for Scenario II. When the current land use is

maintained, the NPVs are positive for all discount rates and the BCAs all exceed

2. This means that establishing KHH forest as a protected area and allowing no

further land-use change, society would receive significant net benefits for the next

25 years.

Table 13.10 Scenario III: full restoration of area to natural forest

Items Year 1 Year 2 Year 3 . . . Year 24 Year 25

Area of forest 666.35 713.32 760.30 . . . 1,157.50 1,157.50

Area of rubber plantation 469.78 422.81 375.83 . . . 0 0

Cost

Purchasing land Land price� area of land restored each year (only in Scenario

III Case B)

Cost of restoration Cost of nursery, seedlings and labour cost for restoration

Cost of rubber farming Cost or rubber farming at the age of rubber farms per ha per

year

Ecosystem service losses (benefit foregone from losing forest)

Damage cost of flooding Total forecasted flood water of this scenario� damage cost

Benefit

Benefit from intact forest

Value of annual CO2

sequestration

Amount of CO2 sequestration by forest per ha� area of forest

intact� price of CO2

Value of O2 provider Amount of O2 provided per ha of forest� area of forest intact

price of O2

Value of water supply Amount of water supplied by forest� Price of water

Value of biodiversity Value of biodiversity per unit of forest area� area of forest

Benefit from intact rubber

CO2 sequestration Amount of CO2 sequestration by rubber farm per ha� area of

rubber farm� price of CO2

O2 provider O2 supplied by rubber� area of rubber farm� price of O2

Rubber latex For present rubber plantation¼ net revenue of rubber sold
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Results for Scenario III

The results for Scenario III are shown in Table 13.13. They indicate that positive

NPVs are obtained at all discount rates, for both Cases A and B. This shows that the

benefit we receive from restoring the forest is exceedingly greater than the cost. The

magnitude of NPVs in voluntary case (Case A) is lower than the payment options

(both Case Bs). This is because the rate of conservation is lower in Case A than in

Case B; thus, the benefits generated from forest are therefore gained more slowly

than in Case B. Or the faster we convert area back to forest, the higher benefit we

will receive. When compared with the same faster rate of restoration, the cost of

payment affects the NPVs. Naturally, the higher we pay for the land price, the lesser

benefit we will receive. The details of NPVs are shown in Table 13.13.

Comparison of the Three Scenarios

The results indicate that the NPVs for Scenario III are the highest, in particular

Scenario III Case B, where there is a restoration scheme at the rate of 10 % per

annum, and payment is made at half the price of land. Scenario II has the next

highest NPVs. The lowest NPVs resulted under Scenario I.

Table 13.11 Results of CBA of scenario I

Discount rate (%) Net present value Benefit cost ratio Annual equivalent benefit

1 60,784,334 1.00 607,842

2 130,528,481 1.02 2,610,568

3 183,935,062 1.03 5,518,051

4 224,531,610 1.05 8,981,263

5 255,071,853 1.06 12,753,592

6 277,710,718 1.08 16,662,642

7 294,138,461 1.09 20,589,691

Table 13.12 Results of CBA of scenario II

Discount rate (%) Net present value Benefit cost ratio Annual equivalent benefit

1 4,548,691,971 2.880 45,486,919

2 4,023,692,477 2.878 80,473,849

3 3,581,714,446 2.874 107,451,432

4 3,207,653,492 2.870 128,306,139

5 2,889,404,643 2.867 144,470,231

6 2,617,227,284 2.864 157,033,636

7 2,383,251,622 2.861 166,827,612
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Conclusions and Recommendations

Research Conclusions

This study has shown that the net present values (NPVs) from the analysis prove that

it is highly undesirable on economic grounds to continue losing KHH forest at its

current rate. Although there are private benefits for rubber farmers, for society as a

whole it is not worth converting natural forest to rubber plantations. Further loss of

forest area should therefore be prevented. The analysis shows positive NPVs if the

current areas of forest and rubber plantation are frozen, meaning that it is better to

stop converting forest to rubber farms now. However, the best option is to convert

existing rubber plantation areas back to natural forest. The main benefits arising from

this management option take the form of increased value of ecosystem services.

It is worth noting that the benefits associated with ecosystem services evaluated

in this study are only a part of the total ecosystem services of KHH. For example,

the services such as tourism, preventing soil erosion, soil fertility, pollination and

microclimate regulation are not accounted for. These services are more difficult to

evaluate because of their complex nature and thus require longer study time, closer

observation, more physical data and a fuller understanding of the system.

Table 13.13 Results of CBA of scenario III

Discount rate (%) Net present value Benefit cost ratio Annual equivalent benefit

Case A

1 5,666,960,203 3.52 56,669,601

2 4,975,243,925 3.48 99,504,877

3 4,395,466,924 3.45 131,864,007

4 3,907,004,334 3.42 156,280,172

5 3,493,360,286 3.39 174,668,013

6 3,141,288,730 3.36 188,477,323

7 2,840,111,000 3.33 198,807,769

Case B purchasing at full price

1 5,029,490,834 2.07 50,294,907

2 4,379,783,815 2.05 87,595,675

3 3,835,386,731 2.03 115,061,601

4 3,377,040,814 2.01 135,081,631

5 2,989,311,362 1.98 149,465,567

6 2,659,779,319 1.96 159,586,758

7 2,378,412,682 1.94 166,488,887

Case B purchasing at half price

1 6,322,756,976 2.86 63,227,569

2 5,526,260,077 2.83 110,525,200

3 4,857,939,295 2.79 145,738,178

4 4,294,416,476 2.76 171,776,658

5 3,816,950,306 2.73 190,847,514

6 3,410,456,557 2.70 204,627,392

7 3,062,746,242 2.67 214,392,236
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Policy Recommendations

Table 13.14 compares the advantages and disadvantages of each management

scheme. It is clear that to leave things as they are at present without any intervention

will be detrimental to society as a whole, especially after year 15. To implement the

Table 13.14 Advantages and disadvantages of the three management schemes

Criteria

Scenario I: doing

nothing

Scenario II

protected area

Scenario III

Restoration Case

A

Restoration

Case B

Economic

feasibility

Positive NPV

with annual net

benefit turns neg-

ative from year

15 onwards

Positive NPV Positive NPV Positive NPV

Implementation

cost (Present

value at 7 %

discount rate)

None 3,077,137 6,611,929 1,387,236,025

(Case B1) and

702,902,465

(Case B2)

Impact on

communities/

acceptance

Rubber farmers

have no impact,

but they are ille-

gal farmers

Current rubber

farmers have no

impact but it may

create a problem

of fairness with

other prospect

rubber farmers

Current rubber

farmers lose part

of their income

as the rate of

latex collection

is not in full as

before

Current rubber

farmers have no

impact as they

are

compensated

Other people,

e.g. people in Hat

Yai, PSU people,

media and some

businesses enter-

prise, may not

accept this

Other communi-

ties can accept

this alternative

Political

acceptance

Governmental

officers are in the

position of taking

action to deal

with illegal

encroachment

Local politicians

may lose their

political support

from rubber farm

owners

Local politicians

may lose their

political support

from rubber farm

owners

Local politi-

cians may not

lose the support

as rubber

farmers are

compensated

Management

possibility

Nothing has to be

done

Possible and not

so complicated

once the area has

been proclaimed

It is quite uncer-

tain who will

voluntary join

the restoration

May be compli-

cated as KHH

lands are not

legally owned

and it raises

some concerns

about justice

and fairness

Enforceability Encroachment is

against laws, but

lack of enforce-

ment makes it

possible

Enforcement

should be con-

stant and strong

for those who

violate the laws

No enforcement

needed since it is

voluntary

No enforcement

needed because

the manage-

ment is based

on cooperation
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most preferred option – Scenario III – several actions could be taken. The first

would be to declare KHH as a protected area. The next phase is to improve the

understanding of stakeholders, especially land owners with illegal land holdings,

regarding land use on KHH. Raising awareness and implementing programmes of

environmental education regarding the importance and value of KHH can assist in

encouraging people to appreciate the value of KHH. The Help Conserve Kho Hong

Hill Project has been doing that and is gaining more support from the wider

community.

Attempting to reduce rubber plantation area and restoring natural forest is more

challenging, yet this is the ultimate goal of the Help Conserve Kho Hong Hill

Project. It would be desirable to achieve this goal through voluntary action by

rubber farmers, but more likely, payments would have to be made to encourage

them to relinquish their land holdings. If such a policy were to be announced, would

it perhaps result in further encroachment in the short run in order to be paid later?

Where might the funding come from to make such payments? Action would also be

required to prevent people from illegally harvesting timber from the forest. A

careful study of appropriate incentives is clearly warranted to achieve these out-

comes, but that is beyond the scope of the present study.
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Chapter 14

Cost-Effectiveness of Policy Options
for Sustainable Wetland Conservation: A
Case Study of Qixinghe Wetland, China

Jian Wu, Xiaoxia Wang, Kunyu Niu, and Shushan Li

Abstract A primary cause of the loss of wetlands in China is the competition for

water between wetlands and their surrounding areas. This study explores cost-

effective policy options to reduce off-site water use to support the sustainable

conservation of the Qixinghe Wetland in Sanjiang Plain. The cost-effectiveness

of four policy options is assessed and compared using multi-criteria analysis.

Option I is to reconstruct the irrigation systems in the surrounding areas of the

wetland where agriculture competed with the wetland for water. This option is the

government’s most favored strategy, but only the third most cost-effective. Option

II is to construct a dam to store and control floodwaters to relieve seasonal water

scarcity. This option is the most reliable in terms of saving water. It was also

farmers’ most favored strategy, but it imposes a high cost on the local government

and therefore did not receive strong support from the authorities. Option III is to

promote the adoption of water-saving practices by providing farmers with training

courses. This strategy is the most cost-effective, but is less effective in saving water.

This option also did not receive strong support from farmers and the government

and is therefore not likely to be selected. In Option IV, water saving is achieved by

converting some paddy fields to dryland crops. This option turned out to be

politically unfeasible because it was the least preferred strategy of the government

and farmers. It was also the least effective in saving water. If equal weights are

given to all four assessment criteria, Option I would have the best overall perfor-

mance, while Option IV would be the least preferred strategy. Based on these

conclusions, suggestions are offered on how the local government should tackle

the wetland’s water shortage problem and how the central and provincial govern-

ments could tackle the problem at the macro-level.
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Introduction

Background

Sanjiang Plain is a vast, low-lying alluvial floodplain in the northeastern segment of

Heilongjiang Province. It is situated at the confluence of three rivers: the Heilong

(Amur), the Wusuli (Ussuri), and the Songhua.

The plain has a high ecological significance nationally, regionally, and globally.

The wetlands perform crucial ecological functions: maintaining the hydrological

balance, regulating water flow, mitigating floods, and purifying the water and air.

The Sanjiang Wetlands are the most important breeding grounds and migration

routes of migratory waterfowls in northeastern Asia and provide habitats for

numerous species of wildlife. Thirty-seven wildlife vertebrate species ranked by

the World Conservation Union (IUCN) as globally threatened are found in these

wetlands, 20 of which are wetland birds. For some of these wetland birds, the plain

represents a significant portion of their remaining global habitat area (ADB 2004).

However, these wetlands have been dramatically reduced by agricultural develop-

ment during the last 50 years. In the 1950s, the wetland area was 3.7 million ha,

while in 2005 it had declined to 0.92 million ha.

The Sanjiang Plain’s high-quality soil and favorable climate for grain production

have made it the focus of government agricultural development programs, begin-

ning in the early 1950s. The central government has strongly encouraged settlement

in and reclamation of the wetlands and the development of large-scale farming in

the plain. This long-term focus on agricultural production in the plain has exacer-

bated the conflict between ecological conservation and agricultural development.

Water is the key factor affecting the value of wetlands. Recent statistics show

that agriculture has consumed more than 75 % of the water resources in the plain,

and it is predicted that the irrigated acreage under paddy will double in the next

15 years which will require – under current farming practices – increasing quanti-

ties of irrigation water, leading to a sharp drop in the water table in the wetlands

(Wang et al. 2005).
The conservation of the Sanjiang wetlands raises typical conservation issues in

China. Wetland ecosystems have traditionally encountered threats from the direct

consumption of their precious resources by local residents, but the more important

and indirect threats come from the water demands driven by the overall develop-

ment strategy of the country, including agricultural development, urbanization, and

industrialization.

Qixinghe Wetland

Qixinghe Wetland is a typical inland freshwater wetland, situated on the right bank

of the Qixinghe River in Sanjiang Plain, Heilongjiang Province, northeast China,
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with a total area of 200 sq. km. It performs crucial ecological functions. For the

purpose of wetland ecosystem conservation, the Qixinghe National Nature Reserve

(QNNR) was founded in the year 2000. Since then, according to the China Nature

Reserve Regulation (1994), activities that directly affect the Qixinghe Wetland

have been prohibited, such as the expansion of farming and fishing and the

harvesting of reeds and other raw materials, while activities that indirectly affect

the wetland still remain, among which competing water use is the most important.

The Qixinghe Wetland is already suffering from water shortage. Data collected on

surrounding wells show that the water table in the Inner Qixinghe Watershed has

dropped by 2.5 m from 1997 to 2005. Some wells even had a decrease of 7–12 m

(Xia and Wen 2007). Water conflicts arise especially during the irrigation season.

There have not been any measures taken to deal with the water supply issue for

the wetland. Although conservation efforts within the QNNR have been fully

implemented, unless there are policies or plans to confront the threats from outside

the wetland, the Qixinghe Wetland will not be saved.

Research Objectives

The overall objective of the study has been to explore cost-effective approaches to

reducing off-site water use for sustainable wetland conservation within the policy

and institutional context in China. The more specific objectives were:

• To establish a profile of water problems encountered in wetland conservation

and associated water-use patterns

• To explore and propose alternative policy options to manage off-site water uses

for the purpose of wetland conservation

• To analyze and assess the impacts of these options in terms of their ecological

effects and economic implications on different stakeholders

• To provide recommendations on how to implement the policy options with

acceptable and properly distributed costs of conservation

Methodology

Study Area

The geographic coverage of the study is the Qixinghe Wetland and its surrounding

areas where users compete directly with the wetland for water use, which includes

the Qixinghe National Nature Reserve, Baoqing County; the Wujiuqi (WJQ) state-

owned farm on the right bank of the Qixinghe River; and the Youyi state-owned

farm on the left bank.
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Data Collection

Information to support the study was obtained from various sources. Data describ-

ing land areas and population were provided by the Baoqing Civil Administration

and Baoqing Water Resource Authority. Similar data for WJQ farm was collected

from interviews, while for the Youyi farm, data was obtained from the Youyi

Agriculture Committee and Youyi farm interviews.

Detailed data relating to farmers’ awareness, attitudes, and behavior were

obtained from a large-scale survey conducted by the research team in July 2008,

involving focus group discussions and structured interviews with farmers in

Baoqing County and the WJQ state-owned farm, as well as officials of the Hei-

longjiang Provincial Hydraulic Design Institute, Baoqing Agriculture Technology

Promotion Center, Baoqing Water Affairs Bureau, and the Qixinghe National

Nature Reserve Management Bureau. Two hundred and one households were

interviewed in the survey. The household survey did not include the Youyi state-

owned farm due to feasibility constraints. Given that the overall conditions of the

two state-owned farms were quite similar, however, the WJQ farm could be taken

as representative of both. The sample of 201 households represented about 14 % of

the overall number of households (margin of error of 6.5 %) and about 16 % of the

total in terms of the paddy acreage.

To take into account the differences in paddy production between the villages

and the state farms, a stratified sampling method was applied. The first stratum

consisted of irrigation districts in the rural areas in Baoqing County, and the second

stratum comprised theWJQ state farm. The samples were allocated according to the

area of paddy fields: about 30 % of the samples were from the rural areas and 70 %

from the state farm. In each stratum, simple random sampling was applied.

Cost-Effectiveness Analysis

Cost-effectiveness analysis was the technique applied to assess the economic

efficiency of options to achieve water savings in competing uses of the resource,

designed to improve the prospects for increasing the volume of water allocated to

wetland areas. The cost-effectiveness (C/E) of each policy option was measured by

the average cost per unit of water saved. To overcome the complication that water

savings and their costs would occur at different points in time, discounting was

applied to the volumes involved as well as to their costs, following the approach

recommended by Warford (2003). The relevant formula is:

C=E ¼ Σ
�
Ct= 1þ rð Þt=Σ�Qt= 1þ rð Þt t ¼ 1, 2 . . . T

where the numerator in the above expression measures the present value of the total

cost of water saved and the denominator the discounted total quantity of water
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saved, over the assessment period from year 1 to T. In all the economic assess-

ments, a 30-year time horizon was assumed. Residual values of capital were

estimated using the straight-line method of depreciation.

Multi-criteria Analysis

To supplement the cost-effectiveness analysis, a simple multi-criteria analysis

(MCA) framework was applied. Based on the consultations conducted with the

local officials, four different criteria were chosen through which to compare the

trade-offs between the options covered by the study. A stakeholder analysis was

incorporated in this exercise.

Water Requirements for Wetland Conservation

Water Availability

For the Inner Qixinghe Watershed (wherein the QNNR is located), the long-term

average annual surface water quantity is 351 million m3 while the groundwater

quantity is 246 million m3. Neglecting the double counting between them, the total

long-term average annual water quantity in the watershed is 597 million m3. The

average water resource is about 4,650 m3 per capita and 5,550 m3/ha, much higher

than the country average (Xia and Wen 2007).

The average surface water resource quantity for the QNNR is 42.9 million m3

while the average groundwater resources amount to 13.9 million m3. The long-term

average water quantity of the reserve is 56.8 million m3. The surface water

resources of the QNNR come from upstream of the Inner Qixinghe River and

from precipitation and its runoff, while the groundwater is recharged mainly by

rainfall (Xia and Wen 2007).

The interaction between groundwater and surface water is complicated and

difficult to assess due to the lack of essential hydrographic and geological records.

In this study, it was presumed that the impact of surface water and groundwater

usage was the same. This assumption is reasonable from a long-run hydrological

perspective.

Water Utilization

The overall water utilization volume for the whole Qixinghe Watershed is 540 mil-

lion m3 in which the surface water utilization volume is about 92 million m3 with a
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utilization rate of 18.8 % and the groundwater utilization volume is about 448 mil-

lion m3 with a utilization rate of 81.4 % (Xia and Wen 2007). Generally, water

supply can meet the economic demand, but the ecological water demand has not

been taken into account in these calculations.

As for the distribution of water among water-using sectors, taking Baoqing

County as an example, in 2007, the total amount of water use in the county was

141 million m3 in which agriculture used 105 million m3 of water (74.6 % of total

use), industries used 32.7million m3 (23.1 % of total use), and households used 3.2

million m3 (2.3 % of total use) (pers. comm. Water Affairs Bureau of Baoqing

Country, 2008). Since the WJQ and Youyi state farms are dominated by agriculture,

the overall water utilization level for the whole study area is expected to exceed that

of Baoqing County itself.

Factors Influencing Wetland Water Shortage

According to the ADB (2007), the factors contributing to a reduced water level in

the wetland are as follows:

Increasing Off-Site Water Use Surrounding areas of the QNNR compete with it for

water. According to the Baoqing County’s planning estimation (Water Affairs

Bureau of Baoqing County 2005), from 2006 to 2010 the total water demand is

expected to be almost doubled, increasing from 119 million m3 to 206 million m3.

Irrigation and Drainage Systems The more important but indirect effect is the

development of the drainage and irrigation system driven by agricultural expansion.

There is no large hydrological project in the upstream part of the Inner Qixinghe

River, but the development of the drainage system along with the expansion of

paddy fields has damaged the wetland’s capacity to retain water. The wetland is

situated in a low-lying area where water resources converge at a slow flow rate.

With the expansion of agriculture along the river, however, the water drainage

system has been fully developed. The system accelerates the rate at which water is

drained from this region, and then irrigation systems divert the water according to

various economic uses.

