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  Pref ace   

 Published in 1987, the Brundtland Report, Our Common Future, culminated over 2 
decades of concern and debate about environmental degradation and human wel-
fare and posed a challenge for societies worldwide to seek sustainable approaches 
to development. Solutions to the Earth’s most diffi cult and recalcitrant environmen-
tal problems were identifi ed as falling at the nexus of the scientifi c disciplines, 
which set the agenda for developing interdisciplinary approaches to research and 
development that continues today. The relatively simplistic notion of “interdiscipli-
narity” promoting the optimization of environmental, social, and economic needs 
has now been replaced by the more complicated and realistic concept of “coupled 
human and natural systems (CHANS).” The CHANS theory approach intercon-
nects human activities and ecosystem functioning and acknowledges the true com-
plexities facing environmental conservation and sustainable development in the 
twenty-fi rst century. 

 Meeting the needs of a growing human population for economic development 
without compromising the long-term integrity of the environmental foundation for 
all life is the essence of society’s search for sustainable development strategies. 
Among the many environmental challenges facing humankind, including global cli-
mate change, deforestation, rangeland degradation, energy production, and loss of 
biodiversity, those related to the globe’s water resources are perhaps the most acute. 
People sicken and perish and nations stagnate and decline without adequate sup-
plies of clean freshwater. Many believe that water may have already replaced oil as 
the Earth’s most precious and endangered liquid and that the formation of interna-
tional “water cartels” to control its distribution is not far off. 

 Water and energy come together in the building of large dams intended for the 
generation of hydroelectricity. Often termed “clean energy” large-scale hydropower 
projects are not without their sustainability critics. While it is diffi cult to counter 
their ability to produce effi cient and effective power in the service of national eco-
nomic development, the construction of dams and power stations are also known for 
their negative environmental impacts and mixed effects on the socioeconomic con-
ditions of local people. Hence, it is not surprising that proposals promoting the 
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construction of major hydroelectric dams often face public and scientifi c scrutiny 
that sometimes leads to widespread civil unrest, protests, and legal and political 
repercussions. Understanding the social, economic, and environmental impacts 
arising from large-scale hydro-projects is a much-needed step toward sustainable 
development, not as a deterrent to their construction, but as a means for reducing 
their potentially negative effects. 

 I am very pleased to see the publication of this timely and informative book, The 
Large Dam Dilemma: An Exploration of the Impacts of Hydro Projects on People 
and the Environment in China. I congratulate the authors for their presentation of 
new research fi ndings from a recent study mainly on the Upper-Mekong River, and 
their synthesis of other investigations of large dams elsewhere in China. China is 
currently leading the world in the construction of large-scale dams and it is most 
appropriate that China also takes the lead in helping improve the sustainability of 
such important hydro-projects. This book provides a compendium of information 
and insights that will prove valuable during the planning phase for such projects 
worldwide. I highly recommend it to scientists, planners, government offi cials, and 
public organizations concerned about the protection and sustainable development of 
the Earth’s fragile water resources.  

    Beijing ,  People’s Republic of China       Hao     Wang      

Academician, Chinese Academy of Engineering 
Professor, China Institute of Water Resources 

and Hydropower Research

Preface
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  Abst ract   

 Large dam construction has signifi cant environmental and social impacts at differ-
ent scales. This book fi rst summarizes and updates information about the history, 
distribution, functions, and impacts of large dams, both globally and at China’s 
national level. It then addresses the environmental and social impacts of large dams 
in China and introduces an empirical study conducted during 2010 in areas affected 
by dams along the Upper-Mekong River, China. We present innovative methods for 
assessing the impacts of dams on biological diversity at the watershed scale and 
impacts on ecological integrity of rivers at the ecosystem scale. Then we developed 
a framework to assess the impacts of dam construction on different dimensions of 
wealth of dam-affected households, namely material (land, houses), embodied 
(knowledge, skills), and relational (infrastructure) wealth; and compare losses and 
compensations for each dimension. Results indicated that large dam construction 
has signifi cant negative impacts on biological diversity and ecological integrity; 
local communities often suffer from wealth loss in all three characterized dimen-
sions, but government compensation policies typically consider only material 
wealth; and this inequity leads to dissatisfaction on both sides and is the root cause 
for disagreements and confl icts. These results will prove important to future dam 
projects in China, and possibly elsewhere, as they suggest that more comprehensive 
environmental and social impact assessments are needed for large dam projects, and 
less dissatisfaction will arise from community relocation projects when the affected 
villagers and decision-makers acknowledge and agree on the degree of losses and 
resulting compensations in all three dimensions of wealth. 

 Keywords   Large dam • environmental impact • social impact • biodiversity 
• resettlement • compensation policy  
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  Introduction: The  Large Dam Dilemma   

 Food, water, and energy, three of the most critical issues for human development, 
are all connected with one facility—large dams. By International Commission on 
Large Dams’ (ICOLD) defi nition, large dams are those with heights over 15 m 
(WCD 2000). It is estimated that 30–40 % of irrigated land around the world relies 
on dams, and irrigated land contributes approximately 40 % of the world agricul-
tural production (WCD 2000; Shah and Kumar 2008). Large dams also have guar-
anteed water security in many urban and industrialized regions, with reports showing 
high positive relationships between dam density and water security level (Vorosmarty 
et al. 2010). They have also been used as an important way to control fl oods, and 
presently about 13 % of existing dams have fl ood control functions (WCD 2000). 
Electricity generation is another important reason for building large dams, and 
about 19 % of electricity worldwide is generated by hydropower dams; in 63 coun-
tries, hydropower supplies more than 50 % of the electricity (WCD 2000). 

 Even though large dams have been used as a means of development for a long 
time, they also have caused various environmental and social problems at different 
scales. Dams block water and alter natural fl ow regimes of rivers, which has signifi -
cant impacts on river ecosystems and fi sheries (Poff et al. 1997); the reservoirs 
formed after dam construction submerge farmland and terrestrial ecosystems (WCD 
2000); and dams change the geological conditions of reservoir areas, having the 
potential to trigger landslides and earthquakes (Kerr and Stone 2009; Pandey and 
Chadha 2003; Deji 1999). In addition, the negative social consequences of large 
dams include the effects of millions of people being relocated or displaced, uneven 
benefi t and cost distribution among different groups, and impacts on indigenous and 
tribal people and their cultures (Égré and Senécal 2003; Tilt et al. 2009). 

 After the rise of environmentalism (1960s), and especially after the concept of 
sustainable development became prevalent (1980s), the benefi ts and costs of build-
ing dams are now more comprehensively scrutinized. People fi rst began to question 
the rationale for using large dams to promote development in the 1970s, and the 
dam debate intensifi ed worldwide during the 1990s. Since, the rate of dam 
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construction has slowed markedly in developed countries, and in the United States, 
the rate of decommissioning old dams actually exceeded the rate of construction by 
1998 (WCD 2000). However, in developing countries, there are still many large 
dams under construction or being planned. 

 Chinese experience in dam construction is largely consistent with the rest of the 
world (Wang et al. 2013a). China’s large dam construction began in the second half 
of twentieth century, when modernization and developmentalism became the domi-
nant ideologies globally. Large dams became a symbol of reconstruction and devel-
opment and were used as means for river basin development, fl ood control, and 
electricity generation. But because of China’s socioeconomic and political pecu-
liarities, Chinese dam construction has its own unique characteristics. As the most 
populous nation and the second largest and fast growing economy in the world, 
China has built more large dams than any other country. While the anti-dam move-
ment is increasing in developed countries, China is still ambitiously developing 
hydropower as part of its long-term national plan. The environmental and social 
impacts of dams and the involvements of markets and civil society in the decision- 
making processes for dam construction in China also have different features. Hence, 
research on Chinese dam issues has both national and global signifi cance. 

 The future of large dams in the world and in China remains unclear, with many 
pertinent questions. For example, do we still need to rely heavily on dam-irrigated 
agriculture, or can applying water-saving technologies and using drought-resistant 
agricultural crops avoid global food crises? Should we continue to control fl oods 
with hydrologic engineering methods, which change the natural features of rivers, 
or do we appeal to more fundamental approaches, such as restoring degraded envi-
ronments and reestablishing natural fl ow regimes? Is hydropower a renewable and 
clean alternative for fossil fuels, or does energy from dammed rivers have even 
higher environmental and social costs? 

 Comprehensive answers to these major questions are beyond the scope of this 
book, but we hope that our interdisciplinary assessment of large dams in China and 
elsewhere will identify pathways for doing so. Our approach is to review and syn-
thesize environmental and socioeconomic information about large dams at different 
scales, including our own recent research on the Upper-Mekong River (Lancang 
River) in China (Wang et al. 2013a, b; Li et al. 2012a, c, 2013; Zhao et al. 2012a, b, c). 
We begin by providing a global perspective on large dams, including arguments 
from both sides of the ongoing debate over their construction (Chap.   1    ). We then 
turn our attention to large dams in China by fi rst providing an overview and case 
studies (Chap.   2    ) followed by detailed assessments of their environmental (Chap.   3    ) 
and socioeconomic (Chap.   4    ) impacts. Having identifi ed key points to consider 
when planning the construction of large dams, we conclude with a discussion of 
how the large dam debate is evolving into decision-making policies in China (Chap. 
  5    ). In sum, we hope that this book is a modest, but useful step toward identifying 
fi nal solutions to the large dam dilemma worldwide. 
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1.1                        History and Distribution of Large Dams in the World 

 The history of dam construction is as old as human civilization. In ancient Chinese 
mythology, the legendary tribal leader, Yao, assigned one of his subordinates, Gun, 
to lead the people to fi ght a great fl ood. Gun built dams to block the fl ood, but they 
broke and caused an even larger disaster. As punishment, Yao’s successor, Shun, 
killed Gun, and then assigned Gun’s son, Yu, to lead the fi ght against the fl ood. Yu 
removed the dams and other barriers blocking the river, allowing the water to fl ow 
freely to the ocean, and fi nally overcame the fl ood. This story shows the long history 
of the impacts of dam construction on attempts to control the fl ow of rivers. 

 The remains of dams dating back to 6000 BP have been found in Mesopotamia; 
and irrigation and water supply dams became widespread in many parts of the world 
by 2000 BP (WCD  2000 ). The oldest continuously functioning dam is likely one 
associated with the Dujiangyan Irrigation Project in Sichuan Province, China, 
which was built in 256 BP and is still providing irrigation water for a large area of 
farmland on the Chengdu Plain (Zhang and Jin  2008 ). The fi rst hydropower dam in 
the world was built about 1890 in the United States (WCD  2000 ). 

 Before 1900, there were only about 700 large dams worldwide (Fig.  1.1 ). Most 
of the large dams currently in existence were built during the twentieth century. 
About 5,000 large dams were built during the fi rst half of the century, three-quarters 
of them in developed countries. Dam construction rapidly increased globally after 
the Second World War, with the peak occurring between 1970 and 1975, when 
nearly 5,000 large dams were built worldwide. The rate declined after the 1980s in 
most parts of the world, especially in North America and Europe (Shah and Kumar 
 2008 ; WCD  2000 ).

   According to the World Bank, countries represented by the Organization for 
Economic Co-operation and Development (OECD) have already developed 70 % of 
their economically feasible dam potentials, while developing countries are only using 
30 % of their potentials. Strikingly, less than 10 % of the potential has been exploited 
in Africa (World Bank  2009 ). Since developed countries have built dams on most of 
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their rivers, they now mainly focus on managing and improving the effi ciency of 
existing dams. But for developing countries, dam construction is considered a prom-
ising development opportunity. Therefore, the future of the large dam construction 
worldwide largely depends on the rate of development activities in these countries. 

 By the end of twentieth century, more than 45,000 large dams had been built 
around the world (WCD  2000 ). Fig.  1.2  shows the worldwide distribution of large 
dams. Five regions, East Asia, South Asia, North America, Europe, and Southern 
Africa, have the highest density of large dams.

   Asia has not only the most existing dams compared to all other regions, but is 
also currently experiencing the highest construction rates. China and India, the two 
most populous countries in the world, are building most of these new large dams. 
Rapid economic development in these two countries not only demands more energy 
and water, but also provides the fi nancial resources for major construction projects, 
such as the building of large dams (Bawa et al.  2010 ; Liu and Diamond  2005 ). The 
top fi ve countries with most of the dams currently under construction are all in Asia: 
India, with 700–900 new dams under construction; China, with 280; Turkey, with 
209; South Korea, with 132; and Japan, with 90 (WCD  2000 ). 

 The United States has built the greatest number of large dams in North America, 
about 8,000. However, by the end of the twentieth century, a new trend was evident 
as old and poorly functioning dams were decommissioned across the United States. 
About 15 years ago, the top offi cial at the US Bureau of Reclamation, which had 
been responsible for building massive dams throughout the American West, 
declared that the “era of big dams is over” (Longman  2008 ). In 1998, the speed of 
decommissioning exceeded that of construction for the fi rst time (WCD  2000 ). 
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  Fig. 1.1    Construction of dams by decade (Data from WCD ( 2000 );  Source : ICOLD, 1998, exclud-
ing over 90 % of large dams in China)       
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Decommissioning old dams has many benefi ts for the restoration of riparian systems. 
However, some studies have shown that the removal of old dams may also cause 
negative impacts on associated ecosystems as they are forced to readapt to new 
hydraulic regimes (Poff and Hart  2002 ; Bednarek  2001 ) . 

 Currently, there are about 6,000 large dams in Europe. The pattern of construc-
tion of dams and reservoirs in Europe can be illustrated using the United Kingdom 
and Spain as examples. In the UK, the number of large dams grew rapidly during the 
nineteenth century, from fewer than 10–175, a rate of 1.7 per year. By 1950, the rate 
had almost doubled. After 1950, construction took place at a rate of 5.4 dams per 
year before dropping to zero by the late 1990s. Today, the UK has a total of 486 
dams. In contrast, Spain saw the number of reservoirs grow at the rate exceeding 4 
per year between 1900 and 1950, before almost doubling and reaching 741 facilities 
by 1975. By 1990, this fi gure had more than doubled again (19.5 per year), and today 
there are 1,172 large dams in Spain, the most in Europe (European Environmental 
Agency  2010 ). With suitable sites becoming fewer and environmental concerns 
becoming greater, the total number of dams in Europe is now growing very slowly.  

1.2     Multiple Functions of Large Dams 

1.2.1     Irrigation 

 Large dams have made signifi cant contributions to rapid increases in yields associ-
ated with modern agriculture. About one fi fth of the world’s agricultural land is 
irrigated, and irrigated agriculture accounts for about 40 % of the agricultural 

  Fig. 1.2    Distribution of large dams in the world (Synthesized from data on ICOLD website:   http://
www.icold-cigb.org/    )       

 

1.2 Multiple Functions of Large Dams

http://www.icold-cigb.org/
http://www.icold-cigb.org/


4

production globally. Half of the world’s large dams were built exclusively or 
 primarily for irrigation, and an estimated 30–40 % of the 268 million hectares of 
irrigated lands worldwide rely on dams (WCD  2000 ). 

 The heights of large dams can range from 15 to several hundred meters. But 
generally, dams used for irrigation are relatively low compared to those constructed 
for fl ood control and hydropower. In North China, where precipitation is often inad-
equate for irrigation and the fl ow of rivers is generally low, many dams have been 
built to meet the water needs of cropland (Nickum  1998 ).  

1.2.2     Water Supply 

 According to research on water supply security, there is a clear positive correlation 
between the density of dams and security level (Vorosmarty et al.  2010 ). Many res-
ervoirs were built to provide a reliable supply of water to meet rapidly growing 
urban and industrial needs, especially in drought-prone regions where natural 
groundwater sources and existing lakes or rivers were considered inadequate to 
meet all needs. Globally, about 12 % of all large dams are designated as water sup-
ply dams and about 60 % of these are in North America and Europe (WCD  2000 ). 
Most metropolitan areas must rely heavily on reservoirs in distant surrounding 
watersheds for water supply, such as Beijing (Government of Beijing  1981 ) and 
New York City (The City of New York  2013 ).  

1.2.3     Electricity Generation 

 Hydropower provides about 19 % of the world’s electricity production, and in some 
countries, it is the most important power source (WCD  2000 ). Therefore, dams for 
hydropower are constructed globally as an important development approach. In 
addition to the ambitions of many different governments, the World Bank and other 
development banks also promote large hydropower dams by providing a large num-
ber of loans, especially to developing countries (World Bank  2009 ). 

 Hydropower is considered to be cleaner than electricity generated by burning 
fossil fuels. It has almost zero CO 2  emission (if the CO 2  emitted by deteriorating 
organic matter at the bottom of the reservoirs is not considered), and once com-
pleted, no additional inputs are needed other than the maintenance of the power 
station. In the view of hydraulic engineers, some deep valleys with rapid elevation 
drops are particularly suitable for building large dams. 

 The electricity generated from hydropower dams is most often fed into national 
grids, which benefi ts people in the whole country. However, local people commonly 
bear most of the negative impacts from dam construction and the operation of the 
power station (Magee  2006 ). This uneven cost-benefi t distribution is one of the 
main equity issues related to large dams.  

1 A Global Review of Large Dam Construction
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1.2.4     Flood Control 

 Worldwide, fl ooding has caused more deaths than any other natural disasters (WCD 
 2000 ). In those countries with monsoonal climates, fl ood control during the rainy 
season becomes even more imperative. Generally, fl ood control projects include not 
only dams and reservoirs, but also levees, all of which signifi cantly change natural 
fl ow regimes. 

 However, dams constructed for fl ood control can sometimes make the situation 
even worse. For some rivers with high sand concentrations, like the Yellow River in 
China, dams often cause serious sedimentation problems, which lift the riverbed 
and reduce the water-holding capacity of the original watercourses (Xu  1998 ; Yang 
et al.  2008 ). The case study part in the second chapter will show the failure of 
Sanmenxia Dam on the Yellow River, which is a good illustration of how a fl ood 
control dam can exacerbate fl ooding disasters.  