Reduced Water Inflow Water inflows from upstream and precipitation are the only

two sources of water supply, but the natural water supply or water inflow from

upstream and precipitation has reduced in recent years. As well, the flood control

banks or dams that were constructed to protect economic projects prevent small-

and medium-scale floodwaters from entering the wetland, and this contributes

significantly to the water shortage in the wetland.
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Ecological Water Demand for QNNR

In general, the water shortage in the Qixinghe Wetland has been recognized.

However, authoritative quantitative estimations of the situation and the wetland

water demand are as yet unavailable.

In Sanjiang Plain, some researchers have calculated the ecological water demand

based on the geographical and ecological situation of the plain (Guo et al. 2004; Cui
et al. 2005; SongLiao Water Resources Commission 2005). Based on their findings,

the land types that should be involved in calculating the ecological water demand of

the wetland are reservoirs/lakes, water swamps, marshes, and reed wet soil. By

using the methodology developed by the study on the Zhalong Wetland (SongLiao

Water Resources Commission 2005) and taking into account the rainfall, evapora-

tion rate, soil infiltration capability, and other factors of the Qixinghe River Basin,

Xia and Wen (2007) found that the depth of water in the core zone of the wetland

should be kept at about 20–25 cm while the depth of water in the buffer zone should

be 15–20 cm in order to protect the QNNR and the basin wetland habitat from

degradation. According to these requirements and deducting the existing water

surface area, the total ecological water demand for the QNNR was estimated to

be 38.17 million m3 (Xia and Wen 2007).

According to satellite images and the QNNR Management Bureau, the amount

of water that needs to be recharged to maintain the wetland is 20 % of the total

ecological water demand. Accordingly, this study set 8 million m3 as the target

amount of water to be recharged to the wetland through policy intervention.

Water Use by Agricultural Sector

As compared with industry and urban livelihoods, agriculture was the largest water

user in the studied area. There were severe conflicts between agricultural water use

and wetland ecological water demands. Given the large room left for water saving

from the agriculture sector, agriculture has been identified to be the key sector for

water saving policy interventions.

Field investigation and a survey that were carried out with farmers revealed their

awareness, attitudes, and behavior in relation to water use, as reported below.

Expansion of Paddy Fields

The paddy fields in the surrounding areas of QNNR have developed rapidly in the

past 10 years, which accelerated the increase of water consumption by agriculture.

Since 1995, paddy field areas in Baoqing County, WJQ state farm, and Youyi state

farm have increased significantly by 111 %, 105 %, and 248 %, respectively,
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mainly due to policies encouraging their development and the high market price of

rice (Baoqing Statistics Bureau (1996, 2006); Heilongjiang State Farm Bureau

(1996, 2006)). As Baoqing County’s planning estimation, agricultural usage will

increase from 92 million m3 to 153 million m3 during 2006–2010 (Water Affairs

Bureau of Baoqing County 2005).

Water Efficiency

Data shows that the water efficiency in agriculture is very low. The water con-

sumption for paddy growing is about 12,000–13,500 m3/ha in the county, whereas

the standard for Heilongjiang Province is only 6,750 m3/ha, according to the Water

Affairs Bureau of Baoqing County.

Our survey also reveals reasons for this low efficiency dilemma: farmers listed

poor hydrological system and land features as the two key factors leading to low

efficiency in water use.

Water-Use Behavior

The survey found that 28 % of the people (56/200 households) relied completely on

surface water (from rivers and/or the wetland), 31.5 % (63/200 households) used

only groundwater, and 40.5 % (81/200 households) used both surface water and

groundwater. Generally, the farmers tended to use surface water when it was

available because the higher temperature of the surface water was more favorable

for rice cultivation.

Under the current irrigation infrastructure, water supply cannot be guaranteed.

Farmers cannot get water in a timely manner according to crop growth requirements

so they try to get as much water as they can whenever there is water available

without considering water saving. Thus, in high water-use seasons, there is usually

a struggle to obtain water.

Water-Saving Consciousness

The survey showed that about 54 % (107/198 households) of the people were

concerned about the decrease in water resources, 24 % (48/198 households) did

not think that there was really a scarcity, and 21.2 % (42/198 households) were not

clear about the water situation. This indicated that there was no consensus among

the farmers regarding the local water situation. One possible reason was that they

live in a low area around the wetland, and it is relatively easy to get water compared

with other areas.
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The survey also showed that the local farmers had low water-saving skills and

many did not think water-saving was necessary. Most of the interviewees (80.6 %

or 112/139 households) had never done any trials on water-saving practices, while

89 % (178/200 households) had never had the opportunity to get water-saving

training.

Farmers’ Awareness

A majority (86.3 %) of the farmers (170/197 households) knew that the QNNR was

a wetland. About 46 % (91/198 households) agreed that their livelihoods were

related to the wetland, while 41.4 % (82/198 households) denied such a relation-

ship, and 12.7 % (25/198 households) of the people did not know if there was a

relationship. About 64 % (63.8 % or 125/196 households) clearly expressed that

they were willing to save water for the wetland, while 17.3 % (40/196 households)

said that they were not willing to do so. From these information obtained from the

survey, it was concluded that some of the local people already had some environ-

mental awareness and recognized that the quality of the environment was linked to

their livelihoods. However, their awareness was still too limited to result in water-

saving behavior.

Water Resource Management in Heilongjiang Province

Institutional Arrangements for Water Resource Management

The overall institutional arrangement for water resource management in Heilong-

jiang Province involves a multi-sectoral water administration management system

in which the Provincial Department of Water Resources (PDWR) plays the core

role. Generally, the PDWR and Heilongjiang State Farm Bureau (HSFB) oversee

the management of water resources in Heilongjiang Province. The PDWR manages

provincial water issues for the Heilongjiang government and guides the Water

Affairs Bureaus in the cities and counties. The Water Affairs Bureaus under the

HSFB manage water issues within the state-owned farm areas and implement water

administration policies. Water conservation plans in state farms need approval from

the PDWR.

At the provincial level, there is also the Provincial Agriculture Development

Office (ADO) that provides guidance on water-saving practices in agriculture, but

this office has no strong role at the county level. At the county level, it is the

Agriculture Development Commission (ADC) of the county that provides educa-

tion on how to save water.
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Under such an institutional framework, water issues are clearly controlled by

different agencies and jurisdictions. Agriculture plays a big role in the management

of water resources. The Forestry Bureau controls the QNNR and is mandated to

address the wetland’s water needs; however, it is not closely involved in the

institutional arrangement.

Water Policies

Policies and regulations related to water management have been developed at the

national and provincial levels to form an overall policy framework which covers

water intake permits, water resource plans, water resource fees, water pricing

policies, water resource assessments of construction projects, discharge fees, and

other issues. In 2006, China issued a regulation on water permits and water resource

fees, which required all water users in the various sectors to pay for water resources

via the application of a water permit. That delivered a clear signal of the move

toward gradually increasing water-use efficiency by strengthening water resource

management and charging the use of water resources. In general, however, these

policies mainly focused on industrial water users, with an exemption or favorable

discount to agricultural water users.

Water Fee Management System

Because land property rights belong to the nation, farmers have to rent land for

farming. Water fees are built into the land rental agreements for state farms, and this

guarantees a high collection rate. However, the water fee system and policy

implementation in the rural areas are weak.

According to the interview conducted with the Baoqing County Water Affairs

Bureau, in the rural areas, the present water fee levy system is as follows: the

farmers or the whole village pays water fees to the town’s fiscal department, which

then hands the fees to the county’s fiscal department. The county allocates about

60 % of the water fees collected to the city authorities and keeps about 40 %. The

water fee for surface water is 300 RMB/ha in Baoqing County, but there is no

charge for well water. The county or town provides grants from its budget for the

maintenance of the local reservoir. The fee collection rate was very low, below

30 %, showing that the water fee management system was inefficient.

On the WJQ state farm, the Water Affairs Bureau levies water fees for each

working district, and the collected fees are handed to the management bureau of the

farm. The management bureau from each branch farm buys water from the reser-

voir (government owned and run by the Reservoir Management Bureau). In prac-

tice, the water fees are handed over together with the land taxes, i.e., the water fees

are bundled together with land contract fees and collected in advance when farmers
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rent land. The levy collection rate is as high as 100 %. The water fee standard for

surface water is 300 RMB/ha, while well water costs 75 RMB/ha.

Water fees should be linked to water quantity and charged by volume, but the

implementation of this policy requires corresponding metering devices which most

irrigation districts do not have at present. Charging based on acreage rather than

volume cannot establish a nexus between the quantity of water used and the water

fee, so the existing water pricing policy will not induce water saving. This is partly

due to the poor irrigation infrastructure and lack of water measurement devices.

Prospects for Economic Instruments in the Agricultural Sector

Various studies have discussed mechanisms for water resource allocation including

water pricing and water rights markets (Randall 1981; Shen et al. 2001; Jiang 2003;
Dietrich and Grossmann 2005). Many researchers have also focused on agricultural

water-use efficiency. Amir and Fisher (1999) analyzed the demand for water from

agriculture under various price scenarios. Bazzani (2005) applied the DSIRR

(decision support system for irrigated agriculture) model to analyze the impact of

a water pricing policy on water consumption at the catchment level. G�omez-Lim�on
and Riesgo (2004) developed a methodology to evaluate alternative irrigation water

pricing policies, while Varela-Ortega (2003) and Mejias et al. (2004) examined the

effect of different policy scenarios for wetland conservation (mainly water pricing

policies) on agricultural water use, farmers’ incomes, and government revenue. Fu

et al. (2002) developed an agricultural production function with water as a factor

input for setting up irrigation water quota targets in Sanjiang Plain. Guo and Wang

(2004), Mao (2005), Wei et al. (2007), and Su (2003) discussed the effectiveness of

a water pricing policy in enhancing agricultural water efficiency in China. Wang

and Zhou (1987), Liu et al. (2005), and Zhao (2006) applied an agricultural water-

saving decision support model for western China, where water scarcity is a major

issue.

In China, the direction of agricultural water price reform has been as follows:

first, improving the measurement devices; second, charging on volume instead of

acreage; and third, increasing the water price to cover the water supply cost. The

goal of the first two is to promote water saving while the last one is to maintain the

operation and management of the irrigation services.

But in Sanjiang Plain, generally speaking, administrative mechanisms, such as

water resource plans and engineering projects, are still the dominant instruments in

water resource allocation (Songliao Water Resources Commission 2005). The use

of market mechanisms in water resource allocation is still rare in the region. The

existing system, which lacks economic incentives to control water use, is

unsustainable.

There are problems that cannot be solved by a water pricing policy alone, for

example, the low willingness to pay of farmers; difficulty in collecting water fees,

water fee cuts, and embezzlement by the fee collectors; and the poor management
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and maintenance of the irrigation canals, especially the end parts, the maintenance

of which is not funded by the government. These problems must be addressed by a

proper reform of the irrigation district management system.

Policy Options

Policy Goal

As noted, for the purpose of this study, to meet the water conservation demands of

the Qixinghe Wetland, the policy goal was assumed to be a reduction in off-site

water use of about 8 million m3 (equivalent to about 20 % of the ecological water

demand of the wetland), thereby allowing an increased water supply to the wetland

without diminishing socioeconomic growth of the surrounding areas. Conservation

of the wetland will ultimately improve the water resources and climate in the

watershed and support its sustainable development.

Prospective Policy Options

In China, most reforms in water allocation have been initiated by the upper-level

government authorities rather than at the local/county levels, so in the policy design

in this study, the focus was on what could be implemented at the local level without

excessive political or bureaucratic complexity. Through consultation with local

officials and experts, policy options to reduce off-site water use were considered

that included water-saving measures involving agro-hydraulic engineering, better

agricultural skills, and water management reforms.

Before designing policy options for solving the water scarcity problem in the

wetland, a preliminary screening was carried out of all potential policy options,

based mainly on the general feasibility of the options, including the legal and

political feasibility. The results of this assessment are shown in Table 14.1.

Options for Evaluation

Based on the above preliminary screening, the most feasible options selected for

detailed evaluation were the following:

Option I: Irrigation System Reconstruction (ISR) Reconstructing the irrigation

network for water-saving purposes
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Option II: Ecological Water Control Reservoir (EWC) Constructing a small dam to

store and control floodwater to increase the water supply and relieve seasonal

water scarcity

Option III: Water-Saving Practices (WSP) Introducing water-saving practices to

reduce water usage for paddy planting

Option IV: Switching from Paddy to Dry Crops (PTD) Changing from paddy to dry

crops to reduce water use in paddy planting

Each policy option was evaluated in terms of cost (104 RMB/year), water saved

(m3/year), farmers’ income loss, and government revenue and expenditure.

Implementation Zone and Stakeholders

Based on our local investigation and experts’ advice, we chose six zones directly

adjacent to and competing in water use with the QNNR in which to implement the

four policy options: two small towns in Baoqing County in the rural areas (Qixinghe

town (QHT) and Qixingpao town (QPT)) and two branch farms of the WJQ state

farm (WJQ-4 and WJQ-5) and two of the Youyi farm (Youyi-6 and Youyi-8.) The

main stakeholders potentially affected by the selected policy options at the local

level included the government (Water Affairs Bureau, Agriculture Development

Commission, Wetland Management Bureau, etc.), enterprises (state-owned farms,

water supply enterprises, etc.), and farmers.

Table 14.1 Framework for policy options selection

Problem

Factors contributing

to the problem Strategy Options

Decreasing

water table in

wetland

Competitive water

use in surrounding

area

Reducing off-site agri-

culture water use

(1) Reconstructing the irri-

gation system for water

conservation

(2) Water-saving planting

practices

(3) Change from paddy to

dry crops

(4) Management measures

like water permits and

water fees

Accelerated water

drainage in whole

watersheds

Increasing the amount of

stored water

(5) Restricting the expan-

sion of paddy fields

(6) Building new facilities

to retain water

Reduced water

inflow

Securing water (7) Afforestation in

upstream areasInflow (by improving

the water cycle in the

watershed)
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The state-owned farms are normally categorized as enterprises, but they function

as government units and are operated according to government procedures. Water

supply enterprises (such as reservoir and irrigation district enterprises) are not pure

enterprises but are part of the Water Affairs Bureau. They have to remain finan-

cially viable in terms of their operational costs by providing water supply services

and charging water fees, similar to some public service sectors. In the analysis,

state-owned farms and water supply enterprises were treated as part of the govern-

ment with their own specific interests under each policy option.

For each policy option, stakeholders may have different roles and be affected in

different ways or to different degrees. They may also attach different degrees of

importance to the options or exert varying levels of influence on the decision-

making and implementation processes.

Economic Evaluation of Water-Saving Policy Options

Option I: Irrigation System Reconstruction (ISR)

Description

In order to save water to meet the ecological water demand of the wetland, this

option involves a reconstruction of the irrigation system in the surrounding areas

that compete with the wetland for water by – among other things – sharing the same

water sources as the wetland.

These measures would more effectively ensure the supply of water for agricul-

ture, improve the efficiency of the water canal system, and lay the foundation for

implementing field water-saving practices and water pricing policies. The option

includes designing an appropriate irrigation system to save 8 million m3 of water to

meet the wetland’s ecological water needs.

Cost-Effectiveness

The main costs involved in Option I comprise the capital costs of the infrastructure

and running costs, with the residual value of capital as a cost offset. The cost-

effectiveness results are shown in Table 14.2. They were calculated in terms of the

cost of water saving per ha, the water-saving volume per hectare, and cost-effec-

tiveness at discount rates of 2 %, 5 %, and 8 %.

Distributional Effects

In order to understand how the stakeholders would contribute to or gain from

Option I, the incidence of costs and effects was assessed, as shown in Table 14.3.
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Option II: Ecological Water Control Reservoir (EWC)

Description

This option involves building a small dam to store and control floodwater at a

suitable location in upstream areas. Such a proposal was raised by the local

government years ago. Preliminary investigations were also conducted. The same

proposal was used in the present study. It involves building a reservoir midstream

along Qixinghe’s first branch, the Jinshahe River, located in Qixingpao town in

Baoqing County, with the aim of retaining floodwaters and the excess water of the

Jinshahe River for irrigation.

Cost-Effectiveness

The costs incurred for Option II are again the capital costs of infrastructure and

running costs. The results of the cost-effectiveness analysis are shown in Table 14.4

assuming discount rates ranging from 2 % to 8 %.

Distributional Effects

The investment for this project would be mainly funded by the government, and the

government would also have to bear the running costs (see Table 14.5). The water

Table 14.2 Cost-effectiveness analysis of Option I (at different discount rates)

r EISR
t (106 m3/year) TCISR (106 RMB) TEISR (106 m3)

C/E
(RMB/m3)

2 % 8.00 22.89 179.17 0.128

5 % 8.00 20.14 122.98 0.164

8 % 8.00 18.52 90.06 0.206

Table 14.3 Distribution of the costs and effects of Option I

Stakeholder Costs Effects

Farmers The operation and maintenance of the irrigation

system need to be covered by the water fees paid by

the farmers, i.e., 552 RMB/ha

–

Government Irrigation reconstruction investment cost: 19.74

million RMB

Saving 8 million cubic

meters of water per year

Table 14.4 Cost-

effectiveness analysis of

Option II
r TCEWC (106 RMB)

TE (106 m3)

C/E (RMB/m3)EWC

2 % 100.97 155.43 0.650

5 % 87.39 106.68 0.819

8 % 79.44 78.13 1.017
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saving would mainly serve the purpose of supplying water to the wetland to create

ecological benefits. There would be no direct costs and effects for the farmers as

there would be no direct impact on yields and water-use methods. However, an

indirect benefit could be a yield increase as a consequence of improved local

environmental conditions

Option III: Water-Saving Planting Practices (WSP)

Description

In this option, the government provides training in water-saving planting skills for

farmers by organizing classes and promoting the implementation of the skills. The

Agricultural Techniques Promotion Center (ATPC) of Baoqing County would be

the appropriate implementing agency, responsible for engaging agricultural pro-

fessionals to give water-saving training to farmers at the village level. The training

would be held every year during the project period of 30 years. Each class is

estimated to have 20 trainees. The ATPC would provide the trainers, training

materials, and support services until the farmers could successfully implement the

water-saving practices. The ATPC would also monitor and evaluate implementa-

tion of the program.

Cost-Effectiveness

For the government, the costs of this option consist of the training and management

costs, including monitoring and evaluation. On the farmers’ side, the option would

involve learning costs, mainly in terms of time, but the benefits would be savings on

water fees, water, and energy and increased productivity. The cost-effectiveness

analysis results for this option are shown in Table 14.6 at discount rates of 2, 5, and

8 %. Although the cost-effectiveness of this option seems ideal, it could not be

achieved without meeting some prerequisites such as irrigation system improve-

ment, installation of water measurement devices, and economic incentives. A high

water price would act as an economic incentive for farmers to implement water-

saving practices.

Table 14.5 Distribution of costs and effects of Option II

Distribution Costs Effects

Farmers – –

Government Investment cost, 67.55 million RMB; compensation cost,

19.38 million RMB; running cost, 1.93 million

RMB/year

Water saving of 6.94

million m3/year
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Distributional Effects

This proposal assumes that the government would provide the water-saving training

at no charge, which means that the government would bear the main cost

(Table 14.7).

Option IV: Switching from Paddy to Dry Crops (PTD)

Description

Switching from paddy to dry (or dryland) crops is another potential choice to

achieve water saving. In the targeted policy implementation areas, dry crops are

completely reliant on rainfall and do not require irrigation. Thus, switching from

paddy to dry crops is expected to save a large amount of water. Changing from rice

to dry crops is not unusual in local areas. In the survey, it was found that farmers

chose to change crops for many reasons such as crop price fluctuation and condi-

tions of land and water resources.

The roles of the government in this option include being the provider of

information, helping farmers identify appropriate farmland, and promoting the

change from paddy to dry crops. Farmers are the most important actors in this

option. Changing from paddy to dry crops will impact farmers’ net incomes.

Significant price gaps between paddy and dryland crops would decrease farmers’
willingness to switch, so the net income change caused by this option should be

carefully considered.

Table 14.6 Cost-effectiveness analysis of Option III (at different discount rates)

R (%) TCWSP (10
6 RMB) TEWSP (10

6 m3) C/E (RMB/m3)

2 1.50 179.17 0.008

5 1.03 122.98 0.008

8 0.75 90.06 0.008

Table 14.7 Distribution of the costs and effects of Option III

Stakeholder Costs (103 RMB) Effects (106 m3)

Farmers – –

Government Training cost: 51,940 RMB/year Saving 8 million m3 of water per year

Management cost: 14,840 RMB/year
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Cost-Effectiveness

The main costs of this option involve short-term costs associated with reduced

productivity and the cost of leveling land. Long-term costs would comprise losses

of farmers’ income resulting from the switch from rice to dryland crops, for which

only a lower price can be obtained. The results of the cost-effectiveness analysis are

presented in Table 14.8 for a switch from paddy to soybeans and in Table 14.9 for a

switch to corn.

The cost of changing from paddy to corn is a little higher than that of changing

from paddy to soybean, and the higher one was chosen to compare with the cost-

effectiveness of the other three options.

Distributional Effects

Table 14.10 shows how farmers absorb both the short-term and long-term costs of

Option IV. However, as the representative of public welfare, the government can be

considered the main beneficiary from meeting the water-saving target.

Economic Comparison of Options

The overall results of the option analysis are shown in Table 14.11. Option III is the

most cost-effective. The next most cost-effective is Option IV and then Option

I. The least cost-effective is Option II. Regarding the distribution of costs, Option I

distributes the costs between farmers and the government. Option II imposes a high

cost on the government. Option III involves a low cost to the government. Option

IV has a medium-level cost, borne by farmers.

Table 14.8 Cost-effectiveness analysis of the switch from paddy to soybean (at different discount

rates)

Paddy to soybean (%) TCPTD (106 RMB) TEPTD (106 m3) C/E (RMB/m3)

2 15.53 179.17 0.087

5 10.90 122.98 0.089

8 8.18 90.06 0.091

Table 14.9 Cost-effectiveness analysis of the switch from paddy to corn (at different discount

rates)

Paddy to corn (%) TCPTD (106 RMB) TEPTD (106 m3) C/E (RMB/m3)

2 17.34 179.17 0.097

5 12.13 122.98 0.097

8 9.07 90.06 0.101
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Regarding the sensitivity of the cost-effectiveness (C/E) ratio to different dis-

count rates, it was determined that Option II is the most sensitive, followed by

Option I and then Option IV. Option III is insensitive to the discount rate. The

comparative relationship between the four options, however, does not change under

discount rates ranging from 2 to 8 %. The only exception is the comparative

relationship between Option I and Option IV, which changes under very low

discount rates.

Table 14.10 Distribution of the costs and effects of Option IV

Stakeholder

Costs

EffectsPaddy to soybean Paddy to corn

Farmers Short-term cost: Short-term cost:

1,518,055.8 RMB in the

first year

1,559,975.8 RMB in

the first year

Long-term cost: Long-term cost:

655,569.75 RMB/year 738,035.6 RMB/year

Government Saving 8 million m3 of

water per year

Table 14.11 Comparison of the cost-effectiveness and distributional cost effects of options (at a

discount rate of 5 %)

Options

Costs

(106

RMB)

Effects

(106 m3)

C/E

(RMB/m3)

Distributional Cost Effects

Government revenue

and expenditure Farmers’ income

I (ISR) 20.14 122.98 0.164 19.7 million RMB for

irrigation reconstruc-

tion – a one-off

investment cost

552 RMB/ha/year for the

running cost of the irriga-

tion system

II

(EWC)

87.39 106.68 0.819 67.7 million RMB

one-off investment

cost

–

19.4 million RMB

compensation cost

1.9 million RMB

running cost per year

III

(WSP)

1.03 122.98 0.008 51,940 RMB/year

training cost

–

14,840 RMB/year

management cost

IV

(PTD)

10.90 122.98 0.089 – Paddy to soybean as

example: short-term

cost¼ 1.52 million RMB

in the first year; long-term

cost¼ 0.66 million

RMB/year
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Trade-Off Between Policy Options

Multiple Criteria for Comparing Options

Based on consultations with the local officials, four different criteria were chosen to

compare the trade-offs between the four options: cost-effectiveness, reliability in

achieving the water-saving effect, government’s attitude, and acceptance by

farmers. Cost-effectiveness was quantified in terms of RMB per m3 of water

saved, while the other three were scored on a scale of 1–4. Reliability and govern-

ment’s attitude were investigated by interviewing technical experts and relevant

government agencies, respectively. Farmers’ attitudes were surveyed, during which
farmers were required to choose only two preferred options from the four, and a

higher score means the options were chosen as the best two more often. Trade-offs

between the four options are summarized in Table 14.12.

Ranking of Options

The final ranking of options appears in Table 14.13. If an option ranked first, it was

allocated a score of 10. If it ranked second, third, and fourth, it received a score of

8, 5, and 0, respectively.

It can be seen that each of the options has pros and cons. Option III is the most

cost-effective, while Option II has the highest reliability in terms of water saving

Table 14.12 Trade-offs between the four policy options

Criteria Option I: ISR Option II: EWC

Option III:

WSP

Option IV:

PTD

Water saved 8 million m3 6.94 million m3 8 million m3 8 million m3

Cost-

effectiveness

0.164 RMB/m3 0.819 RMB/m3 0.008

RMB/m3
0.089

RMB/m3

Reliability in

achieving the

effect

High High Medium Low

Needs good

management

Needs mechanism to

guarantee supply to

wetland

Needs

incentive

Needs

incentive

Unsustainable

in the long run

Needs mechanism

to guarantee supply

to wetland

Government’s
attitude

High Medium High Low

Matches policy pri-

ority and funding

mechanism

Has technical sup-

port but no financial

capacity

Not

independent

Acceptance by

farmers

High High Medium Low

Not sure about cost

burden

No cost

Note: For cost-effectiveness, the lower the value, the more cost-effective the option
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and is the most supported by the farmers, but the cost is extremely high for the local

government. Option I, on the other hand, has the government’s greatest support.
Given the same weighting for all four criteria, Option I is the best overall policy,

while Option III ranks second, Option II ranks third, and Option IV is the least

feasible.

Conclusions and Policy Recommendations

General Conclusions

Among the four policy options designed at the local level to manage the off-site

agricultural water use, taking consideration the reliability of supplying water to the

wetland, cost-effectiveness, and the attitudes of the government and farmers, we

concluded that Option I (irrigation system reconstruction or ISR) was the optimal

option. Option III (the promotion of water-saving planting practices or WPP) was

the second best and could in fact be complementary to Option I. As for the

implementation, both the ISR and WPP options require reform of the water pricing

policy and improvement of the irrigation district management system.

The current water pricing system (charging according to acreage and having a

low charge rate) has brought about low collection of water fees, to the extent that

the water fees collected are insufficient to cover the running costs of the irrigation

system. Even if the irrigation project were to be put in place, without strengthening

the implementation of the water pricing policy, it would still result in an ineffective

irrigation system.

The same is the case for water-saving planting practices. Under the low water

pricing policy, there is no incentive for farmers to take water-saving action, so even

if the irrigation project were put in place, incentives would still be needed to

encourage farmers to adopt these practices to create real water savings.

In order to ensure the effectiveness of the proposed measures, an effective

pricing policy should be established that provides economic incentives to ensure

implementation. Increasing the water price is a logical must step in this direction.

Table 14.13 Ranking of the four policy options

Criteria

Option I:

ISR

Option II:

EWC

Option III:

WSP

Option IV:

PTD

Cost-effectiveness 5 (3) 0 (4) 10 (1) 8 (2)

Reliability in achieving the

effect

8 (2) 10 (1) 5 (3) 0 (4)

Government’s attitude 10 (1) 5 (3) 8 (2) 0 (4)

Acceptance by farmers 8 (2) 10 (1) 5 (3) 0 (4)

Total score (ranking) 31 (1) 25 (3) 28 (2) 8 (4)

Note: The rank of the options is given in parenthesis (1¼ best option; 4¼worst option)
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The irrigation district management system should also be reformed in order to

create an institutional environment to support a new water pricing policy.

Other mechanisms are required to ensure that the water-saving effects are

converted to ecological benefits in terms of wetland conservation. The options

above presume that the water saved will not be diverted to other water users but

will be allocated to the wetland. However, the analysis revealed that whether the

water saved will be allocated to the wetland depends mainly on the water resource

management authorities.

Policy Recommendations

Given the findings of the study, several policy recommendations can be made. In

order to tackle the wetland water shortage problem, the local government could

reconstruct the irrigation system in the surrounding area of the Qixinghe Wetland

for water-saving purposes as soon as possible, while restricting further expansion of

paddy fields in the Qixinghe River basin.

Water-saving practices should be continually promoted by providing regular

training to farmers. The option of water-saving planting practices was found to be

the most cost-effective, so it should be applied as fully as possible. The training is

also necessary because the study found that local farmers were not very open to

water saving.

Speeding up water pricing reforms and irrigation district management system

reforms is important. The implementation of hard measures needs to be strength-

ened by using economic incentives.

Reconstructing the irrigation system and promoting water-saving planting prac-

tices should be conducted at the same time as irrigation management and water

pricing reforms to accelerate the whole process. The direction of agricultural water

pricing reform should be to make economic benefits play a role in water resource

allocation.

The key constraint for wetlands in competing with other water users is the lack

of funding. Making the wetland a competitive water user, by arranging for funding

for reliable water supply under the National Wetland Protection Program, is

necessary. In view of the wetland’s spill-over benefits, such funds should be

guaranteed by the government. The current funding mechanism for wetland con-

servation does not take full account of the wetland’s water resource demands. It is

suggested that the central government set up a special budget for dealing with the

problem of water shortage in wetland conservation.

For the provincial government, it is recommended that a water resource plan for

the whole Qixinghe River basin be made as soon as possible, taking account of the

real ecological water demands of the wetland.

Appropriate institutional arrangements should also be made at the provincial

level by involving representative wetland departments in the decision-making

process for water allocation and agricultural development.
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Part V

Adaptation to Climate Change



Chapter 15

Economic Vulnerability and Possible
Adaptation to Coastal Erosion in San
Fernando City, Philippines

Jaimie Kim B. Arias, Moises A. Dorado, and Rowena Dorado

Abstract Coastal erosion or shoreline retreat, resulting from natural and human

activities, is currently affecting many Philippine coastal areas. This research eval-

uates the adaptation strategies of planned protection (i.e., construction of bulkheads

and revetments complemented by bioengineering measures) and relocation relative

to the business-as-usual strategy (the construction of bulkheads) in San Fernando

Bay in La Union, Philippines. Study results show that about 300 structures,

283,085 m2 of land, and 123,033 m2 of beach along San Fernando Bay will be

lost to coastal erosion/shoreline retreat by the year 2100. Planned protection, which

is a combination of hard and soft measures, yields the highest net present value

(NPV) of about Php 148.63 million under the assumption that beaches are not

resilient (Scenario A) and about Php 126.78 million under the assumption that

beaches are resilient (Scenario B), at a discount rate of 6 %. This strategy is

supported by both the government and the locality. The key issue is where to get

the funding to support the project.
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Sensitivity analysis
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Introduction

Background

Coastal erosion or shoreline retreat is currently affecting many coastal areas in the

Philippines. It is also prevalent in other countries in Southeast Asia including

Malaysia (Zamali and Lee 1991), Vietnam (Mazda et al. 1997; Ngo et al. 2006),

Indonesia (Prasetya and Black 2003), and Thailand (Prinya 1996). Natural factors

such as wind and waves, long-shore currents, and tectonic activities, as well as

anthropogenic factors such as dam construction, sand mining, coral reef destruc-

tion, groundwater extraction, wetlands conversion, dredging of inlets for naviga-

tion, and boat traffic, have been identified as the factors contributing to the hazard.

The impact of this coastal hazard is expected to become more widespread due to

climate change and sea-level rise as well as with the continuing urbanization and

development of coastal communities in the country. The hazard can inflict serious

adverse impacts on society. Land, properties, infrastructure, and natural resources,

such as sandy beaches, can be destroyed.

It is not surprising that huge efforts are being exerted to mitigate the impacts of

the hazard. Typical responses usually involve protection activities or retreat. These

adaptation options, however, entail large investments and sometimes even cause

undesirable impacts. It is important, therefore, to carefully evaluate and assess the

feasibility of these options before an action is taken. Studies have pinpointed that

sea-level rise can exacerbate the extent of coastal erosion/shoreline retreat as low-

lying areas become inundated (Mimura and Harasawa 2000; Hareau et al. 1999).

With the archipelagic nature of the country, many areas in the Philippines are prone

to coastal erosion/shoreline retreat. In fact, it has been documented in several areas

of the country, including La Union (Salvador et al. 1997; Siringan et al. 2004),

Bataan (Perez et al. 1999), and Leyte (Balce et al. 1999).

When coastal erosion/shoreline retreat occurs, adverse impacts on society, the

economy, and the environment are to be expected. These include the loss of

beaches, loss of land, loss of livelihood, displacement of people, and destruction

of property and infrastructure. As a response, adaptation strategies are usually

undertaken to address the hazard. These adaptations take the form of either protec-

tion or retreat/relocation which entail huge investments and sometimes even have

undesirable impacts and consequences. It is necessary, therefore, that an evaluation

of adaptation strategies be undertaken to ensure efficient coastal erosion/shoreline

retreat management.

Recognizing this need, this study evaluated three adaptation strategies to coastal

erosion/shoreline retreat in one of the coastal areas in the country identified to be

experiencing the hazard, i.e., San Fernando Bay in San Fernando City, La Union

Province. In support of this goal, the areas at risk to coastal erosion/shoreline retreat

until 2100 were first delineated, and the economic vulnerability of these areas was

then quantified.
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Research Objectives

The general objective of this study was to estimate the economic vulnerability of

San Fernando Bay in San Fernando City, La Union, to coastal erosion/shoreline

retreat and identify and evaluate various adaptation options to address the hazard.

The specific objectives were as follows:

• To identify and delineate critical areas at risk to coastal erosion/shoreline retreat

until 2100

• To prepare an inventory and estimate of the value of resources, properties,

structures, and economic activities at risk to coastal erosion/shoreline retreat

• To identify possible adaptation strategies to address coastal erosion/shoreline

retreat

• To conduct a cost-benefit analysis on the identified adaptation strategies

• To evaluate the different adaptation strategies based on social, administrative,

and legal/political feasibility

Methodology

Study Site

The selected study site, San Fernando Bay, is located in the northwestern part of

San Fernando City, La Union. San Fernando City is a densely populated coastal city

and the provincial capital of La Union Province. It is an important area not only

because of its function as the administrative seat of the provincial government but

also because of its economic and strategic significance. Lying about 270 km

northwest of Manila, cradled by the South China Sea in the west, and the moun-

tainous boundaries of the Cordillera Mountain Range in the east, the city serves as

the gateway to the northern Philippines, the Ilocos Region. San Fernando Bay was

chosen because it was identified as an area where coastal erosion was prevalent

(Siringan et al. 2004) and which was densely populated. The area was already built-

up; hence, there was no need to project the trends in the future development in

the bay.

The study covers approximately 7 km of the 9-km coastline. The total population

of the coastal barangays in San Fernando Bay is about 25,235 with households

numbering 5,520. The average household size is five, and the average household

income is Php 132,460 per annum. All the eight barangays are built-up and

considered as 100 % urban by the City Planning and Development Office

(CPDO). With an estimated poverty threshold of about Php 77,350 per annum, an

estimated 44 % of the total population can be considered as poor. The unemploy-

ment rate is also very high, averaging about 57 %. With only half of the population

having completed secondary education, most of the residents are engaged in
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service-related occupations. The primary occupations are fishing, fish vending,

driving, construction labor, teaching, stevedoring, and overseas employment (San

Fernando CPDO 2006a).

Factors Affecting Coastal Erosion

Siringan et al. (2004) identified five factors that contributed to coastal erosion along

San Fernando Bay: (a) sea-level rise – global tectonics which cause inundation of

low-lying areas, (b) climate change which causes changes in precipitation and

storminess, (c) land cover changes which affected sediment yields of the river,

(d) shifting river mouth positions which lead to sediment budget deficits along the

coast, and (e) human activities which include mining, construction of seawalls and

ripraps, and destruction of coral reefs, mangroves, and sand dunes.

Identification of Areas at Risk

The analytical methods applied in the prediction of the possible change in San

Fernando Bay coastline included Markov chain analysis (MCA) (Anderson and

Goodman 1957) and the cellular automata (CA). The MCA is a convenient tool for

modeling change particularly when changes and processes are difficult to describe.

The Markovian process enables modeling of a future condition purely from the

immediately preceding condition, which means that the effects of the different

factors are taken collectively. The MCA, however, lacks the ability to show where

possible changes may occur. It quantifies the probability, but it does not show the

spatial distribution of the predicted changes. The CA was therefore used in tandem

with the MCA to introduce the spatial aspect to the modeling of change.

The 1966 San Fernando Harbor map was used as the initial state for the MCA.

The present condition of the shore was developed from 2005 aerial photos and the

GPS survey. This present condition was used as the second state for the MCA. The

data from the 1977 topographic maps and SRTM were used as transition states/

conditions.

Economic Vulnerability and Risk Assessment

Economic vulnerability, as used in this study, refers to the potential damage from

coastal retreat under the “no action” assumption. The “no action” assumption is

different from the “business as usual” in that the latter takes into consideration

current adaptation measures already being undertaken.
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From the “areas at risk” projections, the threatened lands, threatened buildings,

and threatened beaches were first identified and delineated. An inventory of the

buildings and infrastructures was then undertaken using aerial photographs from

Google (2005) and the spot maps collected from the barangay offices. On-site

validation was also conducted. Then economic vulnerability (EV) was computed

based on three sources: (a) the value of threatened buildings and infrastructures,

(b) the value of threatened lands, and (c) the value of environmental services from

threatened beaches.

In the estimation of economic vulnerability, the following assumptions were

made: (a) the current land use will prevail in the future (up to 2100); (b) the

potential increase in land prices, due to population pressure and increase in demand,

will be offset by the potential decrease in prices due to coastal erosion; (c) no new

construction and real estate development will occur within the study period since

open lands (undeveloped lands) comprise only a small portion of the total land area,

while most of the vulnerable areas are already built-up; and (d) the depreciation of

structures will be offset by repairs and renovation so that the houses will retain their

current market values (up to 2100).

Value of Threatened Buildings and Structures

Data on property values was obtained by undertaking the following steps:

(a) examination of tax maps to get the property identification number of the

buildings within the areas at risk, (b) opening of books at the Assessor’s office to

get the tax declaration numbers based on the property identification numbers, and

(c) checking the tax declaration forms to get information on building characteris-

tics, land use category, and market values. Properties within 100 m from the

coastline were isolated, which served as the sample for computing the per square

meter market value of the buildings. The 100-m delineation was used since the

projected coastline retreat was estimated to average 100 m inward. The market

values of buildings quoted in the books were then adjusted to 2006 price levels, and

a statistical analysis was conducted to estimate the per unit values. To estimate the

market value of buildings, the estimated per unit value was multiplied by the total

building floor area. The cost of construction, on the other hand, was used in

estimating the value of threatened public infrastructure, the data for which was

sourced from the City Planning Office.

Value of Threatened Lands

For the value of the threatened lands, current market prices were used based on the

average prices quoted by real estate brokers. The market value was estimated at Php

3,200 per square meter.
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Value of Environmental Services from Threatened Beaches

Beaches provide important regulatory, ecological, and economic functions. One

regulatory function of beaches is that they act as a natural protection and armor for

coastal properties against storm surges and waves (US Army Corps of Engineers

1981). They also serve as habitats for diverse biological species and provide

recreational services. To estimate the recreational value of the beaches in San

Fernando Bay, the study applied the benefit-transfer method. In this study, the

recreational values of beaches estimated by Colgan and Lake (1992) applied in a

US Environmental Protection Agency research project on sea-level rise in Maine,

USA, were used. The values were translated into local currency using the shadow

exchange rate, and further adjustments were made based on the prevailing recrea-

tional use of the beaches in San Fernando City.