1.2.5     Navigation 

 Only a small number of large dams have been constructed specifi cally for the purpose 
of navigation. But for some, the need to improve transportation conditions was an 
important consideration in the decision-making process. One of the most obvious 
examples is the Three Gorges Dam in China, which was advocated eagerly by prov-
inces on the upper reaches of the Yangtze River, like Chongqing and Sichuan Province. 
After the dam was fi nished, the river’s water level rose by 175 m, allowing 10,000-t 
ships to reach Chongqing, which has substantially improved the transportation condi-
tion of this major city surrounded by mountains (Jackson and Sleigh  2000 ).   

1.3     Environmental Impacts of Large Dams 

 Most large dams constructed throughout the world have emphasized the economic 
and social benefi ts to society while largely ignoring any long-term environmental 
impacts (McCartney et al.  2001 ). More recently, however, the environmental 
impacts of large dams on river ecosystems have received considerable attention and 
the cost of dams to human society has become a major concern. Dams are designed 
to alter the natural fl ow regime of rivers and, as such, they have profound impacts 
on natural river processes both upstream and downstream from the dam. The 
impacts of dams on river ecosystems are numerous, complex, and varied, some 
obvious and others more subtle, but all mostly have negative consequences. 

 The environmental impacts of dams on river ecosystems can be viewed within a 
hierarchical framework of fi rst-, second-, and third-order impacts with upstream 
and downstream effects considered separately (Table  1.1 ) (Bergkamp et al.  2000 ; 
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McCartney et al.  2001 ). First-order impacts are the immediate abiotic effects on the 
hydrology, water quality, and sediment load of the river as a direct consequence of the 
dam. These are the key driving variables that lead to second- and third-order impacts 
resulting in long-term changes of the river ecosystem. Second-order impacts are the 
abiotic and biotic changes in ecosystem structure and primary productivity caused by 
fi rst-order impacts that take place over several years. Third-order impacts are the 
long-term biotic impacts on higher trophic levels that result from the integrated effects 
of fi rst- and second-order impacts. In general, the complexity of the ecosystem pro-
cesses and their functions that are altered increase from fi rst- to third- order impacts.

1.3.1       Impacts on Flow Regime 

 The construction of a dam impounds water and converts the river channel from a 
lotic to lentic system in the upstream area. Flow regulation by the dam alters the 
intensity, timing, and frequency of downstream fl ow patterns reducing river 
 discharge and fl ow variability by increasing low fl ows and dampening high fl ows. 

   Table 1.1    A hierarchical framework of upstream and downstream impacts of dams on river 
ecosystems (From Bergkamp et al.  2000 ; McCartney et al.  2001 )   

 Location in 
relation to dam 

 Category 
of impact  Impact 

 Upstream  First-order 
impacts 

 Modifi cation of thermal regime 
 Accumulation of sediment in reservoir 
 Changes in water quality 
 Evaporation and greenhouse gases 

 Second-order 
impacts 

 Changes in channel confi guration 
 Increased growth of plankton and periphyton 
 Increased growth of aquatic macrophytes 
 Reduced biomass and diversity of riparian vegetation 

 Third-order 
impacts 

 Changes in distribution and abundance of invertebrate, 
fi sh, bird, and mammal populations 

 Downstream  First-order 
impacts 

 Changes in the timing, magnitude, and variability 
of daily, seasonal, and annual fl ows 

 Changes in water quality 
 Reduced sediment fl ows 
 Alteration of channel, fl oodplain, and coastal delta 

morphology 
 Second-order 

impacts 
 Change in plankton and periphyton assemblages 
 Increased growth of aquatic macrophytes 
 Change in riparian vegetation 
 Change in channel, fl oodplain, and coastal characteristics 

 Third-order 
impacts 

 Changes in distribution and abundance of invertebrate, 
fi sh, bird, and mammal populations 

 Increased salinity of estuaries 
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The overall effect is a disruption in the longitudinal and lateral hydrologic connec-
tivity of the river (McCartney et al.  2001 ; Hu et al.  2008 ; Lajoie et al.  2007 ; 
Bergkamp et al.  2000 ; Stanford et al.  1996 ). Downstream impacts are specifi c to 
each dam and depend on the storage capacity of the dam relative to the volume of 
river fl ow combined with how the dam is operated (Bergkamp et al.  2000 ; McCartney 
et al.  2001 ). In addition, the local climate can impact fl ow regime patterns in dam 
area as well (Zhao et al.  2012a ).  

1.3.2     Impacts on Thermal Regime 

 The large mass of water impounded behind the dam tends to increase water tem-
peratures upstream and modifi es the thermal regime of the river downstream by 
changing the natural seasonal and short-term temperature fl uctuations downstream 
(McCartney et al.  2001 ). Deep reservoirs will thermally stratify in summer with 
warm, less-dense water in the upper layer (epilimnion) and the colder, denser water 
in the bottom layer (hypolimnion). Colder than normal water is released in the sum-
mer and warmer than normal water is released in the fall, altering seasonal tempera-
ture patterns of the river downstream (McCartney et al.  2009 ). Reservoirs at higher 
latitudes can easily become stratifi ed due to variable input of solar energy, while 
those near the equator are least likely to become stratifi ed (Bergkamp et al.  2000 ; 
McCartney et al.  2001 ). However, even if there is no thermal stratifi cation, water 
released from reservoirs is often thermally different from the natural fl ow in the 
river and native aquatic organisms must adapt, relocate, or perish (Bergkamp et al. 
 2000 ; McCartney et al.  2009 ).  

1.3.3     Impact of Evaporation and Greenhouse Gas Emission 

 Reservoirs increase the total surface area of freshwater which leads to water loss 
through evaporation. The amount of water evaporated from a reservoir is associated 
with both the surface area of the reservoir and the climatic conditions which control 
potential evaporation, i.e., evaporation is greatest from reservoirs with large surface 
areas located in hot arid climates (McCartney et al.  2001 ). The loss of additional 
water from evaporation can affect not only the water utilization effi ciency by human 
beings, but also the downstream ecosystem health, e.g., water salinity associated 
with evaporation in arid climates can damage downstream river ecosystems. 

 Emission of greenhouse gases, carbon dioxide (CO 2 ) and methane (CH 4 ), from 
reservoirs as a result of decomposition of submerged vegetation has become a more 
recent concern (Fearnside  1997 ). Greenhouse gas emissions vary with reservoir 
depth, water residence times, temperature, the infl ux of organic matter from the 
catchment, age of the reservoir, rates of primary production, and dam operation 
(McCartney et al.  2001 ). Shallow tropical reservoirs are the largest emitters of 
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greenhouse gases (McCartney et al.  2001 ), with average fl ux rates of 3,500 mg CO 2  
and 300 mg CH 4  m 2 /day reported for Panama, Brazil, and the French Guyana (Saint 
Louis et al.  2000 ). Relatively small reservoirs emit little or no greenhouse gases and 
are “carbon neutral” whereas large reservoirs can emit large quantities of CO 2  and 
CH 4  (Bergkamp et al.  2000 ).  

1.3.4     Impacts on Sedimentation 

 The velocity and turbulence of a river slows down as it reaches a reservoir, and sedi-
ment particles being transported by the river drop out of suspension. All reservoirs 
accumulate sediments and lose water storage capacity over time, but the rate at 
which this happens varies widely. Sediment transport and deposition varies among 
rivers and depends on physiographic characteristics of the drainage basin (size, geol-
ogy, soils, topography, and vegetation) as well as land use activities within the catch-
ment area and the size of the reservoir relative to the volume of river fl owing into the 
reservoir (Bergkamp et al.  2000 ; McCartney et al.  2001 ). Due to sediment deposi-
tion, about 0.5–1 % of the storage volume of the world’s reservoirs are assumed to 
be lost annually (Mahmood  1987 ), leading to reduced water storage capacity and 
hydro-energy generation potentials of the dams. Heavy metals, which are carried by 
sediments, tend to accumulate in the upstream inundation area of a dam (DelValls 
et al.  1998 ). Downstream of a dam, a reduction in sediment load can lead to increased 
erosion of river banks and beds, loss of fl oodplains, and degradation of coastal deltas 
as sediment carried downstream by the river is no longer being replaced by material 
from upstream (McCartney et al.  2001 ). Reservoir fl ushing, the selective release of 
highly turbid waters, is sometimes used to reduce in-reservoir sedimentation 
(Atkinson  1996 ) and to increase sediment loads in the downstream river.  

1.3.5     Impacts on Landscape and Morphology 

 Dam construction can greatly impact the landscape of the catchment area and mor-
phology of the river channel with resultant impacts on the hydrologic regime of the 
river (Zhao et al.  2012b ). Land use and land cover change are some of the most 
obvious impacts of dam construction on the landscape (Ouyang et al.  2010 ). 

 Once the dam is operational, reservoir sedimentation progressively changes the 
reservoir storage capacity and basin substrate (Buttling and Shaw  1973 ), which sub-
sequently infl uences both the character of the water discharged below the dam and 
the suspended load passing the dam (McCartney et al.  2001 ). For example, the aver-
age annual loss of storage capacity due to sedimentation within the Saalachsee 
Reservoir, Bavaria decreased from 5.6 % during the fi rst 15 years of operation to 
2.5 % over a 47-year period and the output of suspended sediment nearly doubled 
(Bauer and Burz  1981 ). 
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 The extent of channel morphology change below a dam depends on the interaction 
of three factors: the degree of fl ow regulation, the resistance of the channel bed and 
bank materials to erosion, and the quantity and nature of downstream sediment 
sources (McCartney et al.  2001 ). The reduction in sediment load tends to scour the 
channel below the dam, but the regulated fl ow regime (reduced peak fl ows) will 
counter this effect by reducing the fl ow velocity of the river. Both of these processes 
are modifi ed by the erodability of the channel banks and downstream sources of 
sediments (Galay  1983 ; Williams and Wolman  1985 ). Channel erosion and degra-
dation typically occurs within the fi rst several kilometers below the dam. Further 
downstream, increased sedimentation (aggradation) may occur because suspended 
material in the river water is deposited due to slower moving water resulting in a 
widening of the channel (McCartney et al.  2001 ). 

 In addition, changes in sediment transport can result in changes in fl oodplains and 
even coastal delta and coastline morphology hundreds of kilometers below a dam 
site. Dams can either increase fl oodplain deposition or decrease it by erosion depend-
ing on specifi c conditions (McCartney et al.  2001 ). In some cases, the reduced fre-
quency of fl ood fl ows and the stable low fl ows associated with the dam operation 
may encourage vegetation encroachment that can stabilize new deposits, further trap 
sediments, and reduce fl oodplain erosion. In other cases, the increased peak fl ood 
fl ow associated with dam operation may increase channel bank erosion, resulting in 
the loss of fl oodplains (McCartney et al.  2001 ). In coastal areas, the reduction of 
sediment input invariably leads to increased degradation. For example, dam con-
struction on the Nile River has resulted in erosion rates of its delta of up to 5–8 m/
year, and in some locations it reached as much as 240 m/year (McCully  1996 ).  

1.3.6     Impacts on Water Quality 

 Dams change not only the hydrologic regime but also the chemical, biological, and 
physical characteristics of the water reducing the water quality and health of the 
river ecosystem (Ligon et al.  1995 ; Poff and Hart  2002 ; Hu et al.  2008 ). The quality 
of water stored behind a dam can be very different from the river water that fl ows 
into the reservoir. Impacts on water quality vary with the size of the dam, its location 
in the river system, its geographical location with respect to altitude and latitude, the 
detention time of the water, and the sources of the water (Bergkamp et al.  2000 ; 
McCartney et al.  2001 ). Large infl uxes of nutrients into reservoirs can occur as a 
consequence of both anthropogenic inputs within the water basin (e.g., fertilizer and 
sewage) and from the biological release of nutrients from fl ooded vegetation and 
soil (McCartney et al.  2001 ). As a result, eutrophication can occur resulting in water 
blooms of blue-green algae which can deplete oxygen in the deep water layer 
(Zakova et al.  1993 ). 

 Heavy metals originate from both natural and anthropogenic sources and can 
accumulate in the sediments of reservoirs (Shine et al.  1995 ; Kidd et al.  2007 ) 
impacting the aquatic food chain and leading to serious human health hazards 
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(Loska and Wiechuła  2003 ). A study of the Mawan Dam on the Lancang River 
(Upper-Mekong) measured high concentrations of As, Cd, Cr, Cu, Pb, and Zn in 
sediments that exceeded either the threshold effects level (TEL) of the US National 
Oceanic and Atmospheric Administration (NOAA) or Effects Range-Low (ERL) of 
the Canadian Sediment Quality guidelines (Zhao et al.  2012c ). 

 Changes in water quality of the reservoir will also impact water quality down-
stream. Water released from a thermally stratifi ed reservoir may change the natural 
temperature regime of the river, which impacts in-stream biota (Petts  1984 ), because 
it infl uences many important physical, chemical, and biological processes 
(McCartney et al.  2001 ). Different water release management practices of a strati-
fi ed reservoirs will differentially change the water quality as water released from 
near the surface is generally well-oxygenated, warm, nutrient-depleted water 
whereas water released from near the bottom is cold, oxygen-depleted, nutrient-rich 
water (Zakova et al.  1993 ). 

 In arid climates, the salinization of water due to increased evaporation can be 
particularly problematic for downstream river ecosystems and fl oodplain wetlands 
(McCartney et al.  2001 ). Elevated salinity also will affect aquatic organisms (Hart 
et al.  1991 ).  

1.3.7     Impacts on Aquatic Organism 

 The changes of hydrology, sedimentation, thermal regimes, and water quality asso-
ciated with dam construction and operation can impact the composition and bio-
mass of aquatic organisms including phytoplankton, periphyton, macrophytes, and 
fi sh in the food web. Upstream of a dam, the impoundment creates an ideal habitat 
for phytoplankton, but a less suitable habitat for periphyton and rooted macrophytes 
depending on depth, temperature, light penetration, and the nature of the substrate 
(McCartney et al.  2001 ). Changes in the composition of aquatic organisms can sig-
nifi cantly affect others, e.g., blooms of phytoplankton and fl oating plants (e.g., 
water hyacinth) reduce light penetration and deplete oxygen when they decompose, 
and thus adversely affect other species (Joffe and Cooke  1997 ). 

 Downstream of a dam, primary production of phytoplankton, periphyton, and 
macrophytes are affected by changes in fl ow characteristics, water chemistry, tur-
bidity, and thermal regimes. The fl ood mitigating characteristic of dams tends to 
promote the maintenance of higher than natural plankton populations within regu-
lated rivers, by both sustaining populations released from the reservoir and promot-
ing conditions for plankton development. Algal growth occurs in the channel 
immediately downstream from dams because of the nutrient loading from the reser-
voir releases (McCartney et al.  2001 ). Algal biomass was found to be up to 30 times 
greater downstream as compared to an upstream reference site with a very different 
species composition (Valentin et al.  1995 ). Flow regulation by a dam will lead to an 
increase in bed stability downstream, creating new habitat for the growth of aquatic 
plants. For example, fl ow regulation has allowed the rapid development of rooted 
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plants ( Panicum repens  and  Phragmites mauritanus ) within the Zambezi River 
since the creation of Lake Kariba (Jackson and Davies  1976 ). 

 Fish are the most sensitive organisms affected by dam construction and fl ow 
regulation (Marchetti and Moyle  2001 ). Changes in the fl ow regime, water quality, 
river continuum, channel morphology, habitat conditions, and food webs may ben-
efi t some species, but they generally have an adverse effect on the majority of native 
species. Migratory fi sh are particularly susceptible due to the disruption of longitu-
dinal connectivity by the dam (Wu et al.  2003 ). Dams can fragment and alter habi-
tats (Wu et al.  2003 ; Wozney et al.  2011 ) to the point where native fi sh species are 
extirpated, allowing the invasion of exotic fi sh species and increasing biotic homog-
enization (Mckinney and Lockwood  1999 ; Olden et al.  2006 ; Olden and Rooney 
 2006 ). It is estimated that half the fi sh stocks endemic to the Pacifi c Coast of the 
United States have been lost in the past century, to a large extent because of dam 
construction (Chatterjee  1997 ). Upstream of the dam, the changes in fl ow patterns, 
and water temperature potentially change the feeding and spawning habitats of fi sh 
(Tiffan et al.  2002 ). Downstream of dams and fi sh populations change remarkably 
due to blockage of migration routes; disconnection of the river and fl oodplain; and 
changes in fl ow regime, physiochemical condition, primary production, and chan-
nel morphology (McCartney et al.  2001 ).  

1.3.8     Impacts on Riparian Vegetation 

 Large dams can signifi cantly change shoreline and riparian vegetation in both the 
impoundment region and downstream reaches (New and Xie  2008 ), even though the 
critical environment processes and diverse habitats for fl ora and fauna are supported 
by the riparian ecosystems (Beauchamp et al.  2007 ; Mallik and Richardson  2009 ). 
A number of studies have demonstrated that riparian vegetation can be remarkably 
impacted by damming, leading to habitat heterogeneity, declines in species richness 
and native species, and exotic species invasion (Nilsson and Svedmark  2002 ; Stave 
et al.  2005 ; Tealdi et al.  2011 ). Short-term vegetation changes are different from the 
long-term response due to riparian succession after dam begins operation (Nilsson 
et al.  1997 ). 

 Upstream of the dam, the largest impact on riparian vegetation is biomass submer-
gence, leading to loss of plant biodiversity and primary production. Moreover, varia-
tion in the water levels of reservoirs can negatively affect vegetation in the immediate 
vicinity of the reservoir. For example, in Sweden, the pattern of water- level fl uctua-
tions regulated by a dam was not synchronized with the natural regime so that the 
riparian vegetation cover was extremely sparse (Nilsson and Jansson  1995 ). 

 Flow regulation below a dam has an adverse affect on plant species adapted to 
pulse-stimulated habitats. High discharges can retard the encroachment of true 
downstream terrestrial plants, while dams can disrupt plant reproduction and allow 
the encroachment of upland plants previously prevented by frequent fl ooding 
(McCartney et al.  2001 ). For example,  Acacia xanthophloea  is disappearing from 
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the Pongolo system below Pongolapoort Dam, South Africa as a result of miss- 
timed fl oods (Furness  1978 ). However, given suffi cient time after dam construction 
forest types more characteristic of unfl ooded upland areas may replace the original 
riparian forest vegetation.  