To approximate the economic value of docking services, the producer surplus of

fishermen in San Fernando Bay was estimated. The producer surplus was calculated

by deducting the costs incurred from the fishing activity from the gross income

received from fishing. Secondary data from the San Fernando LGU Planning Office

was used.

Benefits and Costs of Adaptation

In the CBA, a total of six scenarios (S1–S6) were considered (Table 15.1). The

scenarios were based on two assumptions about the resilience of the beaches in San

Fernando Bay (Scenario A, the beaches are not resilient; Scenario B, the beaches

are resilient) combined with three assumptions about the level of erosion impacts –

low, average, and high.

The estimation of the costs and benefits of the three adaptation strategies

(“business as usual,” planned adaptation, and planned retreat) was undertaken

from a local perspective. The stakeholders included in the study were fishermen,

households, and businesses situated in the areas at risk to coastal erosion/shoreline

retreat in the study site as well as the local government of San Fernando City.

The benefit of an adaptation option is essentially the potential damages avoided

as a result of undertaking the adaptation activity. This was computed as a fraction of

economic vulnerability. Suppose, for example, a certain adaptation option is able to

save x% of the total buildings and x% of the total land area at risk, then the benefit is

computed as x% of the total value of threatened buildings and x% of the total value

of land. The cost estimates, on the other hand, include construction and mainte-

nance costs as well as the value of the potential losses resulting from undertaking

the adaptation option. In the calculation of the stream of benefits and costs, it was

assumed that the rate of coastal erosion/shoreline retreat was constant (i.e., the loss

of land was spread evenly over time).
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To determine the economic acceptability of the adaptation options, the net

present value (NPV) of each option was computed using the usual formula. The

rule applied was to adopt the project with the largest NPV.

A sensitivity analysis was carried out with varied discount rates to determine the

sensitivity of NPV calculations to the rates. The appropriate discount rate used to

evaluate the options was assumed to range from 3 to 6 %, but a 15 % discount rate

was also included in the analysis since this was the rate that the National Economic

Development Authority (NEDA) was using in evaluating the acceptability of

investment projects in the Philippines.

Results and Discussion

Areas at Risk

The current and projected shorelines by 2100 were superimposed so as to delineate

the areas at risk. The projections are based on the cumulative effects of all factors

including sea-level rise. There are no areas where accretion is projected. The

possible reason for this is because of the assumption that all of the shoreline will

be inundated by one meter because of sea-level rise by 2100, and this has created a

future condition of guaranteed erosion along the shore. Coastal retreat was

projected to range between 30 and 140 m inland. In all, the total land area at risk

was estimated to be 283,085 m2, while the total beach area at risk was 123,033 m2

(Table 15.2).

Table 15.1 Scenarios used in the study

Scenario

Scenario A: the beaches are not
resilient and will be eroded away with

shoreline retreat

Scenario B: the beaches are resilient and
will remain in spite of shoreline retreat

(even without applying beach erosion

mitigation)

Low

impact

S1 S2

Average

impact

S3 S4

High

impact

S5 S6

Note: S1–S6 in the table refer to different scenarios based on coastal erosion impact and beach

resilience
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Economic Values at Risk

Value of Threatened Lands

The impacts of coastal erosion/shoreline retreat are primarily felt through the loss

of land resources. Based on the projections of shoreline retreat, the total land area at

risk was segregated according to the actual use. Figure 15.1 shows that the largest

proportion is currently allocated for residential use, followed by institutional,

commercial, and open lands.

Institutional lands are those that are occupied by school and government build-

ings, while commercial lands are for restaurants, hotels, and other commercial

establishments. It was estimated that the current total value of threatened lands

was about Php 932.5 million or USD 21 million.

Value of Threatened Buildings and Structures

The number of residential structures at risk adds up to almost 300. These houses

were categorized according to size: small for houses with a floor area of less than or

equal to 50 m2, medium for houses with 51–100 m2 of floor area, and large houses

with floor areas greater than 100 m2 (Table 15.3).

Apart from the residential structures, there were institutional and commercial

buildings situated within the areas at risk to coastal erosion. These included four

educational establishments, three churches, a plant, two restaurants, a hotel, and

four government-owned buildings. The total current value of the structures or

capital threatened by coastal erosion was estimated to be Php 112.1 million or

USD 2.5 million.

Value of Environmental Services from Threatened Beaches

The recreational value of beaches adopted by the US Environmental Protection

Agency (EPA) in their 1995 research project on sea-level rise planning in Maine

Table 15.2 Summary of

projected land and beach loss

by 2100
Barangay

Land loss

(sq. m.)

Beach loss

(sq. m.)

Dalumpinas Oeste 59,107 38,435

Lingsat 89,693 17,375

Carlatan 30,117 8,482

Pagdaraoan 30,495 4,534

Ilocanos Norte 15,297 –

Ilocanos Sur 22,021 4,939

Catbangen/Poro 36,355 49,268

Total 283,085 123,033
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(based on the 1992 Colgan and Lake valuation study in Casco Bay) ranged from

USD 6 (low) to USD 54 (high) per person per day. In this study, the low estimate of

USD 6/person/day was used. The simple benefit-transfer method was applied

wherein the estimate was converted into local currency using the shadow

exchange rate.

The results of the household survey showed that 79 % of the respondents utilized

the beaches for recreational purposes. The respondents visited the beaches an

average of five days per week for about two hours per day. As such, corresponding

adjustments were made resulting in an estimated annual recreational value of Php

4.54 million, using the equation below:

Annual Recreational Value of Beaches ¼USD6� Shadow Exchange Rate SERð Þ
�0:79� San Fernando Bay coastal

population of 273� 260 days

� 2 h=24 hð Þ:

Apart from recreational services, the beaches along San Fernando Bay also provide

other use benefits. As of 2006, there were 130 registered fishermen and about

300 registered boats that docked along San Fernando Bay. From the secondary

data collected from the CPDO, the average net income of these fishermen was about

Php 566 per week (Table 15.4).

Fig. 15.1 Land areas at risk

Table 15.3 Number of residential structures at risk in San Fernando Bay

Barangay Less than 50 m2 51–100 m2 Above 100 m2 Total

Dalumpinas Oeste 4 10 12 26

Lingsat 6 51 18 75

Carlatan 0 0 1 1

Pagdaraoan 33 29 2 64

Ilocanos Norte 2 40 0 42

Ilocanos Sur 0 31 1 32

Catbangen 15 18 0 33

Total 60 179 34 273
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It was assumed that when the beaches along San Fernando Bay are completely

eroded, access to the beach/sea will be lost, and fishermen living in the area will

have no place to dock their boats. From an interview conducted with 10 fishermen,

the respondents claimed that they had no other docking alternatives if the beaches

along San Fernando Bay were to become completely eroded. Moreover, due to high

unemployment in the city, the probability of changing jobs was very low. As such,

it is expected that the loss of beaches will result in a net welfare loss to society. This

welfare loss was approximated from the current net income that fishermen earned

from fishing. Using the formula below, the docking value of the beaches was

estimated at Php 7.99 million per year:

AnnualDocking Value of Beaches ¼
X

No: of Boatsj � Average Net Incomej � 52 weeks
� �

where j¼ barangay.

Costs of Adaptation Strategies

For the “business-as-usual” strategy, under Scenario A, wherein the beaches are

assumed to be lost as a result of coastal erosion, the costs cover only the construc-

tion and maintenance costs of building the bulkheads. While for Scenario B,

wherein it is assumed that the beaches are resilient, the costs involve the construc-

tion and maintenance costs as well as the value of lost social services (recreation

and docking) from the beach. Under this scenario, it is asserted that the main factor

causing the loss of the beach’s social services is the construction of bulkhead

structures.

The construction and maintenance costs used in the calculations were based on

the appraisal made by an engineering expert, which amounted to about Php 5,000

Table 15.4 San Fernando Bay fishing sector statistics

Barangay

No. of registered

fishermen

Number of registered

boats

Average net income per

week (Php)

Dalumpinas

Oeste

0 0 –

Lingsat 17 28 350.00

Carlatan 3 22 650.00

Pagdaraoan 9 19 434.00

Ilocanos Norte 13 23 350.00

Ilocanos Sur 49 82 477.00

Catbangen 21 63 1,470.00

Poro 25 72 1,539.00

Average 137 312 566.00

San Fernando City Planning and Development Office (2006b)
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per linear meter. The structures are expected to last about 50 years, after which the

bulkheads will be replaced completely. Regular maintenance after the 25th year and

every 5 years thereafter was deemed to be undertaken, the cost of which was

estimated to be equivalent to 40 % of the construction cost (Table 15.5). In the

estimation, the schedule of investments was projected based on the assumption that

the households will start to erect structures only when their properties start to be

encroached by the sea. The costs associated with lost recreational and docking

services, on the other hand, were assumed to be incurred only after the beaches had

been completely eroded.

For the planned retreat strategy, both scenarios entail costs associated with the

loss of land, loss of buildings, and retreat costs. Retreat costs were assumed to be

shouldered by the government and were estimated to be equal to the cost of

procuring the properties. To provide an incentive for property owners to sell, a

premium was assumed to be given by the government on top of the current market

value. Thus, the acquisition cost was equal to the property value plus a 10 %

premium. It was also assumed that relocation would be gradual. Only when the

property was already within the salvage zone area would the government purchase

the property. For this strategy, the major cost component is the purchasing or

acquisition cost.

Comparing the three strategies, the highest cost is from planned retreat, followed

by the “business-as-usual” strategy, while the least cost strategy is planned protec-

tion (Table 15.6).

Benefits of Adaptation Strategies

For the “business-as-usual” strategy, the benefits are attributed to the value of land

and buildings saved in both Scenarios A and B. A large component of the benefit

Table 15.5 Breakdown of the construction costs of the adaptation options (2006 prices)

Costs Bulkheads Revetments Vegetation Revetments + vegetation

Cost per meter

(Php/m)

Labor 1,750 260 12 300

Materials 3,250 1,040 88 1,200

Total 5,000 1,300 100 1,500

Coastal length

protected

(meters)

800 3,500 1,000 1,500

Maintenance

cost

40 % every 5 years after the 25th year

Average

lifespan

(years)

50 50 50 50
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estimation comes from the value of saved lands, contributing about 65 % (at the

15 % discount rate) to 87 % (at the 1 % discount rate) of the total cost.

With the planned protection strategy, the benefits under Scenario A cover the

value of land and buildings as well as the value docking and recreation from the

saved beaches. The stream of benefits derived from the preservation of beach

services was projected to begin only in the year when the beaches were expected

to be complete (the 40th year). Also, since the protection strategy alters the natural

landscape of the beach, it was assumed that only 70 % of the current recreational

benefits will be saved by adopting the strategy, but 100 % of the docking benefits

will be retained. For Scenario B, on the other hand, since beaches are assumed to be

resilient and would not erode even without mitigation, the benefit of the strategy

includes the value only of the saved land and buildings. The component that has the

greatest weight in the benefit estimation is the value of saved lands which covers

about 58–64 % of the total benefits under Scenario A and about 64–87 % under

Scenario B for all discount rates.

For the planned retreat strategy, no benefits are expected to be derived under

Scenario A since without protection, beaches are assumed to erode along with the

Table 15.6 Present values of the costs of the “business-as-usual,” planned protection and planned

retreat strategies (in Php millions)

Scenario A Scenario B

Business

as usual

Discount

Rate

Planned

retreat

Business

as usual

Planned

protection

Planned

retreat

Low 1 % 82.40 37.92 672.31 284.54 59.88 672.31

3 % 38.38 21.32 311.73 86.10 26.50 311.73

4 % 29.06 17.60 233.09 52.80 20.18 233.09

5 % 23.34 15.25 183.26 35.33 16.56 183.26

6 % 19.70 13.72 150.02 25.84 14.39 150.02

10 % 13.63 11.14 86.99 14.11 11.19 86.99

15 % 11.67 10.40 58.12 11.70 10.40 58.12

Average 1 % 82.40 37.92 2,016.93 439.60 76.72 2,016.93

3 % 38.38 21.32 935.20 146.78 33.10 935.20

4 % 29.06 17.60 699.28 91.20 24.35 699.28

5 % 23.34 15.25 549.77 59.81 19.22 549.77

6 % 19.70 13.72 450.06 41.55 16.09 450.06

10 % 13.63 11.14 260.98 16.97 11.50 260.98

15 % 11.67 10.40 174.36 12.09 10.44 174.36

High 1 % 82.40 37.92 1,344.62 628.82 97.28 1,344.62

3 % 38.38 21.32 623.47 256.39 45.00 623.47

4 % 29.06 17.60 466.19 175.34 33.50 466.19

5 % 23.34 15.25 366.52 124.75 26.27 366.52

6 % 19.70 13.72 300.04 91.95 21.57 300.04

10 % 13.63 11.14 173.98 36.17 13.59 173.98

15 % 11.67 10.40 116.24 18.43 11.13 116.24
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retreat of the coastline. For Scenario B, the benefit is the value of the social services

derived from the saved beaches wherein the bulk of the benefit estimate is associ-

ated with docking services.

Table 15.7 shows the present values of the benefits that will be generated from

the three adaptation strategies. Under Scenario A, the planned protection strategy

generates the highest present value of benefits followed by the “business-as-usual”

option and planned retreat. Under Scenario B, planned protection and “business as

usual” generate equal benefits which are higher than the present value of the

benefits from the planned retreat option.

Cost-Benefit Analysis Results and Sensitivity Analysis

The costs and benefits considered in the CBA calculation are summarized in

Table 15.8, while the results of the net present value estimation are shown in

Table 15.9.

Table 15.7 Present values of the benefits of the “business-as-usual,” planned protection and

planned retreat strategies (in Php millions)

Scenario A Scenario B

Business

as usual

Discount

Rate

Planned

retreat

Business

as usual

Planned

protection

Planned

retreat

Low 1 % 320.15 500.32 – 320.15 320.15 202.14

3 % 148.44 190.98 – 148.44 148.44 47.72

4 % 111.00 132.16 – 111.00 111.00 23.74

5 % 87.27 97.95 – 87.27 87.27 11.99

6 % 71.44 76.91 – 71.44 71.44 6.14

10 % 41.42 41.85 – 41.42 41.42 0.48

15 % 27.68 27.70 – 27.68 27.68 0.03

Average 1 % 640.30 958.69 – 640.30 640.30 357.20

3 % 296.89 393.52 – 296.89 296.89 108.41

4 % 221.99 277.38 – 221.99 221.99 62.14

5 % 174.53 207.03 – 174.53 174.53 36.46

6 % 142.88 162.35 – 142.88 142.88 21.85

10 % 82.85 85.82 – 82.85 82.85 3.33

15 % 55.35 55.72 – 55.35 55.35 0.41

High 1 % 960.44 1,447.49 – 960.44 960.44 546.41

3 % 445.33 639.66 – 445.33 445.33 218.01

4 % 332.99 463.38 – 332.99 332.99 146.28

5 % 261.80 352.19 – 261.80 261.80 101.41

6 % 214.32 278.72 – 214.32 214.32 72.25

10 % 124.27 144.36 – 124.27 124.27 22.54

15 % 83.03 89.05 – 83.03 83.03 6.76
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Regardless of the scenario, consistently positive net benefits for the planned

protection and the “business-as-usual” strategies were derived, while the planned

retreat option yielded consistently negative net benefits (Table 15.9). It is seen that

at the 6 % discount rate under the “average” scenario, the “business-as-usual”

option has an NPV of Php 123.18 million under Scenario A and Php 101.33 million

under Scenario B. The planned protection strategy, on the other hand, has an NPV

of Php 148.63 million under Scenario A and Php 126.78 million under Scenario

B. Lastly, the planned retreat option garnered a negative NPV of Php 300.04 million

under Scenario A and negative Php 278.19 under Scenario B.

Also, for all levels of discount rates and for the low and average scenarios, the

NPV estimates from the planned protection strategy were consistently higher than

the “business-as-usual” option. Furthermore, the ratio of the NPV of planned

protection vis-�a-vis “business as usual” is higher under Scenario B (where the

beaches are assumed to be resilient) than under Scenario A. Moreover, the differ-

ence between the NPVs is more pronounced at lower discount rates than at higher

ones. Under Scenario A, the gap between the NPVs of the two options can be

largely attributed to the higher benefits derived from planned protection while there

are only minimal differences in the costs. Under Scenario B, on the other hand, the

difference comes primarily from the higher costs associated with “business as

usual.”

The planned retreat strategy produced negative NPV estimates because the value

of the saved beaches could not offset the cost of relocation (purchasing properties at

Table 15.8 Cost-benefit framework

Adaptation option

Scenario A (beaches are not

resilient)

Scenario B (beaches are

resilient)

Business as

usual (hold

the line)

Benefit Value of saved lands + value of

saved buildings

Value of saved lands + value of

saved buildings

Cost Construction cost of bulkheads Construction cost of bulkheads

+ value of lost economic and

recreational benefits from

beaches

Planned

protection

Benefit Value of saved lands + value of

saved buildings + value of economic

services from saved beaches + 70 %

(value of recreational benefits from

saved beaches)

Value of saved lands + value of

saved buildings

Cost Construction cost of bulkheads,

revetments and planting of

vegetation

Construction cost + 30 % (value

of lost recreational benefits

from beaches)

Planned

retreat

Benefit None Value of economic and recrea-

tional benefits from saved

beaches

Cost Value of lost lands + value of lost

buildings + acquisition cost of

properties

Value of lost lands + value of

lost buildings + acquisition cost

of properties
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10 % premium) and the value of lost properties. Even if it is assumed that the

coastal erosion impact on properties is low, the NPV estimates for planned retreat

are still negative.

Sensitivity analysis can determine whether the same conclusion will hold even if

the impacts are significantly lower or higher than the projections. Under the low

impact scenario wherein it is assumed that the rate of erosion of beaches is slower

by 50 % compared to the average, the NPV of the planned protection strategy is still

higher than the “business-as-usual” option by a ratio of 1.22 for Scenario A and

1.25 for Scenario B, using a discount rate of 6 %. This is equivalent to a difference

of about Php 11.45 million in absolute terms (for both Scenarios A and B). Under

the high impact scenario, the ratio increases to 1.36 for Scenario A and 1.58 under

Scenario B, equivalent to a difference of about Php 70.4 million in absolute terms

(Table 15.10).

Table 15.9 Net present values of adaptation strategies (in Php millions)

Scenario A Scenario B

Business

as usual

Discount

Rate

Planned

retreat

Business

as usual

Planned

protection

Planned

retreat

Low 1 % 237.74 462.41 (672.31) 35.61 260.27 (470.17)

3 % 110.07 169.67 (311.73) 62.34 121.94 (264.01)

4 % 81.94 114.56 (233.09) 58.20 90.81 (209.35)

5 % 63.92 82.70 (183.26) 51.93 70.71 (171.27)

6 % 51.74 63.19 (150.02) 45.60 57.05 (143.88)

7 % 27.79 30.71 (86.99) 27.31 30.23 (86.51)

10 % 16.00 17.30 (58.12) 15.98 17.28 (58.10)

15 % 237.74 462.41 (672.31) 35.61 260.27 (470.17)

Average 1 % 557.89 920.77 (1,344.62) 200.69 563.57 (987.42)

3 % 258.51 372.20 (623.47) 150.11 263.79 (515.06)

4 % 192.94 259.78 (466.19) 130.80 197.64 (404.05)

5 % 151.19 191.78 (366.52) 114.72 155.32 (330.05)

6 % 123.18 148.63 (300.04) 101.33 126.78 (278.19)

10 % 69.22 74.68 (173.98) 65.88 71.35 (170.65)

15 % 43.68 45.32 (116.24) 43.27 44.91 (115.83)

High 1 % 878.04 1,409.57 (2,016.93) 331.63 863.16 (1,470.52)

3 % 406.96 618.34 (935.20) 188.95 400.33 (717.19)

4 % 303.93 445.77 (699.28) 157.65 299.50 (553.00)

5 % 238.45 336.93 (549.77) 137.04 235.53 (448.36)

6 % 194.62 265.00 (450.06) 122.37 192.75 (377.81)

10 % 110.64 133.22 (260.98) 88.11 110.68 (238.44)

15 % 71.36 78.65 (174.36) 64.60 71.90 (167.60)
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Conclusions and Policy Implications

Scenario Outcomes

San Fernando Bay is vulnerable to the impacts of coastal erosion/shoreline retreat.

By 2100, it is projected that about 300 structures, 283,085 m2 of land, and

123,033 m2 of sandy beaches will be lost due to the hazard. The current value of

these capital and land resources is estimated at Php 112.1 million and Php 932.5

million, respectively, while the annual benefits from the threatened sandy beaches

are approximated at Php 4.5 million for recreation and Php 8.0 for docking services.

The study identified three adaptation strategies/options to address the problem:

“business as usual,” planned protection, and planned retreat or relocation. A cost-

benefit analysis was conducted to determine the economic feasibility of these

strategies, while social, legal/political, and administrative feasibility assessments

were also undertaken. Because the resilience of the beaches in San Fernando Bay is

yet to be known, two scenarios were analyzed. In the first scenario, it was assumed

that the beaches (in the study site) were not resilient and would be lost as a

consequence of coastal erosion/shoreline retreat (Scenario A). The second scenario

assumed that the beaches were resilient and would retreat inland (Scenario B). A

sensitivity analysis was carried out to account for uncertainties by varying the

discount rates (from 1 to 15 %) and the coastal erosion impact projections (low,

average, and high).

In the “business-as-usual” framework, the study used the results of the survey to

predict the future responses of property owners. From the survey and site visits, it

was found that most of the household properties had started to be encroached by the

sea and they were adopting the hold-the-line strategy, employing bulkheads/sea-

walls. It was predicted that this would be the prevailing strategy under this option.

This strategy, however, has an undesirable consequence in that it will lead to the

complete loss of the beach and restrict public access to the sea.

For the planned adaptation option, it was assumed that the government would

intervene and implement hard (bulkheads and revetments) and soft (vegetation)

protection along the coast. The goal of these interventions is to maintain public access

and preserve the beaches while at the same time protecting properties and infrastruc-

ture along the coast. The last option, planned retreat, assumed that the government

would prohibit any protection activities by property owners so that the shoreline was

allowed to retreat. In the meantime, the government would gradually purchase

properties situated in “risky” areas to ensure that these areas were vacated over time.

Under the “business-as-usual” strategy, there would be potential losses in terms

of public access to the beaches and other benefits provided by the beaches. These

externalities would arise from the autonomous protection activities of property

owners, whose decisions are based upon expected private benefits and costs.

When a shoreline property owner decides to construct a bulkhead to protect his

property, the external costs (potential impacts on neighboring properties) are not

considered in his decisions. A bulkhead can effectively protect the property imme-

diately behind it, but it can also accentuate the erosion of the beach in front of it. If
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all shoreline property owners built bulkheads to protect their land, this would mean

the subsequent loss of the beach resource and its services. In San Fernando Bay, the

main use of the beach is for recreation by nearby residents and for docking by local

fishermen. They are, therefore, the sectors that would be most affected if the

“business-as-usual” scenario were to prevail.

From the analysis, government-financed planned retreat is not a viable option to

pursue, basically because it would be very costly. However, it should be empha-

sized that the analysis considers solely the impacts of coastal erosion/shoreline

retreat. If the damage costs of other coastal hazards such as tsunamis and typhoons,

which can potentially cause harm to human health and life, are considered, the

benefits of the retreat option may be significantly higher.

It can be concluded that among the three strategies evaluated, the planned

protection strategy is the most rational option to adopt along the coast of San

Fernando Bay. Such a strategy protects the welfare of property owners as well as

satisfying the goal of preserving the beaches and the environmental services

derived from using them. This can be seen from the results of the CBA, wherein

the planned adaptation strategy consistently yielded the highest NPV estimates

under all the scenarios assumed in this study and at varying discount rates. This

adaptation strategy, which combines hard and soft protection, is also socially

feasible with 65 % of the property owners interviewed expressing agreement with

the implementation of the options. It is also politically feasible with 82 % of the city

government officials interviewed expressing a willingness to support the strategy.

Administratively, it is also relatively easier to implement than planned retreat/

relocation and has a lower investment requirement of about Php 57 million com-

pared with Php 1.15 billion for the latter. However, the “business-as-usual” option

is more desirable in terms of administrative feasibility as it will entail no investment

from the government.

Limitations of Study

It is important to note that the conclusions and recommendations derived from this

study are based on projections covering a relatively longtime period of about

100 years. The implication of the long-term frame of analysis is that it became

necessary to adopt certain assumptions particularly with regard to the future rate of

erosion, future use of threatened lands and beaches, and the future response of the

next generation in dealing with coastal erosion/shoreline retreat. The results of the

analysis and conclusions are, therefore, contingent upon these assumptions.

There is also a need to emphasize that the conclusions are restricted to only the

three adaptation options which were identified, based on a stakeholder’s workshop
and appraisals made by our technical expert. Moreover, since no specific engineer-

ing plan was drafted, the calculated construction and maintenance costs should be

considered as rough estimates. Lastly, the study also did not include the potential

impacts of pursuing protection activities in San Fernando Bay on the coastline of

adjacent municipalities, particularly San Juan, La Union.
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Chapter 16

Adaptation to Sea Level Rise
in the Vietnamese Mekong River Delta:
Should a Sea Dike Be Built?

Vo Thanh Danh

Abstract Vietnam is one of the five countries in the world most likely to be

seriously affected by climate change, most particularly from sea level rise (SLR).

This study was conducted in Tra Vinh Province, which borders the Southeast Asia

Sea and therefore represents an area of the Vietnam Mekong Delta (VMD) that

would typically be affected by SLR. A risk cost-benefit analysis of the proposed

construction of a concrete sea dike system to protect from SLR is conducted. The

study develops five dike options associated with three hypotheses on the scale of

different sea dike systems. Option 1 represents a dike that could withstand the

severity of a storm that occurs once every 20 years. Options 2 and 3 represent a dike

that could withstand the severity of a storm that occurs once every 50 years. Lastly,

options 4 and 5 represent a dike that could withstand the severity of a storm that

occurs once every 100 years. Based on the NPV decision rule, the results indicate

that dike options should be recommended as an appropriate adaptation measure for

the VMD, and the larger in scale the dike system options are, the higher are the

ENPVs. The study recommends constructing a small dike system first, with the

future option of increasing its height. The findings support the necessity of

constructing a concrete sea dike system in the VMD given the context of global

climate change.
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Introduction

Background

Vietnam is one of the five countries that may be the most seriously affected by

global climate change and a consequent rise in sea level (SLR). If the sea level rises

by between 0.2 and 0.6 m, 100–200 thousand ha of Vietnamese plains will be

submerged. A 1-m rise would result in 0.3 to 0.5 million ha of the Red River Delta

being submerged, and 90 % of the Vietnam Mekong Delta (VMD) would be

flooded. The SLR scenarios released by the Ministry of Natural Resources and

Environment (MONRE) in 2009 were constructed with two levels of environmental

emergency in mind – a high level and a medium level. The results showed that

compared to 1980–1999, on average, the SLR would measure between 30 and

33 cm and between 74 and 100 cm by the middle and end of this century,

respectively. Table 16.1 presents the SLR scenarios for Vietnam.

According to the MONRE’s forecast, due to the impact of a global rise in sea

levels, 15,000–20,000 km2 of the VMD’s coastal areas would be inundated. Nine of
its thirteen provinces would be completely below water. The current sea dike

system in coastal areas cannot effectively protect people and the land when storms

and high tides occur at the same time. The construction of a sea dike has to be

considered as a potential solution to a rise in sea level.

Sea Dikes in Vietnam

The dike system in the VMD is 1,400 km long, with nearly 620 km of sea dikes. The

current sea dike system in the VMD is made out of earth, set into earth. These dikes

are not able to cope with the level eight storms that come from the Southeast Sea

during the flood season. The sea dike system in the VMD has a unique characteristic

– the sea dikes were created in conjunction with planting mangrove forests, to

further protect the dike.

Some VMD provinces have no sea dikes or not enough sea dikes to prevent

seawater intrusion. For example, in Ca Mau Province, along a coastline of 254 km,

there is only 93 km of earth-built sea dikes in the west, and there are no sea dikes in

the east. Every year sea dikes are destroyed by tides, floods, and storms. The repair

and maintenance of sea dikes requires a great deal of money, which is supplied by

the national dike management budget.

In May 2009, the government issued Decree No. 667/QÐ-TTg regarding sea

dike maintenance and upgrading. The implementation programme is divided into

three periods:

2009–2012, 2013–2016, and 2017–2020. From 2009 to 2012, mangrove forests

will be planted parallel to the sea dike system. From 2013 to 2016, the sea dike

system will be upgraded and developed alongside the road network. From 2017 to
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2020, a sluice system will be constructed so that the sea dike system can be operated

for the purposes of both adapting to an SLR and for transportation. However, up to

the year 2020, the sea dike system from the centre of Vietnam to the south will still

be an earth-built one. The main objective of the programme is to establish the sea

dike system in preparation for the impacts of a rise in sea level. The total budget for

the programme is 19.5 thousand billion VND (more than 1 billion USD).

The necessity of investing in a concrete sea dike system in the VMD is the

subject of an ongoing policy debate in Vietnam. Some think that the government

should not build a concrete sea dike system for the VMD. The necessity of investing

in a concrete sea dike system in the VMD is the subject of an ongoing policy debate

in Vietnam.

Some think that the government should not build a cement sea dike system for

the VMD. The reason given for such a view is that a concrete sea dike system will

need billions of USD of investment and will not be effective. An alternative

solution is proposed, which combines policies of moving people in the affected

areas during a natural disaster and adapting life in coastal areas (by increasing

collective action and public awareness of the measures necessary for living with

SLR). On the other hand, proponents of the sea dike system think that the VMD

needs a large sea dike system, like the Netherlands, because the VMD is surrounded

by sea and it faces a high risk of SLR due to global climate change. The national

budget would not be sufficient for such a big investment.

In summary, there are two different points of view: one is an adaptation policy

and the other is a coping policy. The question of whether a sea dike system needs to

exist or not needs to be answered. The VMD’s agriculture-based economy would

certainly be affected by a rise in sea level, and the region has to prepare for future

changes. This study proposes an economic valuation of a concrete sea dike system

as an adaptation to the impacts of a rise in sea level. The study uses a risk cost-

benefit analysis (CBA) framework.

Research Objectives

The overall objective of this study was to assess the viability of sea dikes as a

structural response to a rise in sea level caused by climate change and also to

investigate the acceptability of such a project in the Vietnamese Mekong Delta. The

specific objectives were:

Table 16.1 Forecast sea level rise in Vietnam, 2020–2100, compared to 1980–1999 (MONRE

2009)

Scenario

Time

2020 2030 2040 2050 2060 2070 2080 2090 2100

High 12 17 24 33 cm 44 57 71 86 100 cm

Medium 12 17 23 30 cm 37 46 54 64 74 cm
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• To develop a risk assessment and cost-benefit analysis framework specific to

SLR in the VMD

• To assess the viability of building sea dikes as an infrastructure response to the

impacts of climate change

• To identify the levels of risk, cost, and benefit associated with the sea dike option

Methodology

Study Location

The selected study area was Tra Vinh Province. Tra Vinh Province is located at the

southeast end of the VMD, between the Tien River (Co Chien River) and Hau

River. The climate of the province is tropical monsoon. The eastern border of the

province sits on the South China Sea. The province’s natural area measures

223,000 ha, and the seashore has a length of 65 km. The entire coastal area of

Tra Vinh is affected by high tides and seawater intrusion. More than 90 % of the

total agricultural land area of 90,000 ha suffers from seawater intrusion. Salinity

usually begins in December at Hung My, at the Co Chien River, and Tra Kha, at the

Hau River.

Data Collection

Data collection was conducted in Cau Ngang, Duyen Hai, Cang Long, and Cau Ke

districts of Tra Vinh Province. Cau Ngang and Duyen Hai districts are in coastal

areas and Cang Long and Cau Ke are not. These districts were chosen to assess the

impact of salinity and seawater intrusion. With the assumption that rice production

in Tra Vinh has homogeneous characteristics, a production function with the

salinity impact dummy variable allows measurement of marginal productivity

loss due to salinity. A sample of 115 rice farmers from Cau Ngang and Duyen

Hai districts was taken. These areas are affected by salinity. A sample of 118 rice

farmers was taken from parts of Cang Long and Cau Ke districts. These areas are

not affected by salinity.

To prepare for the calculations of the CBA model, socio-economic data was

collected. Table 16.2 shows forecast indices for 2010–2020. Baseline calculations

were implemented based on these values.
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Theoretical Framework

The study used a risk CBA framework that considers the likelihood of an extreme

storm event and SLR. In a traditional CBA, all the variables in the model are non-

random and have single values. However, in the risk CBA framework, critical

variables relating to the probability of an extreme event (storm) are random. This

allows consideration of both the range of values of the variables and the method of

measuring the values of variables in the context of the likelihood of an extreme

storm event. To do the risk analysis, one needs an assessment of probability with

which changes in critical variables may occur. By assigning appropriate probability

distributions to the critical variables, probability distributions for the economic

indicators can be estimated. For the critical variables relating to the extreme event,

a binomial distribution function is built. A simulation model is then used to obtain

the expected/forecast values for the risk CBA calculations.

Following Boardman et al. (2001) and introducing risk analysis into the CBA

study, a risk assessment and cost-benefit analysis framework specific to the SLR sea

dike options in the VMD can be described as in Fig. 16.1.

Table 16.2 Forecast indices for Tra Vinh Province, 2010–2020 (Vietnam Master Plan 2011)

Item Unit 2010 2015 2020

1. Natural area km2 2,292.8 2,292.8 2,292.8

2. Population, in which: 1,000 persons 1,005 1,026 1,046

Urban population 1,000 persons 150.8 266.6 314

3. GDP (1994), in which: Bil. VND 8,211 14,470 30,430

Industry/construction % 1,710.9 4,236.4 11,308.2

Agriculture/forestry/aquaculture % 3,629.7 4,467.0 5,617.8

Services % 2,870.4 6,426.6 13,504.0

4. Percentage of urbanization % 15 26 30

5. GDP growth rate, in which: % 11.64 13 15

Industry/construction % 18.50 19.88 21.70

Agriculture/forestry/aquaculture % 4.66 4.24 4.69

Services % 20.87 17.49 16.01

6. GDP (2005) Bil. VND 11,681 23,451 48,688

Bil. USD 0.65 1.31 2.71

7. GDP percentage (2005) % 100.0 100.0 100.0

Industry/construction % 23.59 28 36

Agriculture/forestry/aquaculture % 43.85 40 30

Services % 32.56 32 34

8. GDP per capita (2005) Mil. VND 11.6 22.8 46.5

Note: exchange rate – USD 1¼VND 18,000
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Problem Description

As previously mentioned, the sea dike system runs along the coastal areas of the

VMD. Most of the existing sea dikes in Tra Vinh Province are made of earth, except

for one 615-m concrete sea dike at Bao Village, Hiep Thanh Commune, Duyen Hai

District. In this CBA study, the base scenario is the status quo, in which there are no

concrete sea dikes. A permanent concrete sea dike system is a principal potential

adaptation strategy for mitigating the impacts of SLR. The alternative options to

concrete sea dikes also need to be specified, and the interested parties need to be

identified.

Identifying alternatives to sea dikes depends on timing, size, and construction

materials. Firstly, the time factor chosen in this study is long term – a concrete sea

dike system must survive for a very long time, for instance, 100 years. The proposed

lifespan of a permanent concrete sea dike network for the VMD is 100 years.

Secondly, the scale of the sea dike system depends on the SLR scenario that is

Fig. 16.1 The risk CBA framework
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selected, the probability of the occurrence of an extreme storm event, and which

safety standards are specified. Thirdly, the construction costs vary depending on the

types of materials chosen for the dike.

Three scales of sea dike system can be considered: the first is small in scale

(a dike that can withstand a storm that occurs once every 20 years), the second is

medium scale (one that can withstand a storm that occurs once every 50 years), and

the third is large scale (one that can withstand a storm that occurs once every

100 years). The time frame given to the construction of the sea dike is important.

Technically, the dike may be constructed in one operation or in sequential periods.

This study examines five different dike options (see below) associated with differ-

ent scales, construction phases, and lifespans:

Option 1: A small-scale dike 2 m high, lasting 50 years.

Option 2: A medium-scale dike 3 m high that is constructed all-in-one operation

with no plans for future upgrading. The lifespan of this dike is 100 years.

Option 3: A medium-scale dike with a height of 3 m that is constructed over two

time periods, with the initial investment in a dike on as small a scale as option

1 (at a height of 2 m) but with the body of the dike constructed on the medium

scale; at the second phase of construction, the dike would be upgraded to a height

of 3 m. The lifespan of this dike is 100 years.

Option 4: A large-scale dike constructed all at once, with a height of 4 m and no

plans for upgrading in the future. The lifespan of this dike is 100 years.

Option 5: A large-scale dike constructed in two phases, with the initial investment

of an option 1 dike (height of 2 m) but with the body of the dike constructed on a

large scale; at the second phase, additional investment would raise the dike to

4 m. The lifespan of the dike is 100 years.

Using a base scenario of “no concrete sea dike system” allows one to compute

the differentials between with and without alternative option values. These values

are the costs and benefits used in the CBA calculations.

Quantifying the Costs

The cost of sea dikes depends on the safety standards that are adhered to and their

scale. In Vietnam, dike costs vary because of the differing prices of materials, land

use, and revetments. The cost of labour is highly variable but constitutes a relatively

small percentage of the total cost (Hillen et al. 2010; Mai et al. 2008). Because

information about the cost of dikes was not available from the local dike manage-

ment authority, the cost category in this study uses the dike cost calculations given

by Mai et al. and by Hillen et al. for a typical sea dike in rural Vietnam. Mai

et al. (2008) determined the cost of dike heightening with a comparable probabi-

listic approach to ascertain the safety standards of the sea dike system. Mai

et al. used both outer- and inner-slope protections and included the costs of

maintenance in the dike costs category. Because dike costs data are estimated at
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different levels, in the risk CBA framework, the probability distributions of the

construction costs, maintenance costs, and dike heightening variables were

assigned to have a uniform distribution with the minimum values of the Hillen

et al. estimations and the maximum values of the Mai et al. estimations.

Quantifying the Benefits

Using sea dikes as a coastal defence avoids damage to the VMD. In this study, two

types of damage were avoided: (1) loss of life, homes, infrastructure (roads,

electricity network, water connections, etc.) due to storms and flooding and

(2) loss in yields of rice and aquaculture due to salinity. The measurement of

each type of benefit was calculated by the methods described in the following

sections.

Avoidance of Storm Damage

Storm damage can incur loss of life, homes, and infrastructure (roads, electricity

network, public facilities, etc.) and the destruction of rice and aquaculture produc-

tion. According to the National Centre for Hydrometeorological Forecasting

(NCHMF), MONRE, from 1961 to 2010, 258 storms hit Vietnam, 17 of which

were in the south of the country. While many strong storms (level 11 and above,

>103 km/h) have visited other parts of Vietnam, the VMD has rarely been a victim

of this type of natural disaster. During this period, 43 level 11 (and above) storms

hit Vietnam (or 16.7 % of the total), and 9 storms (or 3.5 % of the total) reached

level 13 and above (>133 km/h). From 1961 to 2010, only 17 storms, or 6.6 % of

the total number of storms across Vietnam, hit the MRD, and only one of these

storms reached level 11, with an additional one attaining level 13.