1.3.9     Impacts on Biodiversity 

 Dams are believed to be not only a major cause for a decline in freshwater biodiver-
sity, particularly the expiration of native fi sh species, the invasion of exotic fi sh 
species, and the decrease in fi sh beta-diversity, but also a major driver for the loss of 
terrestrial biodiversity along riparian zones. Dam construction can alter the struc-
ture and pattern of both terrestrial and aquatic habitats (Wu et al.  2004 ; Choi et al. 
 2005 ; Stromberg et al.  2007 ) resulting in the loss of biodiversity in river basins 
worldwide (Table  1.2 ). Riparian corridors are particularly important for many birds 
and terrestrial animals (Naiman et al.  1993 ), and the creation of reservoirs and inun-
dation of ecosystems upstream will inevitably lead to the loss of these habitats 
(McCartney et al.  2001 ). Furthermore, the disruption of seasonal water fl ow regimes 
for fl ood control impacts downstream habitats putting the mammals and birds that 
use them at risk (McCartney et al.  2001 ; Nilsson and Dynesius  1994 ).

1.4         Social Impacts of Large Dams 

 Large dams signifi cantly impact humans worldwide. Social impacts brought by dam 
construction generally occur in agricultural activities, economic activities, and local 
culture. Chapter   4     will narrow the scope to specifi c study areas in China, and ana-
lyze the impacts on local communities using more detailed information and a strin-
gent analytical framework. 

1.4.1     Impacts on Agriculture 

 Large dam projects have multiple negative impacts on agriculture at different scales, 
but the most direct and signifi cant is the inundation of farmland. The conditions of 
the land along riverbanks are generally ideal for labor-intensive agriculture: rela-
tively fl at, easy access to irrigation water, and fertile. In one of our case studies in 
Chap.   2    , Yunnan China, most of the highly productive paddy fi elds are along river-
sides. But since these fi elds are close to the river and at approximately the same 
elevation, most of them will be submerged by reservoirs once the dams are com-
pleted (Wang et al.  2013a ). 
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   Table 1.2    Rivers at risk—summary of threats to the biodiversity in the major river basins worldwide   

 Basin name  Countries within basin 
 Large 
dams  Types of risk 

 Yangtze  China  46  Large basin under stress from 
population pressures. Loss of 
habitat threatens bird species as 
well as endangered Yangtze River 
dolphin 

 La Plata  Argentina, Bolivia, 
Brazil, Paraguay, 
and Uruguay 

 27  River basin with high biodiversity; 
threats to Pantanal and other 
internationally important wetlands 

 Tigris-Euphrates  Turkey, Iraq, Syria, Iran, 
and Jordan 

 26  Arid basin; potential for confl icts over 
water withdrawal between Turkey 
and downstream countries 

 Salween  China, Myanmar, 
Thailand 

 16  Relatively pristine river with high 
biodiversity values; serious 
concerns about human rights 
abuses in Myanmar 

 Kizilirmak  Turkey  15  Small heavily fragmented basin; 
Ramsar site located in Delta 

 Ganges  India, Nepal, China, 
Bangladesh 

 14  Endangered Ganges River dolphin; 
Sundarbans mangroves in delta 

 Tocantins  Brazil  12  Relatively developed river basin; 
further dam development and 
improved navigation will 
exacerbate degradation for use 
of farmland 

 Amazon  Brazil, Peru, Bolivia, 
Colombia, Ecuador, 
Venezuela, Guyana, 
Suriname, Paraguay, 
and French Guyana 

 11  One of the most important basins 
for biodiversity; lower dams may 
affect coastal areas 

 Mekong  Thailand, Laos, China, 
Cambodia, Vietnam, 
and Myanmar 

 11  Basin with high biodiversity and very 
productive fi sheries; droughts, and 
low water levels are current 
threats 

 Brahmaputra  China, India, Bhutan, 
Bangladesh 

 11  High biodiversity in upstream areas; 
high population pressure in delta 

 Zhu Jiang (Pearl 
River) 

 China, Vietnam  10  Highly developed basin; some 
important sites for amphibians 

 Danube  Germany, Austria, 
Slovakia, Hungary, 
Croatia, Serbia 
& Montenegro, 
Romania, Bulgaria, 
Moldova, Ukraine 

  8  68 Ramsar listed sites as well as 
UNESCO biosphere reserve 
in delta 

 Huang He 
(Yellow River) 

 China   8  River basin with severe water 
shortages; 4 endemic bird areas, 
1 Ramsar site 

(continued)
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 As a consequence of farmland inundation, new farmland needs to be cleared to 
compensate for the losses incurred by local farmers. These newly cleared lands, 
however, are in most cases inferior, since previously they were not arable. Problems 
relevant to newly cleared farmland include higher or lower temperatures, which 
may be inappropriate for the growth of certain crops; lower productivity, because it 
takes raw land several years before it can produce high yields; diffi culties in irriga-
tion, since the distance from the river is often much greater than before, and major 
investments in irrigation equipment are required to obtain the same amount of water 
as before; and some newly cleared lands have steeper slopes than before, which 
increases soil erosion. In addition, their relatively poorer conditions also force farm-
ers to use more synthetic fertilizers, which can increase pollution in water bodies 
and ecosystems (Wang et al.  2013a ; Wang  2012 ).  

1.4.2     Impacts on Local Livelihood 

 Large dam projects submerge large areas of farmland, cause thousands of people to 
be relocated, and therefore have substantial impacts on local livelihoods. According 
to the World Commission on Dams (WCD  2000 ), 40–80 million people were relo-
cated worldwide between 1950 and 2000 because of large dam construction. 

 The direct impacts of large dams on local people include the loss in houses, farm-
lands, forests, and other resources that determine a farmer’s material wealth. To off-
set the losses, relocated people are sometimes given new houses and newly cleared 
farmland, while in other cases, their material wealth losses are addressed through 
monetary compensation programs. If only material wealth loss is considered, 

 Basin name  Countries within basin 
 Large 
dams  Types of risk 

 Kura-Araks  Azerbaijan, Iran, Georgia, 
Armenia, Turkey 

  8  Biodiversity hotspot with 4 Ramsar 
sites, 1 Endemic Bird Area and 21 
IBAs 

 Yesil-Kelkit  Turkey   8  Breeding populations of many birds 
in Delta 

 Büyük Menderes  Turkey   7  River delta protected as National 
Park, protected bird areas 

 Çoruh  Turkey   7  Fast fl owing river with signifi cant 
tourist industry based on rafting 

 Susurluk  Turkey   7  N/A 
 Ebro  Spain and Andorra   6  High economic importance of delta; 

important bird sites 
 Indus  Afghanistan, Pakistan, 

India, and China 
  6  Endangered Indus River Dolphin 

   Source : Adapted from World Wildlife Foundation (   WWF  2005 )  

Table 1.2 (continued)
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relocated people in many cases are fairly compensated, or in some cases even over-
compensated (Wang et al.  2013a ). 

 However, dam projects and associated relocation programs also have various 
indirect impacts on local people. First, many relocation schemes fail to consider the 
possible negative effects that might arise from moving to a new and different envi-
ronment. People rely on specifi c skills to make a living, but the effectiveness of 
these skills can be impaired when moved to a totally new environment. Second, the 
social network supporting the community is probably disrupted in the process of 
relocation. For example, in a totally new environment, people might need to develop 
a new network for buying materials and selling products. Third, the inundation of a 
person’s hometown can lead to signifi cant psychological problems, which have 
occurred in some communities along the Upper-Mekong River (Zhao et al.  2012c ; 
Wang et al.  2013a ).  

1.4.3     Impacts on Social Equity 

 The relocation of people due to dam construction not only impacts a farmer’s 
wealth, but it also initiates a process of wealth reallocation. This may broaden the 
gap in relative wealth at different scales during relocation, which may lead to social 
inequity problems. 

 At the household level, relocation often drives people to fi nd new and diverse 
employment opportunities, instead of continuing agricultural activities similar to 
those they did in their original village. Some villagers may be relocated to urban 
areas to work in factories or companies, while others may open their own small 
businesses. The result of this change in occupations is that some people end up 
being better off and some others become worse off. This new diversity widens the 
gap in wealth status among households, which may lead to social problems in the 
community (Fu and He  2003 ; Wang  2012 ). 

 The wealth status of entire villages also changes differentially because of differ-
ent compensation policies and the different opportunities that arise from a specifi c 
dam project. Hence, compensation policies can vary substantially over time and in 
different regions. For instance, compensation standards for dam-induced relocation 
in China quadrupled in 2006 in response to new regulations, which caused large 
discrepancies in compensation between communities moved before and after this 
date (Wang et al.  2013a ; Wang et al.  2013b ). The opportunities available to relo-
cated people also vary greatly. For example, some villages are moved close to an 
urban area with a convenient transportation system, which can stimulate the local 
economy. In contrast, other villages are moved to relatively isolated areas with 
 limited access to services and very poor living conditions (Wang  2012 ). 

 At an even larger scale, such as the county or province level, the distribution of 
costs and benefi ts associated with the dam project may also be uneven. Regions 
close to a dam project likely will suffer most severely from its environmental and 
social impacts, but may not benefi t greatly from the dam. For example, China’s 

1.4  Social Impacts of Large Dams



16

Three Gorges Dam controls fl ooding in downstream provinces thousands of kilometers 
away, and generates electricity, which is fed into national grid, but only a small por-
tion of these benefi ts reach local people in the dam-affected areas (Jackson and 
Sleigh  2000 ). A more detailed analysis of social inequities related to dam construc-
tion will be covered in Chap.   4    .  

1.4.4     Impacts on Culture 

 The impacts of dam construction on local culture can occur in multiple ways. First, 
the reservoir formed by the dam could inundate historical heritage sites along the 
river, since many ancient civilizations originated in river basins and left abundant 
historical structures. Second, dams are generally built in mountainous areas, which 
in many cases are the homes of ethnic minority groups with very diverse cultures. 
The relocation of these groups may disrupt their traditional lifestyles, causing the 
loss of many unique cultural traditions and intangible features of their heritages. 

 The Aswan Dam in Egypt fl ooded the original sites of many historical monu-
ments, including Abu Simbel, Philae, Kalabsha, and Amada. The UNESCO and the 
Egyptian government moved many of these structures to higher ground above the 
reservoir to mitigate the loss of these historical resources (Hassan  2007 ). China’s 
Three Gorges Dam also affected a large area rich with historical heritage. The most 
famous one is the “Mo ya shi ke,” a place where huge Chinese calligraphy was 
carved along a cliff dozens of meters above the Yangtze River. The Chinese govern-
ment moved whole pieces of rock about 50 m up the cliff so that this spectacular 
scenery remained visible for long distances after the reservoir fi lled (Childs-Johnson 
and Sullivan  1996 ). 

 The relocation of ethnic minority groups sometimes forces them to change life-
styles, therefore losing their traditions. Some ethnic groups are merged into another 
ethnic group’s culture and have to adapt to the new environment by changing lan-
guage and/or abandoning some of their old ways of living. For example, along the 
Upper-Mekong River many ethnic minorities no longer speak their own language 
after moving into areas dominated by Han, and they often lack appropriate space to 
celebrate some of their traditional festivals, therefore gradually abandoning these 
cultural events (Wang et al.  2013a ).   

1.5     Debates Around Large Dams 

 Debates about large dams have intensifi ed in recent decades, and they generally fall 
into three types of concerns: economic feasibility, environmental sustainability, and 
social equity. This section briefl y summarizes the different points of views com-
monly expressed about these concerns based on a series of key literatures on large 
dam issues (WCD  2000 ; Sadler et al.  2000 ; Magee  2006 ; World Bank  2009 ; Mertha 
 2008 ; Scudder  2005 ; Pan and He  2000 ). 

1 A Global Review of Large Dam Construction
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1.5.1     Economic Feasibility 

 There are many proponents of dam construction, who mainly hold the opinion that 
building dams will generate opportunities for economic and social development, 
both at local and national levels. Their arguments include:

    1.    Dam construction projects will generate employment opportunities for local 
people and stimulate local economies because the arrival of engineers and con-
struction workers will generate demands for various services.   

   2.    The infrastructure that must be constructed before the dam project begins, such 
as roads and bridges will enhance the ability of local communities to access other 
regions, and sell their products across a larger market area.   

   3.    After the dams come into operation, the reservoirs could provide irrigation water 
for farmland, stimulate a benefi cial fi shery, and attract tourists to the region 
because of their “lake-like” sceneries and recreational opportunities.   

   4.    The navigation conditions for upstream regions will be improved, therefore facil-
itating trade and commerce activities.   

   5.    Hydropower dams generate cheaper and cleaner electricity than those produced 
by fossil fuel combustion. Cheap electricity could reduce the costs of many 
industries and benefi t the economy in general, and the profi t from electricity 
could increase local government revenues and stimulate local economy.     

 However, the opponents to large dams argue that many dams actually fail to 
achieve their original economic goals. Many may not even recover the cost of their 
construction, nor the secondary costs to the environment and local communities. 
Their major arguments are as follows:

    1.    Many large dam projects overrun their budgets signifi cantly, due to underesti-
mating the technical diffi culties, the compensation costs associated with the relo-
cation processes, and changes in external conditions, such as the costs of labor 
and/or construction materials. Therefore, some large dams that are considered 
economically feasible actually end up failing to recover their total costs.   

   2.    All large dams, regardless of their original purposes, have a problem of shortfall 
in designed goals to a certain extent. According to WCD’s report ( 2000 ), most of 
the irrigation dams and water supply dams fail to achieve their designed goals, 
while hydropower dams are more likely to fulfi ll their targets.   

   3.    Most large dam projects do not consider the externalized social and environmen-
tal costs in determining their total costs; therefore, the cost/benefi t calculations 
for these projects are problematic. For example, large dams could harm a down-
stream fi shery, but this fi nancial loss is seldom incorporated into the actual cost 
of the dams during the decision-making process, especially when the down-
stream area is in a different political region.   

   4.    There exist many alternatives to large dams, which may have much smaller eco-
nomic, social, and environmental costs. Water-saving agricultural techniques 
have a great potential to reduce agricultural water demand. For example, micro- 
irrigation methods, such as sprinkler and drip systems, have already proved their 
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ability to save water. Renewable energy sources, including biomass, wind, solar, 
geothermal, and ocean tidal, only constitute about 1.5 % of the electricity gen-
eration around the world. If the use of renewable energy were increased greatly, 
the need to construct of hydropower dams might decline substantially.      

1.5.2     Environmental Sustainability 

 Some opponents to dam construction argue that building large dams is an environ-
mentally unsustainable solution for generating electricity, fl ood control, and irriga-
tion for the following reasons:

    1.    The lifespan of a large dam is limited. Because of problems like sedimentation, 
most dams lose part or all their functions after about a hundred years. However, the 
impacts on the environment are irreversible and perpetual. Therefore, the short-
term benefi ts of the large dams do not offset their long-term negative impacts.   

   2.    Large dams alter the conditions of river systems so dramatically that many spe-
cies cannot adapt appropriately, and therefore are likely to go extinct. According 
to various studies, dam construction is among the most harmful human-caused 
reasons for biodiversity loss.   

   3.    The impacts of dam construction on the environment could act at different spatial 
scales, and therefore are very diffi cult to assess. Many studies focus only on the 
local impacts, but dams may also affect the regional climate and geological con-
ditions, such as triggering earthquakes, and could even contribute to global cli-
mate changes because of increased greenhouse gas emissions.     

 The proponents of dam construction do not necessarily deny these negative 
impacts on the environment, but often argue that they are exaggerated. They note 
that ecosystems have the ability to adapt to the changes, and that there are many 
technological approaches that can be applied to mitigate the negative impacts. In 
sum, they argue that there is still an overall advantage to society to building large 
dams, as their positive benefi ts outweigh the negative impacts.  

1.5.3     Social Equity 

 Opponents of dams argue that dam construction could generate many social ineq-
uity problems, mostly during the cost and benefi t distribution and the resettlement 
processes. Their main arguments are as follows:

    1.    The distributions of costs and benefi ts of dam construction are uneven. The elec-
tricity generated from hydropower dams is in most cases fed into national grids, 
but local communities bear most of the negative impacts from dam construction. 
Most of the benefi ts arising from dams do not reach the local people.   

1 A Global Review of Large Dam Construction
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   2.    The construction of dams often, if not always, involves large-scale relocation of 
local people. Relocated people lose their houses, land, and many other resources 
during the relocation, but are generally not fairly compensated. Most studies 
show that the dam-induced relocated people are generally adversely impacted 
economically and socially.   

   3.    Local minorities and indigenous groups are underrepresented in the decision- 
making process, and are often unfairly treated in dam projects. Large dams are 
usually built in mountainous areas, which in many cases are the homes of ethnic 
minority groups. Statistics show that the percentage of ethnic minorities among 
all people affected by the dam projects is much higher than the percentage of the 
minorities in the whole population. These minorities generally lag in social and 
economic development, and are therefore more vulnerable to any changes 
brought about by dams.     

 The proponents of dams argue that better compensation policies that take regional 
benefi ts and costs and the rights of local people into consideration would resolve 
these social inequity problems. They suggest the following principles be considered 
during the decision-making process:

    1.    It is critical to make sure that all stakeholders involved in and impacted by a dam 
construction project participate in the decision-making process, and the entire 
process should be transparent to all stakeholders and even to society as a whole. 
Central and local governments, local communities, companies, scholars, and 
non-government organizations (NGOs) should have opportunities to express 
their concerns and opinions before the start of a dam project.   

   2.    Better design in compensation policies that take various losses of relocated peo-
ple into consideration is needed to mitigate the impacts to the minimum level. 
When relocation of people and communities is unavoidable in dam projects, rea-
sonable compensation policies are critical to ensure the standard of living and the 
development opportunities of the relocated people are not greatly sacrifi ced.   

   3.    The rights of the indigenous people and ethnic minority groups should be given 
particular attention and protected. Their interests should be considered during 
the decision-making process even though they may lack the ability to formally 
defend their own rights.     