The frequency of storms in the VMD follows a pattern: once every 4 years, there

is a level 6 storm (39–49 km/h); once every 10, years there is a level 8–10 storm

(62–102 km/h); once every 20 years, there is a level 11 storm (103–117 km/h); and

once every 50 years, there is a level 13 storm (>133 km/h). However, for a project

as huge as the sea dike system, the probability distribution of storms (and floods)

needs to simulate beyond the 1961–2010 time frame.

An alternative is the World Bank’s (2010) simulation of the economic losses

caused by storm and flood events with different return period assumptions. The

World Bank assessed economic losses caused by storms that take place once every

10 years (0.013 % of national GDP), once every 50 years (0.023 % of national

GDP), and once every 100 years (0/03 % of national GDP).

The estimated economic losses caused by storms in the VMD, based on the

Vietnam Central Committee for Flood and Storm Control (CCFSC) storm cost

report, were consistent with the World Bank’s estimates. For example, with the

scenario of a “once-every-40-years storm”, the percentage of economic loss of the
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VMD’s GDP was 0.016 %, compared to 0.023 % for the “once-every-50-years

storm” scenario of the World Bank’s projection. The benefit due to the avoidance of
losses due to storms was estimated as follows:

Strom lossavoided ¼
X100

i¼1

X5

k¼1
% strom loss in GDP RPk� GDPi ð16:1Þ

where RPk: return period k (k¼ 1–5)

GDPi: GDP at time i (i¼ 1–100, i.e. 2010–2110)

Avoidance of Flood Damage

The VMD is an area familiar with flooding. Flooding occurs frequently and brings

much damage to the region. According to a Central Committee for Flood and Storm

Control (CCFSC) report (2011), from 1991 to 2005, the VMD suffered eight floods,

and each one brought significant economic losses. Similar to the storm loss esti-

mations, the flood scenarios used in this study were based on a combination of

World Bank simulations (2010) and calculations by the CCFSC. There are four

flood scenarios for the VMD: flooding once every 2 years, flooding once every

10 years, flooding once every 50 years, and flooding once every 100 years. The

benefit due to the avoidance of losses due to flooding was estimated as follows:

Flood loss avoided
X100

i¼1

X4

k¼1
% flood loss in GDP RPk� GDPi ð16:2Þ

where RPk: return period k (k¼ 1–4)

GDPi: GDP at time i (i¼ 1–100, i.e. 2010–2110)

Reduction of Damage from Seawater Intrusion

Sea and river dike systems help to protect the land from seawater intrusion and

salinity, which reduce yields of the rice and cash crops that are the main agricultural

products of coastal areas. The benefit gained from avoiding salinity is at least the

cost of building the sea dike system. In order to measure the value of losses in

agriculture and aquaculture production due to salinity, a damage function was

designed. Damage was defined as a loss of productivity due to salinity. Hypothet-

ically, as the degree of salinity increases, the productivity of rice farming and

fishing decreases.

The total losses are the product of the marginal loss of productivity (per ha) and

the area affected. To estimate the impacts of salinity on farming yields in the

affected areas, a simple production function was specified:
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Qi ¼ a0 þ a1Li þ a2Ki þ a3Si þ ui ð16:3Þ

where

Qi: yield of product i (rice (tonne/ha)
L: labour (kg/ha)
K: capital (fertilizer) (kg/ha)
S: dummy variable (1 for salinity; otherwise 0)

ai: regression’s coefficients

Equation 16.3 includes two types of explanatory variables: yield-increased vari-

ables (labour and capital) and yield-decreased variables (salinity and distance).

A decomposition analysis was used to measure the impact of salinity on pro-

ductivity. Production function decomposition analysis allows decomposition of the

difference in the change in farming productivity between land affected by salinity

and land unaffected by salinity. That is, the changes are decomposed into two

components: changes due to the effects of salinity and input reallocation. A

production function in a log-linear form is shown below:

No salinity:

LnQn ¼ LnAn þ a1LnLn þ a2LnKn ð16:4Þ

With salinity:

LnQs ¼ LnAS þ b1LnLS þ b2LnKS þ b3LnS ð16:5Þ

Taking the difference between Eq. 16.5 and Eq. 16.4 and rearranging terms

result in the following:

Ln Qs=Qnð Þ ¼ Ln As=Anð Þ þ b1 � a1ð ÞLn LS=Lnð Þ�þ b2 � a2ð ÞLn KS=Knð Þ
þ b3LnS: ð16:6Þ

The coefficient b3 in Eq. 16.6 implies the marginal loss of productivity due to

salinity impact separately, while other coefficients, (b1–a1) and (b2–a2), show the

impact of differences in labour and capital, respectively. It is expected that the sign

of coefficient b3 will be negative in the estimation.

The benefit of avoiding the negative impact of salinity, due to a dike system, is

measured as follows:

Salinity loss avoided ¼ marginal productivity loss� total areas affected ð16:7Þ
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Probability Distributions and Risk Analysis of Critical
Variables

The risk analysis in Step 4 is central to the risk CBA framework. Methodologically,

a risk CBA not only considers the range of values of the variables but also attaches

to these values a measure of the likelihood of their occurrence. Two uncertainty

variables need to be taken into account in the sea dike projection: storms and

flooding. Estimation of these critical values must be implemented via the risk

analysis framework. In this study, a simulation analysis is applied to obtain the

expected values of these uncertainty variables.

In the VMD, storms are not an annual weather phenomenon – they occur rarely

in the region. However, when storms do occur, losses are usually large. As storms

are a discrete variable, a certain probability distribution function is specified in

order that, based on the type of probability distribution function, a simulation model

can be run to estimate the expected value of the critical variable. Storm records for

1961–2010 were used to predict the form of probability distribution. Five return

periods were specified with a binomial probability distribution function for the

storm variable: once every 4 years, once every 10 years, once every 20 years, once

every 50 years, and once every 100 years. The value of economic damage associ-

ated with each storm frequency was estimated by simulation analysis using Crystal

Ball® software.

In contrast, flooding in the VMD is usually riverine in nature, rather than flash

flooding, as in other parts of Vietnam. Flooding in the VMD causes significant

economic damage. Four flood scenarios were selected: once every 2 years, once

every 10 years, once every 50 years, and once every 100 years. In order to estimate

the expected values of this critical variable, a binomial probability distribution

function was used. Similarly, the values of economic damage associated with each

flood frequency were estimated by simulation analysis using Crystal Ball®
software.

The exact costs of dike construction and dike heightening are unknown. Some

studies (Hillen et al. 2010; Mai et al. 2008) have estimated the typical costs for a

typical sea dike in Vietnam but differences in technical specifications, location,

region, etc., make accurate costings of dike construction and heightening problem-

atic. In order to overcome these estimation difficulties, expected values have been

calculated using Crystal Ball® software based on the assumption of a uniform

probability distribution function, with maximum and minimum values given.

Finally, the area of agricultural land affected by salinity cannot be accurately

measured. At Tra Vinh, more than 90 % of the total agricultural land area is affected

by salinity1, but the salinity status of other salinity-affected regions differs. There-

fore, estimating the area affected by salinity needs to be done with the uncertainty

condition.

1 2020 Socio-economic Master Plan, Tra Vinh province

16 Adaptation to Sea Level Rise in the Vietnamese Mekong River Delta: Should a. . . 355



In this study, a uniform probability distribution form was assigned for this

variable using Crystal Ball® software to predict the percentage of agricultural

land area affected by salinity.

Baseline Alternatives

In order to construct the baseline for the risk CBA assessment, the study used

secondary data from Tra Vinh’s Master Plan for 2010–2020 and also the 2025

Vision. Based on the projections in the Master Plan, further calculations for 2030

were done in order to construct a baseline for 2010–2030. A simple regression

model was used to forecast values of indicators (e.g. GDP values of the areas

bounded by the dike system). It is plausible that the whole of Tra Vinh Province

could be protected by the river dike and sea dike systems. The value of flood and

storm losses avoided is based on the proportion of losses per GDP value (see

Eqs. 16.1 and 16.2). Based on the development indices shown in the Tra Vinh’s
Master Plan, the following situation is forecast for 2010–2110 (Table 16.3).

Calculating Desirability of Sea Dike Alternatives

In this step, all positive and negative impacts were calculated in monetary terms. A

social discount rate of 3 % was assigned to calculate the ENPV for all benefits and

costs at different times.

Choice and Sensitivity Analysis of Best Alternative

Based on the project evaluation criteria, the best sea dike alternative from the

options is proposed. Before the final recommendations are made to policy makers,

a further sensitivity analysis will be conducted.

Findings and Discussion

Cost Measurement

Dike Construction Costs

Five dike options were considered in this risk CBA study. Construction costs and

maintenance costs were projected across all the options, but the costs of dike
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heightening were only applied to options 3 and 5. The estimations of dyke costs

were based on the dike cost projections in Hillen et al. (2010) and Mai et al.’s
(2008). According to Hillen and Mai, construction costs include the cost of creating

the body of the dike, land use, berm, outer protection, and inter protection or

revetments. These construction costs vary because of the differing costs of mate-

rials and land use and the application of inner and outer protection or revetments.

Although labour costs are important, they were relatively small in the overall

scheme of dike construction costs. In these two studies, dike construction costs

were projected for the dike system in rural areas.

Dike Maintenance Costs

The annual dike maintenance cost comprises a small amount of total dike capital

budgeting. Based on the dike department and ministry budgets, Hillen et al. (2010)

estimated the yearly dike maintenance cost for 1 km of dike as USD 27,000.

Table 16.4 shows the construction costs and maintenance costs of dikes at the

heights estimated by Hillen et al. (2010) and Mai et al. (2008).

Dike Heightening Costs

In order to calculate the dike heightening costs at the second phase for option 3 and

option 5, the unit cost price standards given by IPCC CZMS (1990), cited by Hillen

et al. (2010), are applied in this study. Table 16.5 shows the unit cost prices of

coastal defences with the assumption of “all-in” costs for dike construction. Since

most of the sea dikes in the VMD, and in Tra Vinh Province in particular, are in

rural areas, the dike heightening costs chosen for calculations in this study were in

the range of USD 0.702–1.404 million per km.

Cost Simulations

Cost estimations by Hillen et al. (2010) and Mai et al. (2008) were dependent on

various assumptions regarding safety standards and the frequency of natural disas-

ters such as storms and floods. These assumptions vary under different uncertainty

conditions. The cost estimations by Hillen et al. (2010) were lower than those of

Mai et al. (2008). Based on this, the probability distributions of construction costs,

maintenance costs, and the costs of dike heightening were assigned uniform

distributions with minimum values and maximum values. Table 16.6 shows the

simulation values of the cost variables used in the CBA calculations.

Some assumptions regarding the longevity of the dikes were made for each

option: option 1 assumed a life of 50 years, and all the other dikes were assumed to

have a life of 100 years. In the case of dike heightening, after a period of 20 years,
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the dikes in options 3 and 5 were heightened to the level of the dikes in options

2 and 4, respectively. The total length of the dikes in Tra Vinh Province is 147 km.

Table 16.7 shows the total costs of the proposed dike options.

The dike cost values were used to calculate the present values of dike options.

Table 16.8 shows a summary of results of present values of dike costs with a

discount rate at 3 % and a timeline of 100 years. Results showed that option 4 had

Table 16.4 Decomposition of dike construction and maintenance costs (per km) in rural Vietnam

(Hillen et al. 2010)

Cost category

Height at 2 m Height at 3 m Height at 4 m

Hillen Mai Hillen Mai Hillen Mai

(M€) (M$) (M$) (M€) (M$) (M$) (M€) (M$) (M$)

Dike body 0.286 0.386 0.92 0.471 0.636 1.38 0.729 0.984 2.00

Land use 0.071 0.096 0.31 0.229 0.309 0.72 0.400 0.540 1.00

Berm 0.014 0.019 – 0.014 0.019 – 0.014 0.019 –

Revetment 0.486 0.656 – 0.714 0.964 – 0.929 1.254 –

Outer/inter

protection

– – 0.57 – – 0.58 – – 0.71

Maintenance – – 0.02 – – 0.02 – – 0.04

Total cost 0.857 1.157 1.82 1.429 1.929 2.70 2.071 2.796 3.75

Table 16.5 Unit cost prices of dike heightening (USD/km) (Hillen et al. 2010)

Type of coastal defence measure

Unit cost IPCC CZMS (1990) (2009 price level,

USD)

New 1-m-high sea dike 0.55

New 1-m-high sea dike with regular

maintenance

0.84

Raising low sea dike by 1 m in rural areas 0.70

Raising high sea dike by 1 m in rural areas 1.40

Raising sea dike by 1 m in urban areas 14.03

Table 16.6 Simulation results, dike costs, CBA analysis

Cost

component Distribution

Minimum

value

Maximum

value

Simulated

value Skewness

Construction cost

2-m-high dike Uniform 1.16 1.82 1.49 0

3-m-high dike Uniform 1.93 2.7 2.31 0

4-m-high dike Uniform 2.8 3.75 3.27 0

Maintenance

cost

Uniform 0.027 0.04 0.3 0

Heightening cost

By 1 m Uniform 0.702 1.404 1.05 0

By 2 m Uniform 1.41 2.81 2.11 0
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the highest cost, at USD 666.492 million, and option 1 had the lowest cost, at USD

361.893 million. Generally, the dike options that included the flexibility to heighten

the dikes at a later date incurred higher costs.

Benefit Measurement

To estimate the benefit of flood and storm losses avoided for the whole of Vietnam,

return periods of 10, 50, and 100 years were used (Table 16.9), while for the

Vietnamese Mekong Delta, return periods of 2, 4, 10, 20, and 50 years were

assumed (Table 16.10).

Table 16.7 Costs of dike options (million USD)

Cost category by option 2010 2020 2030 2040 2050 2060 2110

Option 1 221.97 2.94 2.94 2.94 2.94 221.97 2.94

Construction cost 219.03 0 0 0 0 219.03 0

Maintenance cost 2.94 2.94 2.94 2.94 2.94 2.94 2.94

Heightening cost 0 0 0 0 0 0 0

Option 2 5.25 2.94 2.94 2.94 2.94 2.94 2.94

Construction cost 2.31 0 0 0 0 0 0

Maintenance cost 2.94 2.94 2.94 2.94 2.94 2.94 2.94

Heightening cost 0 0 0 0 0 0 0

Option 3 221.97 2.94 157.29 2.94 2.94 2.94 2.94

Construction cost 219.03 0 0 0 0 0 0

Maintenance cost 2.94 2.94 2.94 2.94 2.94 2.94 2.94

Heightening cost 0 0 154.35 0 0 0 0

Option 4 486.57 5.88 5.88 5.88 5.88 5.88 5.88

Construction cost 480.69 0 0 0 0 0 0

Maintenance cost 5.88 5.88 5.88 5.88 5.88 5.88 5.88

Heightening cost 0 0 0 0 0 0 0

Option 5 221.97 2.94 313.11 5.88 5.88 5.88 5.88

Construction cost 219.03 0 0 0 0 0 0

Maintenance cost 2.94 2.94 2.94 5.88 5.88 5.88 5.88

Heightening cost 0 0 310.17 0 0 0 0

Note: Maintenance cost is yearly annuity cash flow

Table 16.8 Costs of dike options (discount rate ¼ 3 %, unit: million USD)

Dike option Construction cost Maintenance cost Heightening cost Total cost

Option 1 268.99 92.901 – 361.893

Option 2 339.57 92.901 – 432.471

Option 3 219.03 92.901 85.460 397.391

Option 4 480.69 185.802 – 666.492

Option 5 219.03 142.062 171.734 532.825
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To estimate productivity losses avoided for rice and aquaculture, a uniform

distribution form was assigned for the salinity-affected area variable. Using the

probabilities of disaster events and their corresponding damage, the values of the

economic loss per event were measured.

Results showed that the benefits of avoiding storm losses for corresponding

return periods measured in terms of percentage per GDP were 0.000004 %,

0.013 %, 0.005 %, 0.023 %, and 0.027 %, respectively. By the same method, the

benefits of floods avoided for corresponding return periods were 0.006 %, 0.037 %,

0.026 %, and 0.033 %, respectively.

Table 16.11 shows the monetary benefits of the different dike options over

different periods of time, classified by storms, floods, and salinity. To calculate

Table 16.9 Indicative annual aggregated probable maximum flood and storm losses for Vietnam

(% of 2008 GDP): (a) World Bank 2010); (b) author’s calculation)

Flood Typhoon

Return

period

Valuea) (USD

million)

Percentage per

GDPb) (%)

Valuea)(USD

million)

Percentage per

GDPb) (%)

10 years 1,093 0.013 1,095 0.013

50 years 2,225 0.026 1,913 0.023

100 years 2,781 0.033 2,290 0.027

Table 16.10 Probable maximum flood and storm losses for the Mekong Delta (CCFSC 2011;

author’s calculation)

Storm/flood Storm (mil. VND) Flood (mil. VND) Frequency

Linda storm 1997 7,179,615 – 1/50

Storm 1998 317,055 – 1/20

Tropical depression 1999 300 – 1/4

Flood 1996 – 2,571,223 1/10

Flood 1994 – 2,283,858 1/10

Flood 2001 – 1,535,910 1/10

Flood 1991 – 590,000 1/2

Flood 2002 – 456,831 1/2

Flood 1995 – 383,752 1/2

Flood 2000 – 302,069 1/2

Flood 1997 – 67,496 1/2

Average loss per year: 2,498,990 1,023,892

in million USD 138.83 56.88

% loss in regional GDPa 0.037 0.018

% loss per event in regional GDPa

Storm once every 4 years 0.000004 –

Storm once every 20 years 0.005 –

Storm once every 40 years 0.106 –

Flood once every 2 years – 0.006

Flood once every 10 years – 0.037

Note: aMedian 1998 GDP and 1997 GDP for storms and floods, respectively
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the monetary values of storm losses avoided and flood losses avoided, the disaster

losses in terms of percentage of GDP were multiplied by the corresponding GDP

values projected in the baseline scenario. To measure the monetary values of

salinity damages avoided, the values of marginal productivity losses for rice and

for aquaculture were multiplied by the salinized areas projected in the baseline

scenario and the simulation value of 83 % of areas invaded by salinity. While the

cash flow for storms and floods was assumed at the end of the period of the events,

the cash low for salinity takes the form of annuities.

The values of losses for each event (storms, floods, and salinity) were used to

calculate the present values of benefits in the CBA calculation. Table 16.12 shows a

summary of the results of the present values of the benefits of dikes, with a discount

rate of 3 % and a timeline of 100 years. The results showed that option 4 and option

5 had the highest benefits, of USD 23,875 million, and option 1 had the lowest

benefit, of USD 18,797 million.

Cost-Benefit Analysis

Cost estimations (Table 16.7) and benefit estimations (Table 16.12) under uncer-

tainty conditions are jointly presented in Table 16.13. Based on the NPV decision

rule, the results indicated that all the dike options could be recommended as

appropriate dike adaptation measures. The larger in scale the dike systems were,

the higher the ENPVs were. Among the dike alternatives applicable to the VMD,

the initially small-scale dike options (options 3 and 5) that have subsequent

heightening as a built-in feature are the most appropriate choices if the impacts of

rises in sea level are mainly storms, floods, and increased salinity.

Table 16.12 Present values of the benefits of the different dike options (discount rate ¼ 3 %,

units: million USD)

Dike

options

Storm losses

avoided

Flood losses

avoided

Salinity losses

avoided

Total

benefit

Option 1 10,509.2 7,192.8 1,094.6 18,796.7

Option 2 11,759.6 8,721.1 1,094.6 21,575.3

Option 3 11,759.6 8,721.1 1,094.6 21,575.3

Option 4 12,789.3 9,991.0 1,094.6 23,874.9

Option 5 12,789.3 9,991.0 1,094.6 23,874.9

Table 16.13 Cost-benefit analysis of sea dike options with uncertainty conditions (discount rate

¼ 3 %)

Category Option 1 Option 2 Option 3 Option 4 Option 5

Benefit 18,796.7 21,575.3 21,575.3 23,874.9 23,874.9

Cost 361.9 432.5 397.4 666.5 532.8

ENPV 18,434.8 21,142.8 21,177.9 23,208.4 23,342.1
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Sensitivity Analysis

In order to ensure that the selected sea dike options were assessed at the appropriate

levels, sensitivity analyses of negative effects of changes in the discount rate and

salinity were prepared in this section.

Change in Discount Rate

As the selected discount rate for a CBA calculation increases, the present values

decrease. This causes changes in ENPV that provide benchmarks for selecting the

best dike options. Tables 16.14, 16.15, and 16.16 show the CBA results in terms of

present values of costs, present values of benefits, and ENPVs, respectively, if the

discount rate is 6 %. The results showed that the ENPVs of dike options were very

sensitive to an increase in discount rate. The uncertainty of the socio-economic

environment is a potential factor leading to changes in discount rate.

Table 16.14 Present values of costs of dike options (discount rate ¼ 6 %)

Dike options Construction costs Maintenance costs Heightening costs Total cost

Option 1 230.9 48.9 – 279.8

Option 2 339.6 48.9 – 388.4

Option 3 219.0 48.9 48.1 316.0

Option 4 480.7 97.7 – 578.4

Option 5 219.0 64.0 96.7 379.7

Table 16.15 Present values of benefits of dike options (discount rate ¼ 6 %)

Dike

option

Storm losses

avoided

Flood losses

avoided

Salinity losses

avoided

Total

benefit

Option 1 1,409.9 1,048.5 593.9 3,052.3

Option 2 1,539.4 1,206.8 593.9 3,340.1

Option 3 1,539.4 1,206.8 593.9 3,340.1

Option 4 1,597.7 1,278.8 593.9 3,470.4

Option 5 1,597.7 1,278.8 593.9 3,470.4

Table 16.16 Cost-benefit analysis of sea dike options with uncertainty (discount rate ¼ 6 %)

Category Option 1 Option 2 Option 3 Option 4 Option 5

Benefit 3,052.3 3,340.1 3,340.1 3,470.4 3,470.4

Cost 279.8 388.4 316.0 578.4 379.7

ENPV 2,772.5 2,951.7 3,024.1 2,892.0 3,090.7
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Change in Salinized Areas

The CBA calculations showed that productivity losses avoided provided the highest

proportion of total benefits. Values from salinity-affected areas were used to project

values for all rice and aquaculture land. According to the Socio-economic Master

Plan of Tra Vinh Province, more than 90 % of the total natural area of the province

could become salinized. The natural area currently affected in six permanently

salinized regions is about 75 %. It is reasonable to assume that these salinity-

affected areas depend on the effectiveness of the river dike and sea dike systems. In

order to assess the effect of this important variable on the ENPVs, a further analysis

was conducted. Tables 16.17 and 16.18 show the present values of the benefits of

ENPVs, assuming that 50 % of the rice and aquaculture land is salinized. The

sensitivity analysis showed that compared to the initial CBA assessment, the

ENPVs were still robust.

Conclusions and Recommendations

The impact on the Vietnamese Mekong Delta of a rise in sea level has been

discussed in this report. Various sea dike options were proposed as appropriate

adaptation measures. The study developed five dike options associated with three

hypotheses regarding different scales of sea dike systems: option 1 would be

suitable for a storm that occurs once every 20 years, option 2 and option 3 were

suitable for a storm that occurs once every 50 years, and option 4 and option 5 were

appropriate for a storm that occurs once every 100 years. It was assumed that the

Table 16.17 Sensitivity analysis of present values of benefits of different dike options (discount

rate ¼ 3 %, salinized areas¼ 50 %)

Dike

options

Storm losses

avoided

Flood losses

avoided

Salinity losses

avoided

Total

benefit

Option 1 10,509.2 7,192.8 566.6 18,268.6

Option 2 11,759.6 8,721.1 566.6 21,047.2

Option 3 11,759.6 8,721.1 566.6 21,047.2

Option 4 12,789.3 9,991.0 566.6 23,346.8

Option 5 12,789.3 9,991.0 566.6 23,346.8

Table 16.18 Cost-benefit analysis of different dike options with sensitivity analysis(discount rate

¼ 3 %, salinized areas¼ 50 %)

Category Option 1 Option 2 Option 3 Option 4 Option 5

Benefit 18,268.6 21,047.2 21,047.2 23,346.8 23,346.8

Cost 361.9 432.5 397.4 666.5 532.8

ENPV 17,906.7 20,614.8 20,649.9 22,680.3 22,814.0
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lifespan of the dike in option 1 was 50 years. The lifespan of dike options 2, 3,

4, and 5 was set at 100 years.

The study used the risk CBA framework, involving simulation analysis using

Crystal Ball®, to assess the dike options proposed for the VMD. The baseline was

derived from Tra Vinh Province’s Socio-economic Master Plan. There were three

cost components in the cost category: construction costs, maintenance costs, and

dike heightening costs. To calculate the uniform probability distribution of dike

costs, minimum values from Hillen et al. (2010) and maximum values from Mai

et al. (2008) were used to estimate the simulated values of dike costs. The benefit

category was defined as economic damage avoided in the VMD because of the

protection offered by the dike system. These include (1) losses from storms and

floods sustained by houses, infrastructure such as roads, electricity supplies, water

connections, crops destroyed, etc., and (2) the avoidance of productivity losses due

to salinity.

To estimate the economic losses caused by storms, the study proposed five scales

of storms corresponding to different return periods: once every 4 years, once every

10 years, once every 20 years, once every 50 years, and once every 100 years. There

were also four flood scenarios: once every 2 years, once every 10 years, once every

50 years, and once every 100 years. The economic damage due to each event was

projected from the World Bank’s projections (2010) and CCFSC’s data. In order to
estimate the rice yield loss due to salinity or seawater intrusion, a salinity dummy

variable was introduced into the production function. The values of productivity

losses were also calculated using the simulation procedure.

The risk CBA results showed that applying option 4 to the entire length of the

dike system (147 km) incurred the highest present value (PV) of USD 666.5

million. Option 1 had the lowest PV costs, at USD 361.9 million. In general, dike

options with built-in subsequent heightening incurred lower PV costs than alterna-

tive options that built to full height from the start. The results also showed that the

benefits of losses avoided due to storms and floods were important. In the case of

salinity, annual rice and aquaculture productivity losses avoided were USD 331.25

per hectare and USD 915 per hectare, respectively. Based on the NPV decision rule,

results indicated that all the dike options should be taken into account if dike

adaptation measures were to be considered for the VMD. The larger in scale the

dike systems were, the higher were the ENPVs. Of the dike alternatives applicable

to the VMD, the small-scale dike options – option 1, option 3, and option 5 – should

be chosen, as the impacts of sea level rise are associated with storms, floods, and

salinity.

The sensitivity analyses showed that the ENPVs of dike options were very

sensitive to changes in discount rate. Also, if the salinity-protected area is 50 %

of the total land area, the CBA results were not significantly altered. Although

arguments regarding the feasibility of a concrete sea dike system for coping with

climate change impacts are still the subject of policy debates, the CBA results in

this study have found initial evidence to support the construction of a concrete sea

dike system for the VMD.
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Chapter 17

Exploring the Potentials of a Technology-
Based Flood Early Warning System
in Laguna, Philippines: A Cost-Benefit
Analysis

Jaimie Kim B. Arias, Rowena A. Dorado, Maria Emilinda T. Mendoza,

and Vicente G. Ballaran Jr

Abstract This study covers the second phase of a 3-year research project on flood

risk management in Laguna, Philippines. The first part of the study focused on

vulnerability assessment. The second phase of the study entails an economic

analysis of flood adaptation options. Adaptation options were formulated using a

participatory framework and watershed approach. The study site covers three

lakeshore municipalities in the Sta. Cruz River Watershed: Pila, Victoria, and

Sta. Cruz. Three sub-studies are undertaken: (1) direct damage cost estimation for

floods, (2) cost-benefit analysis of a technology-based early warning system, and

(3) cost-effectiveness analysis of relocation versus evacuation and building modi-

fication. Typical damage costs per hectare for two types of land used are estimated

for different flood depths. For built-up land, the typical direct damage cost per

hectare is about Php 410,000, Php 215,000, and Php 85,000 for neck-level, waist-

level, and knee-level floods, respectively. Farming land (rice), on the other hand,

incurs a damage cost of Php 29,600/ha for a flood level of 2.5 ft and above. The

authors found that the respondents in the study site have a positive willingness to

pay for a technology-based early warning system. The estimated mean willingness

to pay is between Php 127 and Php 152 per household per month. Gender seems to

play a significant role in predicting the mean willingness to pay. The analysis also
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shows that an early warning system would result in large social net benefits, with a

benefit-cost ratio reaching as much as 33. One of the sites, the municipality of Sta.

Cruz, is exposed to long-term floods which can last as long as 6 months. The cost-

effectiveness of three options for responding to such types of flooding is accord-

ingly assessed: relocation, the use of evacuation centers, and building modification.

Risk analysis is undertaken to test the robustness of the results using Monte Carlo

simulation. The analysis indicates that building modification is the most cost-

effective option among the three, followed by evacuation centers.

Keywords Philippines • Flood • Vulnerability assessment • Adaptation options •

Risk analysis

Introduction

The Philippine archipelago is blessed with natural beauty – a tropical climate,

sprawling beaches, and rolling terrains. Unfortunately, these same geographical

features contribute to the country’s vulnerability to climate change-related hazards.

The most devastating of which are typhoons and floods. Sitting along the Pacific

typhoon belt, an average of 20 typhoons hit the country each year. A number of

these typhoons have been so destructive causing huge losses of properties, disrup-

tion of economic activities, injuries, and even deaths. Table 17.1 shows the dead-

liest typhoons which hit the country over the last two decades.

The Sta. Cruz River Watershed in Laguna, which covers the lakeshore munic-

ipalities of Sta. Cruz, Pila, and Victoria, is one of the areas frequented by heavy

rains and typhoons. Flash floods as well as slow-onset, long-term floods occur in the

area. Knowing the potential economic and social consequences of the hazard, the

local government is keen on mainstreaming adaptation in its policies and programs

especially on those that focus on risk reduction, instead of disaster response which

just relies on post-flood recovery and rehabilitation. One of the options that they

intend to pursue is the establishment of a technology-based early warning system.

However, considering that financial resources are constantly a limiting factor, the

implementation of an early warning system should be backed by sound decision-

making. It is in this regard that a research which focuses on the economic analysis

of the adaptation option was found necessary.

Why is economic analysis important? Economics provides a framework by

which one can assess the feasibility of a project, with the whole society’s welfare
in mind. It is different from financial analysis, wherein the only concern is whether

Table 17.1 Deadliest

typhoons that hit the

Philippines (DOST-

PAGASA)

Name Dates of impact Deaths

Thelma/Uring November 1991 5,000–8,000

Freshen/Frank June 2008 1,410

Durian/Reming November 2006 1,399
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the project is profitable from the perspective of an investor or from fiscal analysis

where the only consideration is the impact of the project on the budget of the

government (Boardman et al. 2006). Economics lends a broader picture, for which

one can have a transparent decision-making. It is deemed that a project is worth-

while doing, only if it promotes the welfare of the society as a whole. If the project

is found to be welfare improving, the implementation of the project promotes the

efficient allocation of resources.

Research Objectives

The overall objective of the research was to determine the economic feasibility of

establishing a technology-based flood early warning system along the Sta. Cruz

River Watershed. In line with this objective, it tried to answer the following

research questions:

1. Using the contingent valuation method (CVM), what is the estimated maximum

willingness to pay for households along the lakeshore municipalities of the Sta.

Cruz River Watershed for a technology-based early warning system?

2. What are the costs associated with the implementation of a technology-based

early warning system?

3. Is the technology-based early warning system a good project on the basis of

economic efficiency?

Description of Technology-Based Early Warning System

The term early warning system (EWS) is defined by the United Nations Interna-

tional Strategy for Disaster Reduction (UNISDR) as “the set of capacities needed to

generate and disseminate timely and meaningful warning information to enable

individuals, communities and organizations threatened by hazards to take necessary

preparedness measures and act appropriately in sufficient time to reduce the

possibility of harms or losses.” All over the world, there has been evidence that

EWS is an effective strategy to minimize loss of lives as well as damage to

properties (Basha and Russ 2007; Mercy Corps Practical Action 2010). In the

Philippines, it was possible to prove its effectiveness in the case of Bulacan,

wherein the establishment of a community-based early warning system saved the

aquaculture industry from experiencing losses during the typhoon Marce in 2006,

while in Dumangas, Iloilo, the presence of EWS reduced casualties of typhoon

Frank in 2008 to zero (Pagulayan 2012).

The institution at the forefront of promoting and establishing the use of early

warning systems in the country is the Department of Science and Technology

(DOST). One of its flagship programs is the Nationwide Operational Assessment
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of Hazards (NOAH). It also administers the Advanced Science and Technology

Institute (DOST-ASTI) and the Philippine Atmospheric, Geophysical, and Astro-

nomical Services Administration (PAGASA), the two agencies involved in the

establishment of EWS in the country.

For the Sta. Cruz River Watershed, the EWS being proposed is technology-

based, which means that it will utilize meteorological monitoring equipment like

that developed by DOST-ASTI. The technology includes an automated weather

system (AWS) and a water level monitoring system (WLMS). Both sets of equip-

ment collect real-time data and through the cellular network send these data to a

central server maintained by the DOST. The AWS collects information on wind

speed and direction, air temperature, air humidity, air pressure, and rain amount,

duration, and intensity, while the WLMS collects information on water levels. This

information can be accessed over the Internet and can be used for predicting flood

occurrences along the Sta. Cruz River Watershed.

The installation of the system will involve several steps which include (1) the

acquisition and setting up of the AWS and WLMS stations, (2) training and

capacity building of personnel, (3) research and field validation to establish thresh-

olds for meteorological parameters, (4) establishment of a database containing

contact information of households, (5) setting up of the monitoring and communi-

cations office, and (6) actual EWS operations.

One of the salient features of the proposed system is the use of textmessaging or

short messaging service (SMS) for issuing warnings. Given that there are

101 mobile cellular subscriptions for every 100 people in the country (Information

and Communications for Development: Maximizing Mobile 2011, cited by Roa

2012), texting is the easiest way and probably the most efficient way of issuing

warnings to households. For the proposed project, computer software that maintains

contact numbers and locations of households, as well as one that manages bulk text

messaging, will be acquired. To establish the thresholds as a basis for the warning,

experts will be commissioned to do research and field validation.

Study Site

The locale of the study covers the municipalities of Sta. Cruz, Pila, and Victoria.

Sta. Cruz is the capital of the province of Laguna and has a land area of 3,860 ha

comprising 29 barangays. The topography is level or nearly level with slope

ranging from 0 to 2.5 %. In 2010, the estimated population was about 127,320 or

about 26,150 households. Although, Sta. Cruz serves as the commercial and service

hub of eastern Laguna, the municipality is still dependent on agriculture, with rice,

coconut, and vegetables as the main crops. Pila is similar in size and topography to

Sta. Cruz. The total land area covers 3,120 ha with 17 barangays. Majority (67 %)

of the population are considered rural. The estimated population in 2010 was

51,300 with about 10,260 households. The municipality is considered agriculture

based. Major crops include rice, coconut, and fruit trees. The municipality of
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Victoria has a total land area of 2,235 ha covering 9 barangays. Population as of

2010 was estimated to be 34,600 or about 6,900 households. Out of the 9 barangays,

only 2 are considered urban. The major contributor to the economy is the agricul-

tural sector. The municipality is well known for duck raising.

Methodology

Data Collection

A household survey was conducted to collect data on household profile and

characteristics, impacts and damages from flooding, and willingness to pay for

early warning system. Respondents were chosen using a two-stage stratified ran-

dom sampling procedure. First, the population of households was stratified by

municipality (i.e., Sta. Cruz, Pila, and Victoria) and second, by the household’s
location, whether in a rural-high vulnerability barangay index, rural-low vulnera-

bility index, urban-high vulnerability index, or urban-low vulnerability index. A

stratified random sample of 500 households was then obtained using proportionate

sampling, i.e., the size of each stratum in the sample is proportionate to the size of

the stratum in the population. The households making up the sample were selected

from a list of households provided by the LGUs and the Barangay Integrated

Development Approach for Nutrition Improvement of the University of the Phil-

ippines (BIDANI-UPLB). Whenever a household included in the sample could not

be located or refused to participate, a replacement household was selected ran-

domly from the same stratum.

Cost-Benefit Analysis

The general steps for conducting a CBA recommended by Boardman et al. (2006)

were undertaken for the economic assessment. The discount rate used in the study is

15 % comprising the discount rate used by the National Economic and Develop-

ment Authority (NEDA) in evaluating local projects. Only one option was

subjected to CBA, and the benefit-cost ratio (BCR) was calculated. The internal

rate of return (IRR) was also estimated. As recommended by Margulis et al. (2008),

sensitivity analysis was performed.

Estimating the Benefits of EWS

To capture the benefit of the technology-based early warning system project, the

contingent valuation method (CVM) was used. CVM is a survey-based valuation
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technique which directly asks individuals or households about their willingness to

pay (WTP) for a good or service. The procedure is considered a direct method as

opposed to methods which infers values from observed behavior (Carson 2000). In

a CV study, a hypothetical market is presented to the respondents, after which the

value of their willingness to pay is elicited. Leary (1999) defined WTP as the

amount paid by a person which would have an equivalent effect on the person’s
welfare as would the policy. It is referred to as “contingent” since valuation is

dependent on the information provided to the respondent during the survey.

CV Theoretical Framework

The theoretical framework of the contingent valuation method described below was

adopted from Bateman et al. (2002).

Basic utility theory suggests that individuals (or households) maximize their

utility subject to their budget constraint. Following the standard economic theory,

an indirect utility function, V, can be defined which shows the maximum amount of

utility that a household can derive from their income Y, given prices of goods P, and
the level of provision of a nonmarketed good Z (which in this case is the early

warning system). It is also assumed that the household’s utility depends upon their

sociodemographic characteristics S.
It is expected that the higher the income or the lower the prices, the higher the

utility level. It is also presumed that an increase in provision of the nonmarketed

good, say from Q0 to Q1, will increase the household’s utility, such that

V Y;P; S;Q0
� �

< V Y;P; S;Q1
� �

:

When households are answering a CV question, they are essentially comparing

their utility at Q0 vis-�a-vis Q1. At Q1, they are experiencing higher levels of utility;

hence, it is reasonable to assume that they would be willing to pay an amount to

obtain Q1. However, as they increase their payment to obtain higher provision of Q,
their utility diminishes. Hence, the maximum amount that they would be willing to

pay is defined where

V Y;P; S;Q0
� � ¼ V Y � C,P, S,Q1

� �

– that is, when the household is indifferent between its original position, when the

provision of the nonmarketed good is Q0, and the position wherein Q1 is provided

but it has to pay for the provision of the nonmarket good. If payment exceeds C,
then the household is better off at Q0. In the equation, C is the compensating surplus

measure of a change in welfare or the household’s maximum WTP to achieve the

increase in provision of the nonmarket good.
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From the previous equation, a bid function C( ) can be defined as a function of

the other parameters in the model. It is also assumed that maximumWTP is equal to

C and should be less than income Y.

C ¼ C Q0;Q1; Y;P; S
� � ¼ WTP � Y:

Parametric Estimation of WTP

In the binary choice format, households simply state whether they are willing to pay

a certain amount (B) or not. In response to the CV question, they can either answer

No ifCi < Bor

Yes ifCi � B:

The probability that the household is willing to pay can be estimated using

Hanemann’s binary logit model wherein the dichotomous-choice WTP responses

are regressed on bid values and a vector of socioeconomic and awareness/attitudi-

nal variables (Xt) (Hanemann 1994):

Pr Yesð Þ ¼ E Y ¼ 1

Xi

� �
¼ 1= 1þ e� β0 þ β1Xi½ �ð Þ:

The mean willingness to pay is then estimated using the formula:

WTP ¼ �α=β1

where α is the sum of the constant term and the coefficients of all explanatory

variables multiplied with the mean values of explanatory variables (except the

variable bid price).