 Because of the complexity and wide-range impacts of large dam construction, 
the ideas held by diverse stakeholders are often confounding and opposite, and 
make this issue a particularly diffi cult dilemma to address by modern societies 
worldwide. The following chapters will focus on China, a country that leads the 
world in the construction of large dams while also facing signifi cant sustainable 
challenges arising from rapid and unprecedented economic development. By ana-
lyzing environmental and social impacts of large dams in different watersheds in 
China, and introducing frameworks to assess these impacts, we hope to provide 
helpful insights into the decision-making process for dam construction in China 
and beyond.      
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2.1                        The History of China’s Dam Construction 

 China has a long history of building dams and levees for fl ood control and irrigation. 
The earliest dam remains found so far indicate that it was built about 2,600 years 
ago, and some of the dams built more than 2,000 years ago are still functioning. 
These hydrologic projects contributed greatly to building a prosperous agricultural 
society in ancient China. But most of these ancient dams were relatively low, not 
meeting today’s height defi nition for a large dam (>15 m). 

 According to the World Commission on Dams ( 2000 ), before 1950, there were 
5,196 large dams worldwide, but only 22 were in China. However, the speed of 
dam construction in China increased so rapidly during the second half of the twen-
tieth century that after 1982, China was building more dams than all other coun-
tries combined. The construction rate slowed during the 1990s, when there were 
1,100–1,700 large dams under construction every year worldwide. Likewise, there 
were only 250–320 large dams under construction each year in China, but this still 
represented 20–25 % of the world’s annual total. Another signifi cant trend began 
in 1995, when India’s building rate surpassed China’s for the fi rst time. The history 
of modern dam construction in China (i.e., post-1950) can be further examined by 
considering four separate time periods that refl ect differing building rates (Pan and 
He  2000 ). 

 The fi rst period was from 1950 to 1957, when large dam construction was just 
beginning in China. Strategic plans during this period focused on managing several 
hazardous rivers, including the Huai, Hai, and Huang. The heights of most dams 
constructed during this period were from 50 to 100 m, and their main purpose was 
to control major fl oods that were occurring in these river basins. Some of the famous 
dams built during this period include Guanting Dam (46 m) in Beijing, Foziling 
Dam (74.4 m) in Anhui Province, and most importantly, Sanmenxia Dam (106 m) 
in Henan Province, which will be presented as case study later in Chap.   4    . 

 The second time period, 1958–1966, featured the nationwide, large-scale 
 construction of infrastructure, including large dams. Different levels of political 
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districts actively participated in this effort, and the number of large dams in China 
increased dramatically. Some very large dams were constructed in this period, such 
as Liujiaxia Dam (147 m) in Gansu Province. 

 The third period was from 1967 to 1986. Because of the infl uence of political 
events, such as the Cultural Revolution, the rate of dam building was noticeably 
reduced. However, some of the important dams were constructed during this period, 
such as Gezhouba Dam on the Yangtze River in Hubei Province, which played an 
important role in the later construction of Three Gorges Dam. During this period, the 
quality and technology associated with building dams also advanced substantially. 

 The fourth period extended from 1987 to the present. China’s successful eco-
nomic development during this period not only provided fi nancial support for large- 
scale infrastructure projects, but it also generated a huge demand for electricity, 
which has been a major stimulus for increasing hydropower projects nationwide. 
After long debates, the building of two of the world’s largest dams, Xiaolangdi Dam 
in Henan Province and the Three Gorges Dam in Hubei Province, was initiated dur-
ing this period. These will be discussed in greater detail in the case study section of 
this chapter. 

 The administration of reservoirs in China depends on their water-holding capaci-
ties (Pan and He  2000 ): reservoirs with capacities over 100 million m 3  are adminis-
trated by provincial or higher level agencies; those with capacities between 10 and 
100 million m 3  are administrated by prefecture level agencies; those with 1–10 mil-
lion m 3  are administrated at the county level; those from 100 thousand to 1 million 
m 3  are administrated at the town level; and reservoirs under 100 thousand m 3  are 
administrated at the village level. Hydroelectric plants have different administrative 
systems and will not be discussed here.  

2.2     The Distribution of Large Dams in China 

 In the 1980s, the Chinese Government designed a long-term development plan for 
hydraulic projects, most of them focused on hydropower. The Ministry of Water 
Resources identifi ed 13 hydropower bases in different river basins across China 
(Fig.  2.1 ) (China Hydropower Engineering Web 2011). Hydropower was consid-
ered a cleaner and cheaper energy source than fossil fuels, and this ministry pro-
posed increasing the proportion of hydropower in the electricity structure of China, 
as coal-burning power plants currently contribute about 80 % of the nation’s total 
electricity. This long-term hydraulic project plan covered almost all the large river 
basins in China (Fig.  2.1 ), and its implementation has been intensifi ed due to the 
growing demand for energy as a result of rapid urbanization and economic develop-
ment. Later sections of this chapter will provide case studies of some important 
dams, including the Three Gorges Dam, Xiaolangdi Key Water Control Project, and 
dams in Yunnan Province. More case studies are given in Chaps.   3     and   4    , which 
focus on the environmental and social impacts of these dams, respectively.
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   Each of these 13 hydropower bases has important characteristics that are sum-
marized below (China Hydropower Engineering Web  2011 ). The numbers corre-
spond to those provided in Fig.  2.1 .

    1.    The Jinsha River is another name for the upper reach of the Yangtze River and 
is also one of the three parallel rivers in Yunnan Province. It has a large fl ow 
magnitude and drop in elevation, and therefore is potentially the largest source 
of hydropower in China. The feasible, installed capacity of this river alone is 
63,830 MW, and there are dams either proposed or under construction on its 
middle and lower reaches; the upper reach of the Jinsha River has not yet been 
exploited.   

   2.    The Yalong River is located in western Sichuan Province and is the largest 
tributary of the Jinsha River. Its middle and lower reaches run through deep 
valleys and have a signifi cant elevation drop. The fi rst hydropower station on 
the Yalong River, the Ertan hydropower station, had an installed capacity of 
3,300 MW and was the largest hydropower station built during the twentieth 
century in China.   

   3.    The Dadu River is a secondary tributary of the Yangtze River, but it has tremen-
dous hydropower potential. Its elevation drop is more than 1,800 m, with a 
feasible, installed capacity of 23,480 MW. Because the estimated extent of 

  Fig. 2.1    Thirteen hydropower bases in China (Synthesized from data on China Hydropower 
Engineering Web ( 2011 ))       
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 submerged farmland and villages is much less than that for other large dams in 
China, the Dadu River is considered to be very economically feasible for hydro-
power development.   

   4.    The Wu River is another large tributary of the Yangtze River, with an installed 
capacity of 6,875 MW. Since land around the river has abundant deposits of 
coal and many minerals, hydropower development is hoped to leverage the 
exploitation of multiple resources in the area.   

   5.    The Upper-Yangtze River refers to the reach downstream of the Jinsha River, 
from Yibing to Yichang. The elevation drop in this reach is only 220 m, much 
less than that in the Jinsha River, but the magnitude of its fl ow is much larger. 
The Three Gorges Dam is on this reach, and four other dams are proposed along 
this reach. Additional dams also are proposed for smaller tributaries of the 
Upper-Yangtze River.   

   6.    The Nanpan and Hongshui Rivers are the upper tributaries of the third largest 
river in China, the Pearl River. They are close to the most developed region in 
China, the Pearl River Delta, where Hong Kong, Guangzhou, and Shenzhen are 
located. Therefore, electricity generated from these two rivers could be fed into 
the Guangdong Province grid to further stimulate economic growth in these 
major urban areas.   

   7.    The Lancang River is another of the three parallel rivers in Yunnan Province, 
which is also the name of the upper reach of the Mekong River. Six dams were 
proposed for the upper reach of Lancang River, and another eight for the lower 
reach. The total installed capacity for the mainstream of the Lancang River is 
21,370 MW. Dams on this river are discussed in detail in the case study parts of 
this chapter and Chap.   3    .   

   8.    There are 16 dams designed on of the Upper-Yellow River, with total, installed 
capacity of 14,155 MW. These dams are located in gorges in northwest China 
that have low population densities and less productive farmlands. Therefore, 
the economic impacts of these dams on local people are comparatively low.   

   9.    The Middle-Yellow River runs through the longest stretch of gorges on this 
river. Since this reach is the source of the largest amount of sand along the river, 
dams built here would not only generate electricity, but also would control silt-
ation in downstream dams, such as Sanmenxia and Xiaolangdi. Its estimated 
installed capacity is 6,092 MW.   

   10.    There is a series of dams planned for rivers in western Hunan Province, which 
have great hydropower potentials, including the Yuan, Zi, and Li Rivers. It is 
proposed to build cascade dams on each of these three major rivers, with total 
installed capacity of 6,613 MW. Beside hydropower, they also will have the 
ability to control fl ooding in cooperation with dams on the mainstream of the 
Yangtze River.   

   11.    The mountainous areas in the southeast provinces of Fujian, Zhejiang, and 
Jiangxi contain tremendous hydropower potential, with an estimated total 
installed capacity of 16,800 MW.   
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   12.    The northeast China hydropower base includes fi ve major rivers, namely the 
Heilong, Mudan, Songhua, Yalu, and Nen. The total installed capacity is 
 estimated to be 11,316 MW.   

   13.    The Nu River is the third of the three parallel rivers in Yunnan Province. Its 
proposed installed capacity is 21,320 MW. Because of the protests arising from 
various NGOs as well as the Ministry of Environment Protection, no dams have 
been constructed to date on this river, and it is called the “last pristine major 
river in China.” This will be discussed in the case study part of Chap.   4    .    

2.3       Case Studies of Large Dams in China 

 This section provides a series of case studies on representative large dams in China, 
including the Three Gorges Dam, Xiaolangdi Key Water Control Project, and 
Cascade Dams on the Lancang (Upper-Mekong) and Jinsha Rivers. The fi rst two 
dams are key hydraulic projects built on the two largest rivers in China, the Yangtze 
and the Yellow, respectively. The other two cases are in Southwestern China, where 
there is the highest hydropower potential in China. The case studies in this section 
intend to provide a general sense of the physical, social, and environmental features 
of large dams in China, from the decision-making process to the various impacts of 
large dams. Chapters   3     and   4     will use more case studies and focus on the environ-
mental and social impacts of large dams, respectively. 

2.3.1     The Three Gorges Dam 

2.3.1.1     Seventy Years of Decision-Making 

 The Three Gorges Dam was among the most contentious dams in China’s hydraulic 
project development history. The original idea of building a large dam on the 
Yangtze River before it runs into the plains of Central China was proposed in 1919 
by Sun Yat-sen, and in 1932 the government of Republic of China conducted the 
fi rst investigation to identify potential sites for such a dam. However, at that time it 
was not economically viable or technologically feasible for the Chinese Government 
to build such a dam. In 1944, John Lucian Sovage, a dam expert from the US Bureau 
of Reclamation, investigated the Three Gorges area, and wrote the fi rst scientifi c 
proposal for constructing the dam. In this proposal, the electricity generated by the 
dam surpassed the total demands of all seven provinces around the Three Gorges. 
China and the United States began to consider a collaborative effort to build the 
dam, but this plan was terminated in 1947 due to the Chinese Civil War (Xinhua 
News Agency  2003b ). 

 After the founding of the People’s Republic of China in 1949, the dam proposal 
was again brought into serious discussion, when MAO Zedong showed special 
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interest in constructing the dam to harness the Yangtze River. Mao and many 
hydraulic engineers investigated the Upper-Yangtze many times and discussed opti-
mal locations for the dam and its expected cost, lifespan, and possible diffi culties 
that might be encountered during its construction and operation. However, the bud-
get proposed by hydraulic engineers to Mao was still too large for the fragile national 
economy. Even so, Mao’s desire to build this dam played an important political role 
in later decision-making processes (Childs-Johnson and Sullivan  1996 ; Xinhua 
News Agency  2003b ). 

 In 1984 the Yangtze River Basin Committee proposed a plan to the Central 
Government, with a dam height of 150 m. However, the City of Chongqing was dis-
satisfi ed with this plan because the backwater of the reservoir would not reach 
Chongqing. Hence, the fi nal dam height was changed to 185 m, with the water level 
rise of 175 m being equal to the elevation of the Chaotianmen Port in Chongqing, 
which would greatly improve the transportation conditions and commerce for this 
megacity. In 1992, after many years of debates and discussions, and being more 
confi dent in its economic abilities, the Chinese Central Government fi nally made 
the decision to build the dam. 

 Construction commenced in 1994, with the whole project divided into three 
stages. The fi rst stage lasted from 1994 to 1997 and included preparing projects to 
divert the Yangtze River’s fl ow and designing a temporary ship lock along the east-
ern bank. The second stage, 1998–2003, involved building the dam and installing 
generators on the east side and completing a permanent ship lock. The third stage, 
2003–2009, involved fi nishing the dam and installing generators on the west side. 
After the completion of the project, the reservoir behind Three Gorges Dam cur-
rently is 600 km long, covering a total area of 10, 000 km 2  (Stone  2008 ; Xinhua 
News Agency  2003b ).  

2.3.1.2     Multiple Functions 

 Three Gorges Dam is a megaproject with multiple purposes. The fi rst purpose is to 
generate electricity. Due to the huge reservoir capacity, it now has the ability to 
generate the greatest amount of electricity among all dams worldwide. The installed 
capacity is 18,200 MW, and the electricity from its power station is transported to 
10 provinces, including Shanghai thousands of kilometers away (Xinhua News 
Agency  2003a ; Jackson and Sleigh  2001 ; Stone  2008 ). 

 The second purpose is fl ood control. The downstream area of the Yangtze River 
has been vulnerable to fl ooding for thousands of years, which has been exacerbated 
more recently by deforestation in its upstream areas. The Yangtze’s downstream 
plain is the most populated and developed region in China and three large fl oods 
during the twentieth century, 1931, 1954, and 1998 have caused thousands of deaths 
and staggering losses in capital. In 1992, right before the fi nal decision was made to 
construct the dam, some experts stated the important function of fl ood control as 
follows: “If we don’t consider the fl ood control of the Three Gorges Dam, then its 
costs will exceed the benefi ts; however, if we take the benefi t of fl ood control into 
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account, then the benefi ts of the dam will exceed the costs” (Xinhua News Agency 
 2003a ). This statement illustrates the signifi cance of the dam’s fl ood control func-
tion. It was reported that the Three Gorges Dam reservoir has a fl ood storage capac-
ity of 22.15 billion m 3  and could alone protect downstream areas from 100- year 
return-period fl oods. Furthermore, in collaboration with other fl ood control proj-
ects, the dam also would signifi cantly reduce damages arising from 1,000-year 
fl oods (Xinhua News Agency  2003a ; Wu et al.  2004 ). 

 The third purpose is for navigation. Flow in the upstream reaches of the Yangtze 
used to be rapid and narrow, but after dam construction, it became placid and wide. 
The water is also much deeper than before, which allows larger ships to reach 
upstream cities. For example, the Port of Chongqing can now accommodate large 
cargo ships in the 10,000-t class connecting commerce to downstream locations. 
This improvement in water transportation has signifi cantly stimulated economic 
development in this megacity (Xinhua News Agency  2003a ).  

2.3.1.3     Social and Environmental Consequences 

 The Three Gorges Dam has caused various social and environmental impacts 
since its construction. It was estimated in offi cial documents that after the comple-
tion of the relocation program in 2010, a total of 1,397,000 people had been relo-
cated. The dam directly affected 20 counties in Chongqing City and Hubei 
Province; but many more counties and provinces were involved in the relocation 
project. As in the original plan, 25,000 people in affected counties in Hubei were 
relocated to other unaffected counties in the same province; 20,000 people in 
affected counties in Chongqing were relocated to other unaffected counties also in 
Chongqing, but 70,000 people were relocated to other provinces, specifi cally, 
Sichuan, 9,000; Jiangsu, Zhejiang, Shandong, Hubei, and Guangdong, 7,000 
each; Shanghai and Fujian, 5,500 each; and Anhui, Jiangxi, and Hunan, 5,000 
each. The actual numbers were generally much higher than those cited in the 
original plan; for example, Anhui Province actually accepted 8,094 residents from 
Chongqing rather than 5,000 as stated in the plan (Xinhua News Agency  2003a ; 
Jackson and Sleigh  2000 ; Li et al.  2001 ). 

 After settling in new places, relocated people began their long and sometimes 
diffi cult adaption to a new environment. Lack of farmland and other resources made 
the lives of some relocated people extremely diffi cult, and it was also hard for many 
to merge into the local society. For example, it became top news in Suqian, Anhui 
Province when a local woman married a relocated man because they were discrimi-
nated against and this kind of marriage was very uncommon (People's Daily Online 
 2010 ). The undetermined social costs of the almost 1.4 million relocated people 
make the total cost of the Three Gorges Dam diffi cult to estimate. 

 The environmental impacts of the Three Gorges Dam are also substantial. The 
dam altered the Yangtze River’s fl ow regime signifi cantly, which extensively infl u-
enced water quality (Muller et al.  2008 ), terrestrial and aquatic biodiversity (Wu 
et al.  2004 ), and fi sheries (Chen  2002 ). Records showed that after the construction 
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of the dam, the concentration of nitrate almost doubled downstream, and the con-
centration of many heavy metal ions, such as Pb, Cu, Cd, and Cr, also signifi cantly 
increased. These changes in water quality could threaten the health of downstream 
ecosystems. Water level in the reservoir increased by 175 m and isolated more than 
100 mountaintops and ridges, turning them into islands. This fragmentation of habi-
tats could greatly reduce the number of species. The dam has even larger impacts on 
aquatic biodiversity, such as the blocking of migratory pathways and fragmenting of 
aquatic habitats, which are particularly detrimental to many species, some of which 
are endangered. The fi shery on the Yangtze River also suffers from the dam. Annual 
commercial harvest data show that after 2003–2005, which was the period of 
impoundment, the commercial harvest of four carp species and the number of drift- 
sampled carp eggs and larvae decreased dramatically.   

2.3.2     Xiaolangdi Key Water Control Project 

2.3.2.1     A Failure Precedent: Sanmenxia Dam 

 The Yellow River is the most hazardous river in China, and it is also a river with the 
world’s largest concentration of sand. Due to serious ecological degradation and 
soil erosion in its middle reach, 1.35 billion tons of sand are deposited in the river 
every year during the fl ood season. In the lower reach where the river course 
becomes fl at and the fl ow speed decreases, about a quarter of this sand accumulates 
along the riverbed, lifting it by 10 cm each year. After thousands of years of sedi-
mentation, the riverbed of the lower reach is now on average 5 m higher than the 
surrounding land, and a 1,400 km long levee has been built and maintained to hold 
the water. Hence, fl ood control of the Yellow River has long been a key concern of 
the Chinese Government (Ministry of Water Resources  2009 ). 

 The Chinese Government decided to build a large dam in the gorge areas of the 
Yellow River in the 1950s to resolve the sediment accumulation and fl ood problems. 
Experts from the Soviet Union were invited to help design the dam. Those experts 
were experienced in large hydraulic projects in the Soviet Union, but had never 
worked on a river with such a high sand concentration. They fi nally chose Sanmenxia 
Gorge as the dam site. However, this proposal was strongly opposed by some 
Chinese experts who were familiar with the characteristics of the Yellow River, 
particularly Huang Wanli, who was a professor at Tsinghua University and widely 
respected for his knowledge about the management of the Yellow River. Huang 
argued that building a dam at Sanmenxia would block the sand from moving down-
stream and cause serious fl oods on the upstream plain area. Unfortunately, it was 
diffi cult to oppose experts from the Soviet Union at that time, so the proposal was 
approved and Huang suffered political persecution for more than 20 years (Tianjin 
E-North Netnews  2003 ; Tan and Liu  2003 ). 

 Sanmenxia Dam was complete in 1960. Unfortunately, only 1-year later Huang’s 
prediction became true when 1.5 billion tons of sand blocked the Yellow River, 
 lifting the riverbed of the Wei River, the Yellow River’s largest tributary, by 40 m. 
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A large area of highly productive farmland on the Wei River plain was inundated, 
and almost half a million local people were forced to move to Gansu Province hun-
dreds of kilometers away. Even though Sanmenxia Dam was overhauled several 
times, it continued to cause serious problems for the next 40 years. The failure 
of this dam was the result of suppressing different opinions during the decision-
making process and the lack of consideration of how to reduce sediment accumula-
tion. Having learned from these mistakes, the Chinese Government during the 1990s 
began planning for another large dam, Xiaolangdi Dam about 130 km downstream 
from Sanmenxia Dam, which would fulfi ll the unachieved goals of this  earlier dam 
(Tan and Liu  2003 ; Tianjin E-North Netnews  2003 ).  

2.3.2.2    The Historical Missions of Xiaolangdi Dam 

 The Xiaolangdi Key Water Control Project is located 40 km north to Luoyang City, 
Henan Province, and 130 km downstream of Sanmenxia Dam. It is at the last gorge 
mouth of the middle Yellow River, and controls an area of 69,420,000 km 2  of river 
basin, which is about 92 % of the entire Yellow River basin. The multiple purposes 
of Xiaolangdi Dam include fl ood control, sediment reduction, water supply, irriga-
tion, and hydropower (Ministry of Water Resources  2009 ). 

 After the failure of Sanmenxia Dam, Xiaolangdi Dam was given high expecta-
tions to solve the serious problems related to the Yellow River. During the rainy 
season, the downstream levee becomes very fragile, and because of the continuing 
accumulation of sand on the riverbed, the levee needs to be strengthened and height-
ened year after year. A new problem emerged during the 1970s when heavy water 
consumption in the Yellow River watershed began causing water shortages down-
stream during the dry seasons. Therefore, four goals were set for Xiaolangdi Dam: 
(1) during the rainy seasons the levee would not break; (2) during the dry seasons 
the water course would not dry up; (3) water contamination would be kept at a low 
level; and (4) sand would not continue to accumulate on the downstream water 
course, and thus the height of the waterbed would not increase (Henan Xinhua 
News Agency  1997 ; Ministry of Water Resources  2009 ). 

 In April 1991 the National People’s Council approved the Xiaolangdi project. 
Dam construction started in September 1991 and was complete at the end of 2001. 
The top of the dam is 281 m above sea level, and the maximum water level is 275 m 
above sea level. The total capacity of the dam reservoir is 12.65 billion m 3 , which 
includes 7.55 billion m 3  for storing sand and other 5.1 billion m 3  for regulating 
water fl ow and generating electricity. The World Bank provided a loan of one billion 
US dollars for this project, as well as technical and management support (Ministry 
of Water Resources  2009 ; China.org.cn  2008 ). 

 After the completion of the dam, Xiaolangdi began to play an important role in 
river management. First, the massive reservoir could store water during the rainy sea-
sons, thus reducing the risk of fl oods in the downstream areas. Before the Xiaolangdi 
Dam was built, the existing levee and reservoirs on the Yellow River could only pro-
vide protection from 60-year return-period fl oods, but now downstream areas are safe 
from 1,000-year fl oods (   Liu and Xia  2004 ; Ministry of Water Resources  2009 ). 
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 Second, the reservoir stores water during the rainy season, and discharges it dur-
ing the dry season to meet water consumption demands downstream, particularly 
during drought years. In contrast to earlier times, the Yellow River has never dried 
up since the completion of the dam. Hence, a large agricultural area benefi ts signifi -
cantly from the water supply function of the Xiaolangdi project (Liu and Xia  2004 ; 
Ministry of Water Resources  2009 ). 

 Third, learning from lessons from the Sanmenxia Dam, Xiaolangdi Dam took 
the sand accumulation problem into consideration. About 60 % of the reservoir’s 
capacity was designed to store sand coming from upstream, and it is estimated that 
the height of the downstream riverbed will not increase for at least 20 years. In the 
long-term, the dam also would control water speeds slowing the washing-out of 
sand along the downstream riverbed, and with collaborative efforts to restore vege-
tation and reduce soil erosion in upstream areas, sand accumulation and depletion 
downstream could reach a balance (Ministry of Water Resources  2009 ). 

 Fourth, Xiaolangdi Dam also has an electricity generation function, with an 
installed capacity of 1,800 MW, which could effectively meet the electricity supply 
for Henan Province, where it is located (Liu and Xia  2004 ; Ministry of Water 
Resources  2009 ). 

 Overall, Xiaolangdi Dam has achieved most of its goals and contributed signifi -
cantly in managing the Yellow River. The sand accumulation problem has been 
greatly reduced, and the Yellow River is becoming more and more stable. The 
World Bank has praised this project, regarding it as a successful model for other 
projects it is supporting in developing countries (China.org.cn  2008 ). 

 Despite various achievements of the Xiaolangdi Dam, it also has had substantial 
social and environmental impacts. For example, 201,400 people were relocated, 
including 159,400 in Henan Province and 42,000 in Shanxi Province. At the maxi-
mum water level of 275 m, almost 278 km 2  of land in eight counties were sub-
merged or indirectly affected, inundating 13,000 ha of farmland and 3,960 ha forests 
and orchards. Furthermore, 174 villages and 787 factories needed to be relocated, 
and 297 historical sites were submerged (Ministry of Water Resources  2009 ). 

 According to the requirements of the World Bank for environmental protection, 
the Xiaolangdi project also developed different methods to minimize its impacts on 
the environment. However, it still changed the landscape across a large area, and the 
negative effects caused by the project likely will not be known for years to come 
(Ministry of Water Resources  2009 ).   

2.3.3     The Lancang River 

2.3.3.1    A Successful Hydropower Development Model 

 The Upper-Mekong River, which is called the Lancang River in China, is one of 
Yunnan’s three parallel rivers. It fl ows from the Tibetan Plateau, goes through 
Yunnan Province for 1,247 km, and runs through Myanmar, Laos, Thailand, 
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Cambodia, and Vietnam before empting into South China Sea. Flowing through 
deep valleys, the Mekong River has an elevation drop of over 800 m in Yunnan 
Province, which is ideal for building dams in the view of hydrologic engineers. In 
the 1980s, Yunnan Province invited nationally renowned hydropower experts to 
design the Lancang cascading hydropower exploitation plan. These experts designed 
14 cascade dams on the reach of the Lancang River in Yunnan Province, with eight 
dams along its middle and lower reaches. From upstream to downstream, these 
eight dams are: Gongguoqiao (GGQ), Xiaowan (XW), Manwan (MW), Dachaoshan 
(DCS), Nuozhadu (NZD), Jinghong (JH), Ganlanba (GLB), and Mengsong (MS) 
(Fig.  2.2 ) (Han  2006 ).

   The development process of the Lancang cascade dams is a good illustration of 
the Chinese hydropower model, which is “watershed, cascade, rolling, comprehen-
sive.” “Watershed” means a watershed should have a whole and consistent exploita-
tion plan, instead of separate plans for different reaches; “cascade” means for each 
large river, there should be a series of dams being built to take advantage of the 
entire river’s hydropower potential; “rolling” is the strategy to use a small amount 
of capital to build the fi rst of the cascade dams, then use the profi t from the fi rst dam 
to build the second one, then the third, and so on; “comprehensive” has two basic 
meanings, the fi rst is that all the dams should regulate the fl ow under a comprehen-
sive plan for the whole river, and the second is to build dams not only to generate 

  Fig. 2.2    Cascading dams on the Lancang River       

 

2.3  Case Studies of Large Dams in China



36

electricity, but also as means for enhancing irrigation, water supply, navigation, and 
tourism (Han  2006 ; Duan  2009 ). 

 The fi rst dam built on the mainstream of the Lancang River was Manwan Dam 
(MW, Fig.  2.2 ). It was completed in 1995, with an installed capacity of 1,250 MW. 
Manwan is the fi rst dam in Yunnan Province that takes part in the “Transport west-
ern electricity to the east” strategy. Part of the electricity from it is transported to 
highly developed Guangdong Province to meet its massive energy demand. The 
second stage of the Manwan project was completed in May 2007, adding another 
300 MW installed capacity to the hydropower station. 

 Dachaoshan (DCS, Fig.  2.2 ) was the second dam built on the Lancang River, 
which was completed in 2003, with an installed capacity of 1,350 MW. Its fi nancing 
and management was a revolution in China’s large hydropower dam construction 
history, which for the fi rst time introduced the modern enterprise system into the 
hydropower sector. 

 The third dam, Xiaowan (XW, Fig.  2.2 ), is 70 km upstream of Manwan Dam 
(MW). It was completed in 2009, with the installed capacity of 4,200 MW. It is one 
of the two key water-control dams in the cascade dam system, having the ability to 
regulate fl ow for all the downstream dams in a long term. The height of the dam is 
300 m, forming a reservoir of 14,560 million m 3 . 

 Nuozhadu Dam (NZD, Fig.  2.2 ) is the largest on the Lancang River, and it is the 
other key water-control dam, regulating fl ow for three dams downstream of it, 
Jinghong (JH), Ganlanba (GLB), and Mengsong (MS). Nuozhadu Dam is still 
under construction, and the planned installed capacity is 5,850 MW. According to 
the offi cial website, the dam is planned to be completed in 2017 (Xinhua News 
Agency  2002 ). 

 Jinghong Dam (JH, Fig.  2.2 ) was completed in 2009, with an installed capacity 
of 1,500 MW. According to an agreement between China and Thailand in 2001, a 
Thai company was to hold 70 % of the company’s shares, and all the electricity 
generated from plant was to be sold to Thailand. However, to accelerate the imple-
mentation of the “transport western electricity to the east” strategy in China, it was 
fi nally decided that a Chinese company would hold all of the shares and that the 
electricity from Jinghong would be sent to Guangdong Province. 

 The other three dams, Gongguoqiao, Ganlanba, and Mengsong (GGQ, GLB, MS, 
Fig.  2.2 ), are either under construction or being designed. These dams are much 
smaller than the other dams, and they will not have the ability to regulate fl ow. The 
designed installed capacities for each of them are: Gongguoqiao, 750 MW; Ganlanba, 
250 MW; and Mengsong, 600 MW (Xinhua News Agency  2002 ; Duan  2009 ).  

2.3.3.2    Environmental and Social Consequences 

 Cascading dams on the Lancang will dramatically change the profi le of the river, 
and alter its natural fl ow signifi cantly (Fig.  2.3 ). It is also clear that Xiaowan and 
Nuozhadu are much larger dams than the others, and these two dams actually have 
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the ability to regulate the fl ow of the downstream dams. Such a signifi cant change 
in the landscape will undoubtedly have impacts on the environment and local human 
communities.

   The fi rst environmental impact dams have is on local agriculture. Only 7 % of 
land in Yunnan is arable, and most of the arable land is along riversides. The newly 
formed reservoirs will submerge a large area of productive farmland and local vil-
lages will be forced to move. The people so relocated would cause secondary envi-
ronmental impacts, such as the clearing of new land for agriculture and increasing 
deforestation and soil erosion in that area. The newly cleared farmland is generally 
less fertile than the original land, and therefore it will require more fertilizer, being 
more costly and possibly promoting more pollution of water bodies. The second 
impact is on fi sh and fi shery in the Lancang River. The lower reach of the Mekong 
River, which is downstream to the Lancang River, is one of the largest freshwater 
fi shing grounds in the world. It is estimated that freshwater fi shes constitute 80 % of 
the animal protein consumption in Cambodia. During the wet season, a large area in 
Cambodia is inundated by the Mekong River, which provides an opportunity for 
many fi sh species to spawn (Dore and Yu  2004 ). Regulating the fl ow of the Lancang 
River will reduce the magnitude and frequency of fl oods downstream and substan-
tially reduce fi sh populations. Migratory fi sh cannot go to upstream due to the 
 fragmentation of the watercourse, which might cause the extinction of some species. 
In addition, the cascade dams also aggravate sedimentation in the Lancang River. 
Evidence shows that the rate of soil erosion along the Lancang River has increased 
in recent years, which could signifi cantly shorten the lifespan of the dams. 

 Social impacts of the cascade dams include changes in local livelihoods, social 
inequity problems, cultural diversity loss, and international confl icts over water use. 

  Fig. 2.3    Vertical profi le of the Lancang River after dam construction (Synthesized from data on 
Magee  2006 )       
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Local farmers suffer wealth loss in both material and nonmaterial forms, such as 
submerged farmland and houses, being unable to use certain skills, and social capi-
tal loss. Relocation could also cause social inequities at different scales, from 
household to regional levels. The Lancang region is one of the most cultural diverse 
areas in China, with more than 20 ethnic groups (Dore and Yu  2004 ). A mass reloca-
tion program could cause signifi cant cultural impacts and loss in traditional cus-
toms. The Mekong River is called “the Danube River in the East,” going through 
seven countries. Building dams on its upstream reaches likely would heighten the 
confl icts between upstream and downstream residents.   

2.3.4     The Jinsha River 

 The Jinsha River is the upper reach of Yangtze River, with a watershed of 473,200 km 2 , 
which is about 26 % of the total Yangtze watershed. The upper reach of the Jinsha 
River is from Yushu to Shigu, a length of 958 km, and an elevation drop of 1,677 m; 
the middle reach is from Shigu to Panzhihua, which is 1,326 km in length with an 
elevation drop of 1,570 m; and the lower reach is from Panzhihua to Yibin, which is 
782 km and has a 729 m elevation drop. The Jinsha River has the hydroelectric poten-
tial of 112,400 MW, which is about 16.7 % of China’s hydroelectric potential. Most 
of the river runs through deep and narrow gorges, geologically suitable for building 
large dams (China Three Gorges Corporation  2008 ; Li  2009 ). 

 The planning of hydroelectric projects on the Jinsha River dates back to the 
1950s. In the 1990s, according to the national hydroelectric planning strategy, 14 
dams were proposed along the river. Two of these dams were to be on the upper 
reach, Rimian and Tuoding; eight dams were proposed for the middle reach, 
Hutiaoxia, Liangjiaren, Liyuan, Ahai, Jinanqiao, Longkaikou, Ludila, and 
Guanyinyan; and four dams were identifi ed for the lower reach, Wudongde, 
Baihetan, Xiluodu, and Xiangjiaba. The State Development and Reform Commission 
dictated the order of their construction: dams on lower reach were to be built fi rst, 
followed by dams on the middle reach, and last those on the upper reach (Li  2009 ). 

 In 2002, the China Three Gorges Corporation, a state-owned company, obtained 
the right to build the four dams on the lower reach. The Xiluodu Dam project com-
menced in December 2005, and Xiangjiaba began in December the following year. 
The other two lower reach dams, Wudongde and Baihetan, are presently going 
through feasibility studies and environmental impact assessments. The proposed 
total installed capacity of the four dams is twice as large as that of the Three Gorges 
Dam (Li  2009 ). 

 At the end of 2005, a new state-owned company, the Yunnan Jinsha River 
Hydropower Corporation, was founded, with the goal of building the eight middle 
reach dams. According to the  Jinsha Middle Reach Hydropower Planning Report  in 
2003, the total installed capacity of these dams will be 20,580 MW. The sharehold-
ers in the Corporation are actually several big electricity companies in China: 
Huadian Corporation, Huaneng Corporation, Datang Corporation, Hanneng 
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Corporation, and Yunnan Investment Corporation. Each of these companies is in 
charge of one or more dams; for example, Huadian is responsible for building 
Ludila Dam, and Huaneng is responsible for Longkaikou Dam. The fact that differ-
ent companies manage different dams on the middle reach of the Jinsha River might 
make fl ow regulation more complex and politicized. Actually, fl ow regulation of the 
entire Yangtze River lacks a comprehensive management strategy, which impairs 
the functioning of its dams for fl ood control and supplying water. For example, 
when the Yangtze watershed suffers from drought, downstream areas need more 
water for irrigation and urban consumption, but in many cases the upstream dams 
hold the water to generate electricity, which aggravates drought problems down-
stream. When there is heavy precipitation in the watershed, the upstream dams gen-
erally discharge their stored water to release pressure on the dams, which makes the 
situation of the already fl ooded downstream areas even worse (Li  2009 ; South China 
Weekends  2010 ). 