β1 is the coefficient of the bid price.

Empirical Model

The dependent variable takes on the value of 1 if the household is willing to pay the

bid amount and takes on the value of 0 if not. The explanatory variables used in the

analysis are summarized in Table 17.2.
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Nonparametric Estimation

To obtain a nonparametric estimate, the lower-bound Turnbull mean willingness-

to-pay equation was used (Haab and McConnell 2002). The Turnbull estimator is a

distribution-free estimator relying on asymptotic properties. The proportion of “no”

Table 17.2 Explanatory variables used in logit regression

Explanatory

variable Notation Description

Expected

sign Rationale

Bid BID Takes on the values of

Php25, Php50, Php100,

Php200, and Php300

� As the price of the good

increases, the less will be

the likelihood of paying

Household

income per

capita

INC Monthly household

income divided by the

household size

+ As the income increases,

the greater the likelihood

of paying

Exposure EXP Number of floods inun-

dating house in the last

10 years

+ As exposure to flooding

becomes greater, the

greater the likelihood of

paying

Knowledge

about early

warning

system

KNOW Dummy, if self-rating on

knowledge is above 2, the

variable takes on the value

of 1; 0 if below 3

+ The more aware and

knowledgeable a house-

hold is about the early

warning system, the

greater the likelihood of

paying

Autonomous

adaptation

RISK Dummy, if household has

undertaken any form of

autonomous adaptation,

the variable takes on the

value of 1; 0 if otherwise

+ Autonomous adaptation

may be an indicative of

risk aversion. Risk-

averse households will be

more likely to be willing

to pay

Control variables reflecting respondent characteristics

Respondent’s
sex

RSEX Dummy, if male, the vari-

able takes on the value of

1; 0 if female

Respondent’s
education

REDUC Number of years of

schooling

Respondent’s
age

RAGE Age as of last birthday

Control variables reflecting geographical location

Pila PILA Dummy, if household is

located in Pila, the vari-

able takes on the value of

1; 0 if otherwise

Sta. Cruz SCRUZ Dummy, if household is

located in Pila, the vari-

able takes on the value of

1; 0 if otherwise
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responses is higher as the bid price increases, while the survival function is

decreasing in bid. The mean is given by

ELB Bð Þ ¼
XM
j¼0

Bj Fjþ1 � Fj

� �

with variance

V ELB Bð Þð Þ ¼
XM
j¼1

Fj 1� Fj

� �
Bj � Bj�1

� �2
=Tj

where

M is the number of bids.

B is the bid level.

Tj is the number of respondents offered the bid price βj.

Fj is the proportion of no responses to the bid price βj.

CV Survey Design

To obtain reliable estimates of maximum willingness to pay, the CVM survey was

carefully designed, from the drafting of questionnaire to the sampling process and

survey implementation. The following are the key features of the CV survey and

questionnaire as applied in the study:

• The mode of the survey was a face-to-face interview as recommended by Arrow

et al. (1993).

• A probabilistic sampling technique was applied. The population from which the

sample was drawn includes all households within Pila, Victoria, and Sta. Cruz,

which are the lakeshore municipalities belonging to the Sta. Cruz River Water-

shed. Specifically, the researchers conducted multistage stratified random

sampling.

• A total of 497 completed household questionnaires were used in the analysis,

147 of which were replacement households. Of the total nonresponse, 67 house-

holds were not located, 37 already moved, 32 refused/could not be interviewed,

while 7 did not have electricity connection. The total population of households

in the study site was 41,869.

• Most of the contents of the questionnaire used in the survey were written in

Tagalog, the local dialect, except for some terminologies that do not have a

direct translation in the vernacular. The questionnaire was 22-page long, cover-

ing an Introduction/Screener Page and 6 Modules:

– Module 1: Experience and Perceptions about Flooding Risk

– Module 2: Knowledge and Perceptions about Early Warning Systems
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– Module 3: CV Scenario and Willingness to Pay

– Module 4: Household Profile and Characteristics

– Module 5: Livelihood Characteristics

– Module 6: Flood Damage Experience and Adaptation Activities

• As an input to the drafting of the CV scenario, focus group discussions were

undertaken to obtain information on the possible range of WTP bids, payment

vehicle, and local experiences on floods and early warning systems. Also, a

technical expert was consulted to provide the description of the early warning

system (EWS) technology.

• Before finalizing the questionnaire, a pretest was conducted in Los Baños, a

lakeshore municipality in Laguna near the study site. The pretest site was

selected because of its similar socioeconomic characteristics and also because

of its similar exposure to floods.

• Training was given to the enumerators prior their field work.

• The tailored design method (Dillman 2000) was adopted in the survey. The aim

was to encourage respondents to participate in the survey by establishing trust

and lowering perceived costs while increasing perceived rewards of joining the

survey. First, the purpose of the study as well as the institutions involved was

relayed to the respondent. Strict confidentiality of the responses was assured.

Respondents were informed that they will be given a short report if they wish to

receive an update of the study. Also, a token (a fabric reusable shopping bag)

was given to all the respondents. The token was carefully thought out, so as not

to encourage biased responses. The token was simple and inexpensive, yet

useful. It also bears the name of the project and the name of the institutions

undertaking the project so as to reinforce the legitimacy of the survey. Visual

aids were also used to help respondents in the cognitive task of understanding the

good that they are being asked to value.

• A good CV questionnaire has a clear and easily understood scenario. The

scenario used in the study provided a full description of the proposed project –

a technology-based flood early warning system (EWS) which will be installed

along the Sta. Cruz River Watershed. To aid in explaining the project, a pretested

brochure was used. It explained that the proposed EWS technology utilizes an

automated weather system (AWS) and a water level monitoring system (WLMS)

for collecting data. These data will be used as basis for issuing warnings. The

warning will be sent through a text message to households subscribed in the

service. The lead time for issuing the warning is between 2 and 4 h. The

institution responsible for the project is the local government of the three

municipalities. The duration of the project is 10 years which covers the life

span of the equipment (2014–2023).

• The payment vehicle used was mandatory, to be collected through an additional

charge in the electricity bill. This is collected on a monthly basis for a period of

10 years (the duration of the project). During the FGD, it was found that people

were less inclined to pay additional taxes. Also, a water bill surcharge was not
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suitable because a significant proportion of households were not connected to the

water district. Instead, they sourced their water from private wells. An additional

surcharge to the electric bill was accordingly deemed acceptable.

• The elicitation technique was single-bounded dichotomous choice. Although

there are other elicitation techniques such as open-ended, bidding game, pay-

ment card, and double-bounded dichotomous choice, the single-bounded dichot-

omous choice was chosen for its simplicity and incentive compatibility. The bid

levels used were 25, 50, 100, 200, and 300 pesos per month, paid for 10 years.

• To minimize strategic bias, a provision point was stated, wherein it was

explained that the project will push through only if more than 50 % of the

respondents vote “yes” in a barangay referendum. To discourage “yea saying”

and minimize warm-glow effect, cheap talk script was included. Specifically, the

respondents were reminded of their income constraint as well as the existence of

alternative projects.

• Debriefing questions were also included to identify invalid and protest votes.

Table 17.3 categorizes responses according to whether they are valid or invalid

answers. If “yes” answers are invalid, they are converted to “no.” If “no,” votes

are classified as protest votes; these could be dropped from the observations or

retained. In this study, the protest “no” votes were retained to maintain conser-

vative estimates.

Table 17.3 Classification of answers to the WTP debriefing question

Valid answers Invalid (bias or protest)

Reasons why

respondents are will-

ing to pay

My household will benefit from

the project

We will not really be made to pay

I have confidence in the effec-

tiveness of the technology that

will be used

We are happy that we are able to

help

I have confidence in the govern-

ment’s ability to execute this

project

Reasons why

respondents are not

willing to pay

We cannot afford to pay any

amount

The government should be made to

pay

Our electricity bill is already too

high

Only the rich should be made to pay

There are other more important

problems that should be given

priority

I don’t have confidence on the abil-

ity of the government to implement

this project

Early warning systems are not

beneficial

I don’t have confidence on the

technology

The lead time is not sufficient

The local government gives

ample warning

No one in my household owns a

cell phone
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• A certainty question was included to further verify validity of yea answers. In the

survey, the respondents were asked about how certain they are that they will

have the same vote if they were asked to vote in a real barangay referendum.

With 1 being the lowest score (not sure) and 5 the highest (very sure), those that

answered 3 or better were considered as legitimate “yes” votes. Those that

answered 2 or below were further classified based on their reasons for being

uncertain. If the reason for their high uncertainty is because they want to know

first the responses of the majority, then these were still considered as valid “yes”

votes. However, if their reason is because they want to consult first with their

spouses or because they are unsure about their income in the future, these were

converted into “no” votes.

Results and Discussion

Description and Characteristics of Survey Respondents

About 64 % of the survey respondents were female and the majority (76 %) were

married. In terms of occupation, about 28 % were housewives, 21 % were small

business owners, and 17 %were laborers or unskilled workers. A majority (60 %) of

the households sourced their livelihood mainly from employment in the services

sector. Twenty-seven percent were engaged in small nonagriculture-related busi-

ness, while 12 % were agriculture based (Table 17.4).

The mean age of the respondents was 48, while the mean years of schooling was

9. The average individual income was Php 5,125 per month, while the mean

monthly income of the whole household was Php 17,000. The average household

size was 5. Female respondents had a significantly lower mean individual income

compared to male respondents.

Flood Exposure Indicators

In terms of flood exposure, the mean number of flood events that respondents have

experienced over the last 10 years is 5. An average of three flood events inundated

their homes over the same period. The mean highest flood height is 1 foot, while the

mean longest duration of the flood is 16 days (Table 17.5). Fifteen percent

Table 17.4 Composition of

respondents based on the

main source of livelihood

Household’s main source of livelihood Frequency %

Farming 36 7

Livestock/poultry 26 5

Small business 135 27

Services sector 301 60
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experienced knee-deep flood (about 1–2 feet), 9 % waist-deep (3 feet), 5 % about

neck-deep (4 feet), and 6 % above the head (5 feet and above) (Table 17.6). In terms

of duration, 21 % reported experiencing long-term flooding which corresponds to at

least a month of inundation (Table 17.7).

Willingness to Pay for a Technology-Based EWS

A substantial proportion of the respondents revealed that they had little knowledge

about early warning systems prior to the survey. When asked to rate their knowl-

edge, with 1 being the lowest and 5 the highest, 45 % rated their knowledge as

below 3. This proportion is about the same regardless of whether the respondent is

male or female (Table 17.8). The brochure explaining the details of the early

warning system proved to be useful in the conduct of the willingness-to-pay survey.

Table 17.5 Flood exposure indicators

Flood exposure Mean S.D.

Frequency of floods in the last 10 years 5 13

Frequency of floods inside house in the last 10 years 3 9

Highest flood height in ft 1 2

Longest duration of flood in days 16 34

Table 17.6 Composition of

households based on reported

maximum flood height inside

their house

Flood height Frequency %

0 250 50

1 ft 42 8

2 ft 34 7

3 ft 43 9

4 ft 27 5

5 ft 15 3

6 ft 8 2

>6 ft 6 1

Total 250 50

Table 17.7 Composition of

households based on reported

longest duration of flood

inside their house

Duration Frequency %

<1 day 246 49

1 day 108 22

1 week 39 8

1 month 24 5

2 months 29 6

3 months 41 8

4 months 7 1

5 months 3 1
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The responses to the “willingness-to-pay” question which have been corrected

for uncertainty are summarized in Table 17.9. It can be seen that the proportion of

“yes” votes decline as the bid level increases. For all bid levels, the total “yes” votes

were 252 out of the total 500 responses.

A majority (73 %) of those who answered “yes” stated that their primary reason

is to ensure the readiness of their community during floods. Ten percent stated that

the fee was affordable; 4 % claimed that they have confidence in the technology that

will be used, while 3 % stated that they are confident about the capacity of the local

government to carry out the project. Ten percent claimed that they feel happy

knowing that they could help others through the project (Table 17.10). This latter

reason, however, signals the presence of a “warm-glow” effect. Hence, if this was

the sole reason for voting “yes,” then the votes were converted into “no.”

The reasons for “no” responses were varied. A significant percentage (39 %)

considered that the fee is unaffordable and that their electricity bill is already too

high (22 %). Eight percent thought that there are more important problems that need

to be prioritized, while 6 % did not think that the early warning system is useful.

Three percent claimed that they have no confidence in the local government and

(2 %) have no confidence in the technology that will be used in the project

(Table 17.11). Nineteen percent stated that they are not willing to pay because it

Table 17.8 Knowledge

about early warning systems
Rate All % Male % Female %

Rate 1 (lowest) 152 30 53 29 99 31

2 77 15 28 16 49 15

3 132 26 47 26 85 27

4 64 13 20 11 44 14

5 (highest) 75 15 32 18 43 13

Table 17.9 Distribution of responses to willingness-to-pay question by bid level

Frequency %

Bid level 25 50 100 200 300 25 50 100 200 300

Yes 64 67 54 37 31 65 66 53 36 31

No 34 34 46 64 69 34 33 46 63 68

Total 99 102 101 102 101 100 100 100 100 100

Table 17.10 Distribution of reasons for “yes” response

Reasons for yes response Frequency %

To ensure the readiness of my community during floods 173 73

I have faith in the technology that will be used 9 4

I have faith in the ability of the local government to implement this project 8 3

I feel happy knowing that I could help others 23 10

The fee is affordable and our area is always at risk 23 10
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should be the government or the rich households who should shoulder the cost of

the project. This reason signals the tendency for free riding. However, it was

decided to retain these observations in order to arrive at a conservative estimate

of mean willingness to pay.

Table 17.12 shows the result of the logit regression analysis. Of the 10 explan-

atory variables, 6 were found to be statistically significant, which include the bid

level, income, respondent’s sex and age, flood exposure, and attitude toward risk.

The results conform to economic theory in that the bid level has a negative

coefficient while income has a positive coefficient.

Table 17.11 Distribution of reasons for “no” response

Reasons for no response Frequency %

The fee is unaffordable 105 39

Our electricity bill is already too high 58 22

There are other more important problems that must be prioritized 22 8

The government should pay for the project 48 18

Only the rich should pay for the project 4 1

I do not have confidence on the capability of the local government 7 3

The early warning system is not useful 17 6

I do not have confidence on the technology that will be used 5 2

We are already being warned by our local officials 3 1

Table 17.12 Results of the logit regression analysis

Coef. Std. err. z P> |z| [95 % Conf. interval]

BID*** �0.0057 0.00 �5.85 0.00 �0.01 0.00

INC* 0.0001 0.00 1.91 0.06 0.00 0.00

RSEX** 0.4865 0.21 2.36 0.02 0.08 0.89

REDUC �0.0124 0.04 �0.35 0.72 �0.08 0.06

RAGE** �0.0163 0.01 �2.16 0.03 �0.03 0.00

EXP** 0.0973 0.03 2.81 0.01 0.03 0.17

KNOW 0.3752 0.22 1.67 0.10 �0.07 0.82

RISK*** 0.6333 0.21 3.09 0.00 0.23 1.04

PILA 0.1756 0.29 0.60 0.55 �0.40 0.75

SCRUZ �0.2039 0.27 �0.77 0.44 �0.72 0.32

CONSTANT 0.8698 0.60 1.46 0.15 �0.30 2.04

* Significant at 1 %

** Significant at 5 %

*** Significant at 10 %

No. of observations 497

Likelihood ratio 75.09

Prob> chi2 0.00

Pseudo R2 0.11
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It was also found that the male respondents are more likely to be willing to pay

while age reduces the likelihood of paying. The higher propensity of male respon-

dents to pay may be explained by the patriarchal nature of households in the

Philippines wherein the males usually take on the lead role of ensuring the safety

and well-being of their families. The attitude toward risk wherein the indicator used

is the conduct of autonomous adaptation showed positive impact on willingness to

pay. That is, those who have undertaken some forms of autonomous adaptation

were found to be more likely to be willing to pay.

Based on the logistic regression, the mean willingness to pay was estimated to be

Php 140 per household per month. The confidence interval is between Php 127 and

Php 152 at a 99 % confidence level. The nonparametric lower-bound mean

willingness-to-pay estimate falls within these limits, averaging Php 128 per house-

hold per month. The mean willingness to pay is about 0.8 % of the average

household income of the respondents (Table 17.13).

Cost of Establishing a Technology-Based EWS

The estimated initial investment needed to establish the EWS is about Php 2 million

or US$ 50,000. This covers the acquisition and installation of the equipment,

capacity building and training, and setting up of the monitoring and warning

dissemination office. The annual operations cost, on the other hand, is about Php

1.7 million per year or US$ 42,500 (Table 17.14).

Using the lower-bound estimate of mean willingness to pay equal to Php 128 per

household per month, the estimated benefit for the first year is about Php 65.6

million or Php 1.64 million. Projections were carried out to estimate the benefit for

the succeeding years, considering the growth of the population. It was assumed that

the population growth rate is 1 % per year, and the number of households was

calculated by dividing the total population by the average household size of

5. Table 17.15 shows the baseline number of households corresponding to the

year 2012.

Table 17.13 Parametric and nonparametric mean willingness to pay

Parametric Nonparametric

Mean WTP per HH per month Php 140 Php 128

(in US Dollars) US$ 3.5 US$ 3.2

Confidence interval for mean WTP (at 99 % confidence

level)

[Php 127, Php 152]

(in US Dollars) [US$ 3.175, US$
3.8]

Exchange rate: US$ 1¼ Php 40

384 J.K.B. Arias et al.



Using a discount rate of 15 %, the net present value was estimated to be Php

330 million or US$82.5 million. The benefit-cost ratio (BCR) is 33, while the

estimated internal rate of return is more than 3,000 %.

To check the validity of estimates, the results were compared to other BCA

studies for EWS (Table 17.16). The BCR estimate seems to be conservative,

compared to the two case studies in the table, particularly in Bangladesh (with a

BCR of 558) and Thailand (BCR of 176), but the study estimate exceeds that of Sri

Lanka’s with a low BCR of 0.93. The reason for this low estimate, however, as the

authors cited, is the infrequent occurrence of floods in Sri Lanka.

Table 17.14 Technology-based early warning system cost items

Cost item Amount in Php

Initial investment

a. Technology installation cost

Machine and equipment purchase

Automated weather station 120,000

Automated water level monitoring system 260,000

Computers 360,000

Installation (20,000 @ 3 units) 60,000

Shipping (2000 @ 3 units) 6,000

Fencing, polemask, and other civil works (30,000 per monitoring site) 90,000

b. Research to establish thresholds 200,000

c. Capacity building/training 150,000

d. Software acquisition 150,000

e. One-time registration 42,288

f. Communication expense 72,000

g. Internet 72,000

h. Overhead cost 360,000

Operation and maintenance

a. Personnel 1,152,000

b. One-time registration 423

c. Communication expense 72,000

d. Internet 72,000

e. Overhead cost 360,000

Table 17.15 Baseline

household population (2012)
Municipality Number of households

Pila 9,331

Sta. Cruz 23,550

Victoria 8,988
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Conclusions and Recommendations

Based on the foregoing analysis, a technology-based early warning system was

found to be an economically sound adaptation option for the Sta. Cruz River

Watershed. The project produces large social net benefits, with a net present

value of Php 330 million or US$82.5 million and a benefit-cost ratio (BCR)

reaching as much as 33.

In the analysis, benefits were measured using the contingent valuation method
(CVM) and not through a market-based valuation technique (for instance, damage
cost avoided). It would be interesting for future studies to compare benefit estimates

of EWS using both techniques. A challenge that researchers would face in doing

such an analysis, however, would be determining the magnitude of damages

avoided that can be attributed to EWS.
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