 Similar to the situations of many large dam projects on other rivers, there have been 
heated debates about the dams on the Jinsha River in recent years. Because of the mas-
sive profi ts arising from the production of hydroelectricity, hydropower companies 
and local governments eagerly push the dam construction process forward. But the 
Ministry of Environmental Protection and environmental NGOs also try their best to 
prevent some of the construction (South China Weekends  2010 ; Li  2009 ). 

 Opponents of the dam projects on not only the Jinsha River, but also other major 
rivers in Southwestern China, include some Chinese NGOs, journalists, scientists, 
as well as some environmental protection agencies. Their major arguments are sum-
marized below.

    1.    The Southwestern Chinese Rivers are marked by high biodiversity and the 
“Three Parallel Rivers” are identifi ed as part of the World Natural Heritage by 
UNESCO. The dam projects might cause irreversible impacts on the river gorges 
ecosystems and pristine scenery.   

   2.    These rivers run across a region with very high ethnic and cultural diversity, and 
dam construction would require relocating thousands of these indigenous peo-
ple, which would damage their unique customs and cultures.   

   3.    Some experiences with dam-caused relocation programs in Yunnan Province 
showed that they signifi cantly lowered the standards of living of the relocated 
people. Therefore, it is socially unfair for local people to sacrifi ce their liveli-
hoods while hydroelectric companies reap huge benefi ts from the project.     

 The proponents of the dams care more about local development, and they think 
the dam projects will provide golden opportunities. Those people include local gov-
ernment offi cials, managers of state-owned hydroelectricity companies, and some 
scientists. Their major points are summarized below.

    1.    Because of population growth and extreme poverty, local people have already 
destroyed the primary forest below the elevation of 2,000 m. Therefore, dam con-
struction would only cause inundation of these already ecologically destroyed areas 
and would not have substantial impacts on primary ecosystems above that elevation. 
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Actually, dams might even benefi t the ecosystem, since the electricity generated 
could reduce the mass consumption of fuel wood and save remaining intact 
forests.   

   2.    Hydroelectric projects could bring prime development opportunities to this 
remote area. The dam projects could generate substantial fi nancial returns, and, 
even though only a small portion would be retained locally, this would result in 
at least a tenfold increase in the local revenue. This is why the local government 
is among the most active advocators of the dam project.   

   3.    It is undeniable that the dam projects will have signifi cant impacts on the river 
species, particularly some migratory fi shes. But the environmental impact assess-
ment showed that among many indigenous fi sh species, only a couple of them 
would likely to be driven to extinction. Hence, the value of one species cannot be 
compared with the development opportunities for millions of people.   

   4.    Population density in the proposed project area is relatively low compared to 
other hydraulic project areas. For example, even though the installed capacity is 
larger than Three Gorges Dam, the dams would require the relocation of less 
than 10 % of the people displaced by the Three Gorges Dam project. Therefore, 
the social impacts of the dam project are also relatively low.     

 Unlike the Nu River situation discussed in Chap.   4    , where environmental NGOs 
successfully halted the proposed dam construction, there are several dams already 
under construction along the Jinsha River. The fragmentation of the Jinsha River 
has extensive social and environmental impacts. Unfortunately, there appear to be 
fewer published studies addressing the potential impacts of dams on the Jinsha 
River compared to other case studies presented in this section (South China 
Weekends  2010 ; Li  2009 ).      
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3.1  �An Overview of Environmental Problems  
Caused by Dams in China

With the growing awareness concerning the environmental impacts of coal-fired 
power plants, China has shifted to exploiting hydropower, a cleaner energy resource. 
China has become the world’s largest hydropower producer having built some 
87,000 dams and reservoirs, about one-third of which are for hydroelectricity pro-
duction. According to an estimate by the Chinese Government, the Three Gorge 
Dam can generate the equivalent amount of electricity as burning 50 million tons of 
coal annually, thus reducing greenhouse gas emissions by100 million tons of car-
bon dioxide, 1.2–2 million tons of sulfur dioxide, and 10,000 tons of carbon mon-
oxide as well as eliminating the release of large quantities of particulate matter 
(Xinhua News Agency 2007). However, many argue that hydroelectric power 
should not be considered a renewable energy source because of the irreversible 
environmental damages caused by these projects. The environmental debate con-
cerning the construction of large dam is not new in China and has been ongoing for 
decades since the first large Soviet-style dam, Sanmenxia Dam, was built in 1957 
on the main channel of the Yellow River. As Shapiro (2001) states about the Chinese 
hydraulic engineer, Huang Wanli, who fought against dams, “Many years of his 
own practical research conducted on the Yellow and other major rivers had shaped 
his conviction that damming the main streams of large waterways ran contrary to 
the laws of nature.”

The environmental impacts caused by large dams in China are no different than 
those that occur in other parts of the world (see Sect. 1.3). China also has some 
additional environmental concerns, such as an increased danger of landslides and 
earthquakes in areas of high seismicity, such as Western China. More than 130 large 
dams are being built in western China with 98.6 % of these located in moderate to 
very high seismic hazard zones (Probe International 2012). Here, we synthesize the 
key environmental impacts caused by large dams constructed along eight major 
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river basins in China, with particular focus on ecological impacts. In the following 
Sect. 3.2, we specifically discuss the effects of large dams on biological diversity 
and ecological integrity to support a case study presented in Sect. 3.3.

3.1.1  �The Yangtze River Basin

The Yangtze (also called Chang Jiang) is the longest river in China and all of Asia, 
and the third longest in the world. It originates in the glaciers on the Qinghai-Tibetan 
Plateau and flows 6,418 km south and then eastward across southwest, central, and 
eastern China before emptying into the East China Sea at Shanghai, one of China’s 
largest cities (Fig. 3.1). The basin is home to 400 million people, making it one of 
the most densely populated river basins anywhere on earth—with an average popu-
lation of 214 people per km2 (WRI et al. 2003). The Yangtze River Basin is already 
highly fragmented by a significant number of dams over 15 m high, including one of 
the world’s largest, the Three Gorges Dam. The additional 46 dams planned or under 
construction will put further pressure on an already stressed basin (WWF 2004).

Alteration of the flow regime is one of the biggest environmental issues associ-
ated with dam construction along the Yangtze River. Building of the Three Gorges 
Dam has been widely criticized since the most severe drought in Yangtze River 
Basin in the history was recorded in 2011 (Lu et al. 2011), although the debate of 
“to build or not to build” has lasted for decades (Dong 2005). Soon after the 
droughts, torrential rains triggered floods and landslides causing massive economic 
loss and environmental damage (Xinhua News Agency 2011). While it was believed 
that the Three Gorges Dam was built to control floods, generate clean energy, and 
improve irrigation capacity, the severe downstream flood and drought have put a 

Fig. 3.1  Map of the Yangtze River Basin
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question mark on its flood control objectives (Ran et  al. 2012). The Chinese 
Government conceded that there were some problems associated with the Three 
Gorges Dam project in their statement, “Although the Three Gorges Dam project 
provides huge comprehensive benefits, urgent problems must be resolved regarding 
the smooth relocation of residents, ecological protection and geological disaster 
prevention” (New York Times 2011).

Siltation in the reservoir is another problem associated with dams in the Yangtze 
River Basin. For example, an estimated 530 million tons of silt already has accumu-
lated in the reservoir of the Three Gorges Dam due to the reduced flow velocity 
behind the dam (Mount Holyoke College 2007). The rising silt levels could poten-
tially block the sluice gates that are essential for controlling water levels behind the 
dam, which could cause more flooding to occur upstream in the event of a heavy 
rainfall (Mount Holyoke College 2007). Also, reduced downstream sediment flows 
may negatively impact downstream floodplains, such as the Jianghan (Yangtze 
River and Hanjiang River) Plain and Dongting Lake Plain (Li et al. 2000), threaten-
ing these floodplain areas.

The reservoir acts as a trap for debris, pollutants, and toxins being carried by the 
river contaminating the water (Mount Holyoke College 2007). Approximately ten 
million tons of plastic bags, bottles, animal corpses, trees, and other detritus that 
would have otherwise flowed downstream and out to sea have accumulated behind 
the Three Gorges Dam. The reservoir itself flooded 1,600 abandoned factories, 
mines, dumps, and potential toxic waste sites. More than 265 billion gallons of raw 
sewage are dumped into the Yangtze River leading to frequent algal blooms and 
eutrophication throughout the basin (People’s Daily 2007). The untreated wastes, 
together with other nonpoint pollutants from agriculture and point pollutants from 
industries (Sichuan Daily, 2004), have already made the Yangtze River one of the 
most polluted rivers in the world (Fig. 3.2). In addition, the decomposition of veg-
etation and organic materials accumulated in the dam’s reservoir is source of green-
house gases. Although the methane emission rate in the Three Gorge reservoir is 
relatively low (0.26 ± 0.38 mg CH4 m2/h) compared with other hydropower reser-
voirs (Chen et al. 2011), the total amount released is high due to the large surface 
area of the reservoir.

Increased risk of landslides and earthquakes are current environmental concerns 
associated with the Three Gorges Dam. Since construction of the dam, a total of 
36 km of shoreline in 91 locations has collapsed with some landslides triggering 
50 m-high waves on its reservoir (Mount Holyoke College 2007). In Fengjie County, 
upstream of the Three Gorges Dam, there are more than 800 disaster-prone areas 
and the potential for geological catastrophe is threatening the lives of millions of 
residents (Mount Holyoke College 2007). Additionally, in the upper Yangtze River 
Basin, an area of high seismicity in Western China, reservoir-induced seismicity is 
likely to increase the frequency and perhaps magnitude of earthquakes (Probe 
International 2012). In the event of an earthquake or dam collapse, over 360 million 
people who live within the watershed of the Yangtze River will be in danger (Mount 
Holyoke College 2007). For example, the Zipingpu Dam built in a moderate seismic 
zone in the upper Yangtze River Basin is now thought to have triggered the 
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magnitude 7.9 Sichuan earthquake in 2008 that killed an estimated 80,000 people 
(Mount Holyoke College 2007).

The Yangtze River Basin has a biologically rich terrestrial and freshwater flora 
and fauna that originated from tropical, subtropical, and temperate zones (Wu et al. 
2004). Environmental alterations associated with large dams may result in a number 
of regional changes in terrestrial and aquatic biodiversity as well as ecosystem 
structure and functioning (Wu et al. 2004). With the completion of the Gezhouba 
Dam in 1981, 40 km downstream from the Three Gorges Dam site, there was a rapid 
and sharp decline in the populations of three of China’s most famous ancient and 
endangered fish species, the Chinese sturgeon (Acipenser sinensis), the river stur-
geon (Lipotes vexillifer), and Chinese paddlefish (Psephurus gladius) (Xie et  al. 
2003). Below the two high head dams, Xinanjiang Dam (Qiantang River) and 
Danjiangkou Dam (Han River), fish spawning has been delayed for 20–60 days due 
to lower water temperatures (Zhong and Power 1996). Changes in the flow regime 
resulted in the extinction of Macrura reevesii, a highly valued fish, in the Qiantang 
River. The Three Gorges Dam marked the upper limit in the distribution of the 
Yangtze River dolphin or Baiji dolphin (Lipotes vexillifer), which is the most threat-
ened cetacean in the world (IUCN 2002). The construction of the Three Gorges 
Dam and other large dams on tributaries in the middle reaches of the basin are exac-
erbating pressures on the remaining population of these dolphins (Revenga 2003). 
In 2006, scientists exploring the Yangtze River failed to find a single Baiji dolphin 
prompting fears that mankind may have killed off its first species of cetacean (The 
Guardian 2007).

Fig. 3.2  Fresh water quality in China: an overall grim situation of water quality in major rivers in 
2011 (Adopted from http://asianfootprint.blogspot.com/2012/11/fresh-water-environment-in-
china.html). Note: China uses a six-grade classification scheme for water quality. Grade I and II are 
the best. Water no worse than grade III can be used for drinking. Grade V can be used for irrigation. 
Water less than grade V cannot be used for irrigation
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Waterfowl also are impacted by large dam construction in the Yangtze River 
Basin. For example, the rich mudflats of Poyang Lake are the major wintering sites 
of the Siberian crane (Grus leucogeranus), with 95 % of the population overwinter-
ing there. However, habitat loss in the lake associated with the construction of the 
Three Gorges Dam now poses a major threat to this endangered bird species (WWF 
2004). In addition, dams can alter the riparian zone along a river leading to the 
destruction of riparian vegetation and degradation of waterfowl habitats. As a con-
sequence, riparian biodiversity can be lost. For example, 400–770 vascular upstream 
plant species will be flooded when the Three Gorges Dam reaches its planned maxi-
mum water level (Wu et  al. 2004). Two plant species, Myricaria laxiflora and 
Adiantum reniforme var. sinese likely became extinct due to inundation (Xie et al. 
2006); two other species, Securinega wuxiensis and Neyraudia wushanica, lost crit-
ical habitat (Huang 2001).

3.1.2  �The Yellow River Basin

The Yellow River (also called Huang He) originates in the Bayan Har Mountains in 
Qinghai Province in western China and is the second longest river in China and the 
sixth longest in the world (Fig. 3.3). It flows through nine provinces and empties 
into the Bohai Sea, with an estimated length of 5,464 km. The Yellow River is called 
“China’s Mother River” or “the Cradle of Chinese Civilization” as its basin was the 

Fig. 3.3  Map of the Yellow River Basin
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birthplace of ancient Chinese civilizations and the most prosperous region in early 
Chinese history. This river already is heavily dammed and an additional eight large 
dams are planned or under construction, which will put further pressures on the 
basin (WWF 2004).

Like the Yangtze River, alteration of the flow regime is one of the biggest envi-
ronmental issues associated with dam construction along the Yellow River. Ouyang 
and colleagues’ (2011) study of the Longliu section (from Longyangxia to Liujiaxia) 
of the upper reaches of the Yellow River showed that after the construction of eight 
cascade dams (Longyangxia, Nina, Lijiaxia, Zhiganglaka, Kongyang, Gongboxia, 
Suzhi, and Liujiaxi) between 1977 and 2006, peak streamflow shifted from June to 
May and October. Furthermore, the maximum monthly streamflow velocity differ-
ence between the inlet and outlet of the Longliu Section decreased from 430 to 
115 m3/s (Ouyang et al. 2011). Such dramatic changes in the natural flow regime of 
the river can have important consequences on water availability downstream. Water 
diversion for irrigation and other uses combined with dams and their operation have 
resulted in the lower reaches of the Yellow River drying up. The river has dried up 
30 times since 1972 with the longest period of no-flow lasting for 230 days in 1997 
(He et al. 2012). Timely releases of reservoir water have prevented the river from 
drying up since 2000.

Sedimentation is a serious problem in the Yellow River Basin. The river gets its 
name from the yellow silt it picks up in the Shaanxi Loess Plateau and it has a natu-
rally high sediment load. Because of these high sediment loads, the river is prone to 
flooding; silt is deposited on the riverbed causing the river levels to rise. Levees 
have been built along the lower 800 km of the river to contain the water, but the 
riverbed continues to rise and the river is now elevated above the surrounding land-
scape (Wang et al. 2007b). The levees along the “suspended river” have to be con-
tinuously raised and consolidated to constrain water flow within the channel (Ran 
et al. 2012), and any breach in a levee will result in massive flooding. The first major 
water control project on the Yellow River was the Sanmenxia Dam constructed in 
1957–1960 in the middle reaches of the Yellow River. As discussed earlier, the dam 
was poorly designed and did not account for the high sediment loads carried by the 
river, and the reservoir silted up 2 years after it began operation causing floods in 
upstream areas and threatening river navigation (Wang et al. 2005). To mitigate the 
negative impacts of sedimentation on reservoir storage capacity and downstream 
flow regimes, the dam has been reconstructed to provide high sediment releasing 
capacity, and dam operation has achieved a balance between sediment inflow and 
outflow (Wang et  al. 2005). Subsequently, the Xiaolangdi Dam, China’s second 
largest dam, was built downstream of the Sanmenxia Dam to control flooding by 
slowing the dangerous build-up of silt on the lower reaches of the river (Hays 2009).

Dams are having a negative impact on the water quality of the Yellow River 
Basin as pollutants accumulate behind dams instead of being flushed downstream 
(Hays 2009). The Yellow River travels through major industrial areas including 
thousands of petrochemical plants, large population centers, and China’s major coal 
producing area. Over 30 % of water samples taken from the Yellow River in various 
places registered worse than Level 5, meaning the water was unfit for drinking, 
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agriculture, or industrial use (Fig. 3.2). Four billion tons of wastewater, which is 
10  % of the river’s volume, flows annually into the Yellow River (Hays 2009), 
making it the most polluted river in the world.

Reduced water flow, severe pollution, dams blocking fish migration routes, and 
overfishing are threatening fish diversity in the Yellow River Basin. An unnamed 
agriculture ministry official in China said, “The Yellow River used to be host to 
more than 150 species of fish, but a third of them are now extinct, including some 
precious ones” (The Guardian 2007). According to a survey conducted by the 
People’s Daily, catches of fish have fallen 40 % from an annual average of 700 tones 
(The Guardian 2007). In addition, terrestrial plants and animals in the basin also can 
be impacted by land use/cover changes associated with the construction and opera-
tion of dams. Large dam projects in the Yellow River Basin threaten four critical 
habitats for endemic birds and one wetland of international significance according 
to the Ramsar Convention on Wetlands (WWF 2004). Construction of the cascade 
of dams in the Longliu Section (from Longyangxia to Liujiaxia) of the upper reaches 
resulted in the loss of large areas of grassland (Ouyang 2011).

3.1.3  �Lancang River Basin

The Lancang (Upper-Mekong) River situated in southeastern Eurasia with a length 
of 4,909 km originates as Guyong-Pudigao creek near the foot of Mt. Jifu on the 
Qinghai-Tibet Plateau and discharges into the South China Sea (Liu et al. 2007). 
It  is a famous transboundary river and is commonly divided into two parts: the 
Upper-Mekong River Basin, including portions in China (called Lancang River in 
Chinese) and Myanmar; and the Lower-Mekong Basin, including portions in Laos, 
Thailand, Cambodia, and Vietnam (MRC 2010). This river remains mostly 
undammed on the mainstream, except for eight cascading hydropower dams con-
structed along the Upper-Mekong River in China (Nilsson et al. 2005; Grumbine 
and Xu 2011) (Fig.  3.4). Another 11 dams have been proposed on the Lower-
Mekong River in Laos as of September of 2010 (Grumbine and Xu 2011).

Alteration of the flow regime has been widely documented as a major environ-
mental impact of large dams in the Upper-Mekong River Basin. Recent research 
shows that the overall degree of hydrologic alteration associated with dam construc-
tion and precipitation variation is 25.2, 25.3, and 29.1  %, respectively, for the 
upstream, midstream, and downstream areas of the Manwan Dam (located in mid-
dle reaches of Lancang River) (Zhao et al. 2012a). He et al. (He et al. 2007) found 
that the Manwan and Dachaoshan dams can influence the downstream flow regime 
of the Mekong River, but their impacts are insignificant in scale compared to 
changes in natural daily flow stages and is limited geographically to the narrow 
channel north of Vientiane. He et  al. (2007) further stressed that the water flow 
below the Yunjinghong hydrologic station (located in lower reaches of the Lancang 
River) is only 15.4 % of total flow in the Mekong River, and the primary factor 
changing the flow volume in the Lower-Mekong River is climate variability rather 
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than upstream dam construction and operation. Li et  al. (2006) reported that the 
normal operation of the cascading dams of Manwan, Dachaoshan, and Jinghong in 
the upstream reaches of the Lancang River has minor interim effects on downstream 
monthly and annual water levels, but may have major impacts on short-term daily 
water levels.

Sedimentation of the dams in the Lancang River Basin has also been well stud-
ied. Fu et al. (2008) found that over the 11 years since the Manwan Dam started to 
store water in 1993 when the Dachaoshan Dam began to store water in 2003, the 
annual mean sediment storage in the Manwan Reservoir was about 26.9–
28.5 × 106 tons, equivalent to a loss of 21.5–22.8 % of the reservoir’s total storage 
capacity. Liu et al. (2012) reported a remarkable reduction in annual sediment load 
at the Gajiu hydrological station (located downstream of the Manwan Dam) after 
the Manwan hydropower station was put into operation in 1995, declining to over 

Fig. 3.4  Map of the Lancang (Upper-Mekong) River
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60 % of the mean pre-dam value. Both Fu et al. (2008) and Liu et al. (2012) found 
there were poor correlations between upstream and downstream sedimentation at 
the dammed sections of the river, indicating that a large dam in the upper reaches of 
a river may have little effect downstream sedimentation.

Water pollution associated with the large dams in the Lancang River Basin has 
not been well studied. However, recent research has shown that there is the potential 
risk of heavy metal contamination in the sediments of the reservoir of the Manwan 
Dam due to the accumulation of As, Cd, Cr, Cu, Pb, and Zn in sediments that were 
measured at levels above the threshold established by both the United States and 
Canada. Moreover, the concentration of Hg in the Manwan Reservoir exceeded rec-
ommended levels of water quality standards in China, indicating that the dam may 
be impacting the water quality through the accumulation of heavy metals in the 
reservoir’s water (Zhao et al. 2012c).

Habitat degradation and biodiversity loss in both aquatic and terrestrial ecosys-
tems are another major environmental cost of constructing dams in the basin. This 
region is characterized as a biodiversity hotspot and a fragile ecoregion (Zhao et al. 
2012c). Altered flow regimes, sedimentation, and pollution will degrade the feeding 
and breeding habitats of fish along the Mekong River (Kummu and Sarkkula 2008; 
Kang et al. 2009). Moreover, the dams are physical barriers for fish migrations. As 
many as 40–70 % of the fish species in the Mekong River migrate long distances 
along the mainstream and into its tributaries (Barlow et  al. 2008; Baran and 
Myschowoda 2009; Kang et al. 2009). Although the impacts of dams on the upper 
reaches (Lancang River) of the river basin and on individual tributaries will be 
restricted to the fish populations that use these reaches, these populations contribute 
substantially to fish production along large stretches of the river (Poulsen et  al. 
2002). Dugan and colleague’s (2010) review showed that current moves towards 
dam construction on the Mekong River will not stop; therefore, innovative technol-
ogy and conservation strategies are needed to reduce the loss of fish diversity and 
ecosystem services provided by the river. For example, two tributaries of the upper 
reaches of the Lancang River, the Buyuan and Nanla rivers, are important feeding 
and spawning habitats for upstream migrant fish species and should be protected 
(Kang et al. 2009).

Dam construction and operation has led to land use/cover changes, alterations in 
water levels, thermal stratification, and water quality deterioration, all of which may 
influence the structure and function of riparian vegetation (Li et  al. 2012a). The 
series of hydropower dams can induce habitat fragmentation, reduce the distribution 
ranges of primary vegetation, reduce the complexity of the vegetation types along 
the river, and potentially lead to the loss of primary vegetation in the whole water-
shed (Li et  al. 2012c). Two endangered shrub species, Homonoia riparia and 
Phoenix roebelenii, are currently threatened by the dam impoundment (Li et  al. 
2012a), and one aggressive exotic species with extremely strong invasion capabili-
ties, Eupatorium adenophorum, has spread rapidly along the riparian corridor below 
the Manwan Dam when the water level drops in association with the operation of 
the dam (Li et al. 2012d).
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3.1.4  �Pearl River Basin

The Pearl River (also called Zhu Jiang) is China’s third longest river (2,400 km, 
after the Yangtze River and the Yellow River), and second largest by volume (after 
the Yangtze). It is the largest river in southern China, flowing to the South China Sea 
between Hong Kong and Macao (Fig. 3.5). The river basin drains the majority of 
south central China, as well as parts of southwestern China and northeastern 
Vietnam (The Ministry of Water Resources 2013). There are a large number of 
existing dams and another ten are under construction (WWF 2004).

Similar to other large dam projects in the major river basins of China, the dams 
in the Pearl River Basin have similar environmental impacts of flow regime altera-
tion, sedimentation, pollution, ecosystem degradation, and loss of biodiversity. 
Since the 1960s, increased dam building and water extraction through diking have 
changed land use and land cover affecting the surface runoff pattern in the basin 
with a gradual rise in the water table, especially in the estuary areas (Weng 2007). 
In addition, unregulated sediment mining associated with dam building and dike 
linking has changed the longitudinal profiles of the river channels affecting flood 
discharge and causing the penetration of saline water (Qian 2005; Wang et al. 2005). 
The third largest dam in China, the Longtan Dam, was completed in 2009 on the 
Hongshui River, a tributary of the Pearl River. Siltation is a concern and local offi-
cials stated “deforestation in the area has caused severe erosion and power stations 
downstream are already facing serious problems because of silting” (BBC 2001).

Fig. 3.5  Map of the Pearl River Basin
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Although the impacts of dams on the water quality of the Pearl River Basin are 
poorly known, the river suffers from serious water pollution. According to the 
National Marine Environmental Monitoring Centre, the Pearl River dumps 
8,655 tons of heavy metals, 65,637 tons of nitrates and ammonia, and 59,853 tons 
of petrol into the sea each year (AsiaNews 2005). As reported by China Daily 
(2011), China’s Fishery Eco-environment Report tallied 165 pollution incidents in 
the Pearl River in 2009, leading to economic losses totaling 56 million yuan (US$8.6 
million). Undoubtedly, as seen elsewhere, pollutants can accumulate in the sedi-
ments and water behind large dams. As a consequence, the Pearl River is becoming 
one of the most polluted waterways in China.

The basin has a rich amphibian diversity with 127 recorded species, and a large 
bird population with four endemic bird areas that host migratory species which tra-
verse the East Asian Australasian flyway (WRI et al. 2003). There is concern that 
these populations might be negatively impacted by the dams. In addition, two 
endemic fish species, the Chinese gizzard shad (Clupanodon thrissa) and Reeve’s 
shad (Tenualosa reevesii), have disappeared altogether from the regulated parts of 
the river, and the populations of major carp species (such as Cirrhinus molitorella) 
no longer sustain a viable fisheries industry. A China Daily (2011) interview reported 
that, “Anadromous fish, which live in the sea but swim upriver to reproduce, have 
been forced to spawn before arriving at the best sites … because traditional grounds 
are blocked by hydro projects; as a result, their young have slimmer chances of sur-
viving, largely because their migration routes back to the ocean are not long enough 
to allow them to mature.” It was also noted that “there have been no recorded catches 
of Chinese sturgeon in recent years, although about 400,000 kg of the sturgeon were 
produced each year in the 1930s in the Xi Jiang alone” (China Daily 2011).

3.1.5  �Huai River Basin

The Huai River originates in the Tongbai Mountains in Henan Province and is 
located about midway between the Yellow and Yangtze Rivers. It flows through 
southern Henan, northern Anhui, and northern Jiangsu, entering the Yangtze River 
at Jiangdu, Yangzhou (Fig. 3.6). The river has a length of 1,078 km and a drainage 
area of 174,000 km2 (The Ministry of Water Resources 2013). As the river does not 
flow all the way to the sea, it is notoriously vulnerable to flooding. Therefore, many 
dams, including 16 large dams, have been built on the river primarily for flood con-
trol, but also for irrigation and power generation (Jiang et al. 2009).

Similar to other large dams in major rivers worldwide (Liu and Xia 2004; Stone 
and Jia 2006; Wang et al. 2006), the large dams in the Huai River Basin have greatly 
changed the flow regime, water–sediment properties, and habitats of organisms liv-
ing in or along the river, which has affected the natural ecosystem and environment 
(Jiang et al. 2009). The most serious environmental problem in the Huai River Basin 
is water pollution causing massive social, ecological, and economic losses. As 
reported by the People’s Daily (2006), “almost all the tributaries of the Huaihe 
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River don’t have any fish or anything alive and 70 % of the water quality is under 
class V, very poisonous and can not be used for any purpose.” Although many schol-
ars assume these environmental disasters to be highly related to the large dam con-
struction and operation, a simulation modeling conducted by Jiang and colleagues 
(2009) showed that the increasing discharge at Hengpaitou Dam brings about sig-
nificant improvement in the water quality of the Pihe River (a tributary of the Huai 
River) downstream from Lu’an City. Thus, good design and operation of large dams 
have to some extent mitigated water pollution in the Huai River Basin.

3.1.6  �Hai River Basin

The Hai River flows through Beijing and Tianjin in northern China before emptying 
into the Yellow Sea at the Bohai Gulf. This river has nine large tributaries including 
the Zhangwei, Ziya, Daqing, Yongding, Chaobai, Beiyun, Jiyun, Tuhai, and Majia 
Rivers. The total length of the river, originating from the source of the longest tribu-
tary, is 1,329 km and the length of the mainstream of the Hai River in Tianjin is 
about 70 km (Fig. 3.7). Its annual flow is only half that of the Yellow River, or 1/30 

Fig. 3.6  Map of the Huai River Basin
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that of the Yangtze River (The Ministry of Water Resources 2013). The Hai River 
Basin has an area of approximately 319,000 km2. The major tributaries of the Hai 
River can be divided into three reaches: the mountainous, transitional, and plains. 
Among them, the Yongding River is the most sediment-laden tributary, and Beijing 
(the capital of China) is located on this tributary. Sedimentation in the Yongding 
River channel in the past turned it into a perched river, making flood control for 
downstream cities such as Beijing very difficult. In1954, Guanting Dam was built in 
the upper reaches of the Yongding River for flood control and water supply. Since 
then, a great number of large dams have been built in the tributaries to control floods 
following the principle to build dams “to impound flood water in the reservoirs in 
the mountainous regions, to harness river channels in the middle reaches, and to 
discharge floods rapidly in the lower reaches” (IRTCES 2004).

Fig. 3.7  Map of Hai River Basin
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However, construction of large dams in the Hai River Basin has caused serious 
sedimentation in the downstream river channels and estuaries. Due to water storage 
in the upstream reservoirs, the low water flow does not move sediments through the 
downstream river channels and estuaries, leading to heavy sedimentation which 
causes them to dry up (IRTCES 2004). Moreover, large dams have changed the flow 
regimes downstream, resulting in flooding or drought problems. For example, in 
August of 1963, a large flood in the Hai River Basin inundated 107 counties belong-
ing to seven prefectures, destroyed the Beijing–Guangzhou Railway, Beijing–
Dezhou Railway, and Shijiazhuang–Taiyuan Railway, damaged six medium-sized 
dams, collapsed 330 small dams, and destroyed 62 % of the irrigation systems and 
90 % of the drainage systems in the basin (IRTCES 2004). Moreover, the accumula-
tion and magnification of pollutants by the dam have reduced the water quality, 
threatening the quality of water sources stored in large reservoirs such as Miyun 
Reservoir (Wang et al. 2001, 2002; Wang and Cao 2006; Xie et al. 2003), which is 
the primary source for drinking water for about 3,000,000 residents in Beijing City.

3.1.7  �Liao River Basin

The Liao River, flowing through Hebei, Jilin, and Liaoning Provinces and the Inner 
Mongolia Autonomous Region with a length of 1,345 km, is an important river in 
Northeast China (IRTCES 2004). The river has two main branches. The western 
branch (Xi Liao He) is formed by the confluence of the Shara Muren River flowing 
from Inner Mongolia Autonomous Region in the west and the Laoha River flowing 
from Hebei Province in the south. The eastern branch (Dong Liao He) rises from the 
low mountains in Jilin Province in the east (Fig. 3.8). The confluence of these two 
branches flows across a vast plain in central Liaoning Province to the Bohai Gulf 
(The Ministry of Water Resources 2013). Like the Yellow River, the Liao River has 
an exceedingly high sediment load because the river flows through many parts of 
the loess plains. Similarly, high sedimentation in the river makes flood control in 
downstream areas very difficult. Therefore, most dams were built to control flood-
ing with the first dam completed in 1942 and the last one in the 1980s. At present, 
there are 688 dams of various sizes with a total reservoir storage capacity of 13.8 
billion m3, but the 17 are large reservoirs hold most of the water (13.2 billion m3) 
(IRTCES 2004)

Dams in the Liao River Basin work better in flood control in contrast to those in 
the Hai River Basin. Runoff and flood peaks have been reduced by one half and the 
sediment load reduced by 16 % (IRTCES 2004). However, large dams have changed 
the flow regime and sediment loads of the river below the reservoirs (IRTCES 
2004), which may impact downstream ecosystems. Moreover, the dams may block 
and accumulate pollutants in the reservoirs negatively affecting water quality. 
A GIS-based analysis showed that over 60 % of the pollution loading by nonpoint 
sources is concentrated in the mainstream of the Liao River (Wen et al. 2011) and 
the densely dammed areas in the Liao river Basin. Although it is not clear how much 
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the poor water quality is related to the large dams, serious water pollution has turned 
the Liao River, “Mother River” of Liaoning Province into a “sewage ditch.” 
(Xinhuanet News Domestic 2009).

3.1.8  �Songhua River Basin

The Songhua River, flowing about 1,434 km from the Changbai Mountains through 
Jilin and Heilongjiang Provinces, is the largest tributary of the Amur River (Heilong 
Jiang in Chinese) (Fig. 3.9). It joins the Amur River at the town of Dongjiang. It is 
another important river in Northeast China, with a basin area of about 1,443,100 km2. 
The largest tributary of this river, Second Songhua River, has three dams, the 
Baishan, Hongshi, and Fengman Dams, which are used for the production of hydro-
electricity (The Ministry of Water Resources 2013).

The impacts of large dams on the flow regime, water quality, and river ecosys-
tems in the basin are poorly recorded. However, one study found that nonpoint 
source pollutants, such as nitrogen and suspended solids from agriculture and urban 
runoff, have increased from 1990s to 2000s, as compared to heavy metals and toxic 

Fig. 3.8  Map of the Liao River Basin
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organic chemicals (Yu et al. 2003). This dynamic may be partially related to the 
effects of dams on the downstream flow regime, sedimentation, and storage capacity 
of the reservoir. Most importantly, the contamination of benzene in the river in 
November, 2005 led to a shutdown of Harbin’s water supply and threats of a Russian 
lawsuit against China (People’s com 2005).

3.2  �Effects of Large Dams on Biological Diversity  
and Ecological Integrity

As we have discussed, it is well documented that dams can cause diverse environ-
mental problems such as changes in the flow regime of a river, increased sedimenta-
tion in the reservoir, reduced water quality, habitat degradation, and losses in 
biodiversity. However, few studies have examined the impacts of the large dams on 
biological diversity at watershed scale and ecological integrity at the ecosystem level. 
In fact, biological diversity and ecological integrity are the most important indicators 
to reflect the environmental impacts at ecosystem or watershed levels (Li et al. 2012a, 
c). Below, we present frameworks for assessing the impacts of dams on the biological 

Fig. 3.9  Map of the Songhua River Basin
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diversity at watershed scale and impacts on ecological integrity of rivers at ecosystem 
scale. In Sect. 3.3, we present case studies that assess the impacts of dams on the 
biological integrity and ecological integrity of the Upper-Mekong River.

3.2.1  �Assessing Biological Diversity at Watershed Scale

Loss of biodiversity associated with dam construction and operation is a growing 
environmental concern. Although a lot of research has focused on mitigating the 
negative impacts of large dams on biodiversity, these studies have focused mostly 
on endangered, endemic, or economically valuable fish species and rarely on other 
aquatic and terrestrial species. In most cases, these studies have investigated the 
impacts of dams on biodiversity at the species level and have overlooked the impacts 
on biodiversity at ecosystem and watershed/landscape levels. Indeed, assessment of 
large-scale biodiversity losses associated with dam construction and operation is 
very important if upstream–downstream relationships and biological interactions 
are considered.

In Article 2 of the Convention on Biological Diversity, biological diversity is 
defined as “variability among living organisms from all sources including inter alia, 
terrestrial, marine and other aquatic ecosystems and the ecological complexes of 
which they are part; this includes diversity within species, between species and of 
ecosystems.” Hence, biodiversity is not only the sum of all ecosystems, species, and 
genetic material, but also includes the variability within and among them. Biological 
diversity is often understood at three levels: genetic, species, and ecosystem diver-
sity. All three levels of diversity are necessary for the continued survival of all life 
including humans (Primack 2012).

Previous studies (Whittaker 1972; Colwell 2009; Wilson 1988) have developed 
various indices to assess biological diversity. Although these indices are appropriate 
in disturbed or natural environments, few indicators have been created for assessing 
the impacts of large dams on the biological diversity at a landscape or region level. 
Recently, we developed the Vegetation Impact Index (VII) for assessing the impacts 
of large dams on plants at the community level (Li et al. 2012a). The VII was devel-
oped as a quantitative index to predict the degree to which vegetation types would 
be affected by rising water levels and inundation calculated as follows:
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where Ra is the riparian vegetation distribution range (the boundary at which the 
vegetation cannot be affected by the backwater) after dam construction, Rr is the 
riparian vegetation distribution range before dam construction; Rb is the upland veg-
etation distribution range (altitude) above normal water level in the reservoir region, 
and Ru is the upland vegetation distribution range (altitude) in the area far from dam. 
The values of VII are divided into five classes: (1) <0.20 is grade 5, representing 
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severe impact; (2) 0.20 < 0.40 is grade 4, representing heavy impact; (3) 0.40 < 0.60 
is grade 3, representing moderate impact; (4) 0.60 < 0.80 is grade 2, representing 
light impact; and (5) > 0.80 is grade 1, representing little or no impact.

We also developed an indicator of ecological risk (ER) of plant species using 
changes in the summed dominance ratio (SDR) to evaluate impacts of large dams at 
the species level (Li et al. 2012a). The SDR is calculated based on the relative cover-
age (C) and relative frequency (F) of a species as follows:
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where the variables C′ and F′ are a species cover ratio and species frequency ratio. 
Ci and C describe species i cover and maximum species cover in the plant commu-
nity, and Fi and FI are species i frequency and maximum species frequency in the 
plant community, respectively. The ER of the species is categorized into four levels 
for both dominant and nondominant species based on changes in the SDR of that 
species (Table 3.1).

3.2.2  �Assessing Biological Integrity at Ecosystem Scale

The concept of biological integrity originated in the US Federal Clean Water Act of 
1972, which addressed concerns about the integrity of the nation’s waters. Integrity 
refers to an unimpaired condition, and biological integrity is defined as how “pris-
tine” an environment is by examining the biological composition, structure, and 
function relative to the potential or original state of an ecosystem before human 
disturbances were introduced (Angermeier and Karr 1994; Karr 1991).

The widely accepted definition of biological integrity is adapted from Frey 
(1977): “the capability of supporting and maintaining a balanced, integrated, adap-
tive community of organisms having a species composition, diversity, and func-
tional organization comparable to that of the natural habitat of the region.” The 
implications of this definition are that living systems have a variety of scales relative 
to which they exist, that one can quantify the parts that sustain or contribute to a 

Table 3.1  Ecological risk categories for species derived from the changes of the 
summed dominance ratio (SDR)

Changes of species  
dominance (%)

Level of ecological risk at species level

Dominant species Nondominant species

100 IV III
>64 IV II
34–64 II I
<34 I 0

Note: 0:, no ecological risk/extremely low ecological risk; I, low ecological risk; II, 
medium ecological risk; III, high ecological risk; IV, Extremely high ecological risk
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system’s functioning, and that all systems must be seen within the context of their 
environments and evolutionary histories.

Karr (1981, 1986) created the index of biological integrity (IBI) as a means for 
resource managers to quantify the biological integrity of aquatic systems. After that, 
many different indices have been developed for various organisms and ecosystems, 
but none have been developed specifically to assess the impacts of dams on the 
biological integrity of rivers. As such, we developed a modified fish-IBI (F-IBI) for 
evaluating the health of the aquatic ecosystem disturbed by large dams in the middle 
reaches of the Upper-Mekong River. We used ten metrics that can be grouped into 
four categories: species composition and richness, trophic guilds, fish habitat, and 
tolerance to disturbance. Species composition and richness included four vectors: 
the number of species, number of native fish, proportion of native fish, and propor-
tion of endemic fish. The trophic guilds of fish assemblages were classified into four 
vectors: omnivorous, invertivorous, herbivorous, and planktivorous. Fish habitat 
was classified as the proportion of the total habitat that is a lotic system; this was 
selected as the key vector because most fish in this section of the Upper-Mekong 
River live in rapid flowing waters. For tolerance, the proportion of tolerant fish was 
used as the key vector as tolerant species are more adaptable to varying environmen-
tal condition, e.g., insensitive to changes of flow regimes and water quality associ-
ated with dam inundation and operation (Li et al. 2013).

Changes in the F-IBI at both temporal and spatial scales reflect ecological varia-
tion from pristine to degraded aquatic ecosystems induced by dam impoundment 
and flow regulation (Li et al. 2013). The index value of each sampled site can be 
normalized on a scale of 0–100 based on the ten selected metrics (SM1–SM10).

When the response to environmental conditions (RE in Table 3.2) is positive, the 
SM can be normalized as follows:
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−
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Table 3.2  Selected metrics for the modified fish index of biological integrity (F-IBI) in the middle 
reaches of the Upper-Mekong River

Categories Selected metrics Abbreviation RE

Species composition  
and richness

Number of species SM1 +
Number of native species SM2 +
Proportion of native species SM3 +
Proportion of endemic species SM4 +

Trophic guilds Proportion omnivorous SM5 −
Proportion invertivorous SM6 +
Proportion herbivorous SM7 +
Proportion planktivorous SM8 −

Habitat Proportion of lotic habitat (includes  
water column and benthic habitat)

SM9 +

Tolerance Proportion of tolerance individuals SM10 -

Note: RE means response to environmental condition; “+” means positive correlation to pristine 
environmental conditions; “−” means negative correlation)
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When the response to environmental conditions (RE in Table 3.2) is negative, the 
SM can be normalized as follows:

	
SM = −

−
−

×100 100
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The score of the modified F-IBI for each site is then calculated as the average of 
the 10 SM values:
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where V is the value of a sampled site, Vmin is the minimum value of all sampled 
sites, Vmax is the maximum value of all sampled sites, SMi is the score of the sampled 
metric, i. The final modified F-IBI scores range from 0 to 100, which reflects differ-
ent levels of aquatic ecosystem health (Table 3.3).

Similarly, we currently are developing a modified phytoplankton IBI for evaluat-
ing the health of the phytoplankton communities impacted by the large dams in 
middle reaches of the Upper-Mekong (Li et al. 2012b).

3.3  �Case Study: Environmental Impacts of Dams  
on the Upper-Mekong River

3.3.1  �Impacts on Biological Diversity

3.3.1.1  �Vegetation Impacts

We conducted field surveys to study the impacts of the large dams on vegetation 
distribution patterns in riparian and upland areas along the middle-lower reaches of 
the Upper-Mekong River during the dry seasons from 2004 to 2010. In total, 24 
transects perpendicular to the river channel were set up to sample the riparian and 

Table 3.3  Categories of aquatic ecosystem health derived from modified F-IBI scores

F-IBI score Level Assessment Character

81 ≤ 100 I Excellent Relative pristine condition, diverse native fish species
61 ≤ 80 II Good Decreased native fish species, low disturbance from human 

activities
41 ≤ 60 III Fair Dramatically decrease in native species, moderate  

disturbance from human activities
21 ≤ 40 IV Poor Few native fish species, fish habitats highly impacted by 

impoundment and flow regulation
1 ≤ 20 V Bad Dominance by exotic fish species, no native fish species.
0 VI No fish No fish caught in the waterways.

3  Environmental Impacts of Dams in China…



63

upland vegetation on the upstream impoundment banks and downstream river banks 
of eight cascading dams, the Gongguoqiao, Xiaowan, Manwan, Dachaoshan, 
Nuozhadu, Jinghong, Ganlanba, and Mengsong dams (Fig. 3.10). Along each tran-
sect, 5–6 × 10 m2 quadrats were arrayed along the elevational gradient and a total of 
126 quadrats were used to sample the vegetation in the study area. Using the reser-
voir water level as a reference, the number of quadrats that were inundated or will 
be inundated was recorded on each sampling transect, and the percentage of inunda-
tion calculated. The vegetation impact index (VII) at different sampling sites was 
calculated using the methods introduced in Sect. 3.2.

The vegetation was classified into 21 community types (Table 3.4). The upland 
vegetation was dominated by trees and shrubs whereas the riparian areas supported 

Fig. 3.10  Map of cascading dams along the middle-lower reaches of the Upper-Mekong River and 
location of transects used to sample vegetation
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Table 3.4  Vegetation types along the middle-lower reaches of the Upper-Mekong River Basin 
measured before dam construction

Vegetation 
types Dominant plant species

Coverage Quadrats

Mean ± SD Habitat T I Per. I. (%)

TC I Dendrocalamus strictus 90.0 ± 0.0 Upland     4 1 25.00
II Ficus semicordata 55.0 ± 7.1 Upland, 

Riparian
    2 0 0.00

III Ficus semicordata,  
Phyllanthus emblica

75.0 ± 21.8 Upland, 
Riparian

    9 3 33.33

IV Dalbergia obtusifolia,  
Wendlandia scabra

76.6 ± 16.3 Upland   19 5 26.32

V Pinus khasya var.  
langbianensis,  
Dalbergia obtusifolia

81.0 ± 16.7 Upland   15 0 0.00

VI Engelhardtia  
colebrookiana, 
Phyllanthus emblica

71.1 ± 24.0 Upland   14 5 35.71

VII Pinus yunnanensis,  
Castanopsis delavayi

70.0 ± 12.6 Upland     7 0 0.00

VIII Pinus yunnanensis,  
Schima wallichii

83.3 ± 11.6 Upland     3 0 0.00

IX Pinus yunnanensis,  
Woodfordia fruticosa

71.3 ± 15.5 Upland     4 0 0.00

X Pinus yunnanensis,  
Phyllanthus emblica

67.8 ± 27.6 Upland   13 1 7.69

SC XI Bauhinia acuminata  
var. candida

80.0 ± 17.3 Upland     3 3 100.0

XII Homonoia riparia 68.8 ± 16.5 Riparian     4 2 50.00
XIII Woodfordia fruticosa,  

Homonoia riparia
50.0 ± 0.0 Riparian     1 1 100.0

XIV Picrasma quassioides  
var. quassiodes, 
Broussonetia  
papyrifera

91.3 ± 2.5 Upland     4 1 25.00

XV Dendrocalamus  
strictus, Broussonetia 
papyrifera

73.3 ± 28.9 Upland     3 2 66.67

XVI Buddleja asiatica 55.0 ± 12.9 Upland     4 3 75.00
XVII Rapanea neriifolia,  

Ficus tikoua
65.0 ± 16.6 Riparian     5 2 40.00

GC XVIII Vernonia patula,  
Digitaria sanguinalis

67.5 ± 35.2 Riparian     4 2 50.00

XIX Equisetum diffusum 25.0 ± 0.0 Riparian     1 1 100.0
XX Buddleja sp., Eupatorium  

odoratum
66.7 ± 20.8 Riparian     3 2 66.67

XXI Phragmites sp. 48.8 ± 11.8 Riparian     4 1 25.00

126 35 27.78

TC tree community, SC shrub community, GC grass community, T total number of quadrats sam-
pled for each vegetation, I the number of quadrats that will be inundated, Per.I. percentage of 

inundated quadrats
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grasses and shrubs. Eight of the ten tree communities identified in our analysis were 
distributed in upland areas whereas two were found on upland and riparian areas. 
Of the shrub communities, three of the seven were distributed in riparian areas and 
the other four in upland sites. All of the grass communities were distributed in ripar-
ian areas (Table 3.4). The vegetation has the potential to be greatly impacted by the 
rising water levels following dam operation. When the water levels increase with 
dam operation, 36 out of 126 quadrats were/will be inundated by the reservoirs 
(Table 3.4). The grass and shrub layers were/will be more seriously affected than the 
tree layer (Li et al. 2012c).

The calculated vegetation impact index (VII) of each community type associated 
with dam construction shows that Gongguoqiao Dam severely impacted vegetation 
type VII, Pinus yunnanensis, Castanopsis delavayi and type XVIII, Vernonia pat-
ula, Digitaria sanguinalis (Table 3.5). The Xiaowan Dam severely affected vegeta-
tion type III, Ficus semicordata, Phyllanthus emblica, type VI, Engelhardtia 
colebrookiana, Phyllanthus emblica, and type XVIII, Vernonia patula, Digitaria 
sanguinalis and moderately impacted vegetation type XVI, Buddleja asiatica, and 

Table 3.5  Vegetation impact index (VII) associated with dam construction

Reservoir areas Vegetation type VII Grade Vegetation type VII Grade

GGQ VII 0.0723 5 XVIII 0.0000 5
XW XVI 0.5503 3 XVIII 0.0079 5

IV 0.5059 3 VII 1.0000 1
III 0.0972 5 VIII 1.0000 1
VI 0.0769 5 X 0.5543 3

MW IV 0.8358 1 VIII 1.0000 1
VI 0.7295 2 X 1.0000 1
V 0.6489 2 IX 1.0000 1

DCS IV 0.8770 1 VI 0.8117 1
III 0.8145 1 V 0.7680 2

NZD III 0.6847 2 II 0.2553 4
XV 0.0000 5 VI 0.7385 2
XXI 0.0141 5

JH II 1.0000 1 XX 0.0000 5
I 0.3057 4 XII 0.0000 5
XIV 0.5000 3 XIII 0.0000 5
XV 0.8072 1 III 0.9552 1
XIX 0.0000 5 IV 1.0000 1
XXI 0.0000 5 V 1.0000 1

GLB XI 0.0000 5
XIV 1.0000 1 XXI 0.1538 5
XII 0.1538 5 V 1.0000 1
XVIII 0.1538 5 XX 1.0000 1
XXI 0.0833 5 I 1.0000 1

MS XII 0.0833 5

GGQ GongGuoqiao Dam, XW Xiaowan Dam, MW Manwan Dam, DCS Dachaoshan Dam, NZD 
Nuozhadu Dam, JH Jinghong Dam, GLB Ganlanba Dam, MS Mengsong Dam
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type IV, Dalbergia obtusifolia, Wendlandia scabra. The Manwan Dam only lightly 
impacted vegetation type V, Pinus khasya var. langbianensis, Dalbergia obtusifolia 
and type VI, Engelhardtia colebrookiana, Phyllanthus emblica. The Dachaoshan 
Dam lightly affected vegetation type V, Pinus khasya var. langbianensis, Dalbergia 
obtusifolia. The Nuozhadu Dam severely impacted vegetation type XV, 
Dendrocalamus strictus, Broussonetia papyrifera, and type XXI, Phragmites sp., 
heavily impacted vegetation type II, Ficus semicordata, and lightly impacted vege-
tation type III, Ficus semicordata, Phyllanthus emblica, and type VI, Engelhardtia 
colebrookiana, Phyllanthus emblica. The Jinghong Dam severely affected vegeta-
tion type XIX, Equisetum diffusum, type XXI, Phragmites sp., type XI, Bauhinia 
acuminata var. candida, type XX, Buddleja sp., Eupatorium odoratum, type XII, 
Homonoia riparia, and type XIII, Woodfordia fruticosa, Homonoia riparia, heavily 
affected vegetation type I, Dendrocalamus strictus, and moderately affected vegeta-
tion type XIV, Picrasma quassioides var. quassiodes, Broussonetia papyrifera. 
Ganlanba Dam severely affected vegetation type XII, Homonoia riparia, type 
XVIII, Vernonia patula, Digitaria sanguinalis, and type XXI, Phragmites spp. The 
Mensong Dam severely affected vegetation type XXI, Phragmites sp. and type XII, 
Homonoia riparia (Li et al. 2012c).

3.3.1.2  �Ecological Risk of Plant Species

We conducted surveys of key species in the Manwan and Xiaowan reservoir areas 
in 1997, before construction of the Xiaowan Dam, and in 2011, after the Xiaowan 
Dam was constructed to quantify species dominance and their ecological risk 
imposed by the dams. Three plots were established along a 10 km section from the 
Xiaowan to Manwan dam: 15 × 10-m2 quadrats, five per plot, were used to sample 
trees; the dominant shrub species were sampled in three 5-m2 sub-quadrats in quad-
rat; and dominant herbs species were recorded three 1-m2 sub-quadrats placed in 
each quadrat. The number and total cover of the dominant species in each sub-
quadrat were recorded (Fig. 3.11).

The results indicated that at sampling site No. 1 that, before the construction of 
Xiaowan Dam in 1997, Phyllanthus emblica and Woodfordia fruticosa were the 
dominant tree and shrub species but were replaced by Engelhardtia colebrookeana 
after dam construction in 2010. The disappearance of the herb Heteropogon contor-
tus and appearance of Capillipedium assimile and Ageratina adenophora were the 
major changes in the herbaceous vegetation at this site. At sampling site No. 2, the 
dominant tree species were Castanopsis delavayi and Castanopsis fleuryi before 
dam construction, but Pinus yunnanensis became the dominant species post dam 
construction and Castanopsis fleuryi vanished. In the shrub and herb layers, 
Glochidion daltoni and Pogonatherum paniceum became the dominant species after 
construction of the Xiaowan Dam. At sampling site No. 3, the dominant species were 
crops, such as Bauhinia acuminata, Dalbergia obtusifolia, and Oplismenus com-
positus, before the dam, and the invasive plants, Ageratina adenophora and 
Chromola enaodoratum, became dominant when farmland was abandoned (Table 3.6). 
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Fig. 3.11  Map of sampling sites for assessment of ecological risk of vegetation along the Xiaowan 
and Manwan reservoirs in the middle reaches of the Lancang River

Table 3.6  Changes in key species of riparian vegetation at three sampling sites before (1997) and 
after (2010) construction of the Xiaowan Dam

Sample site Vegetation layer Plant species

SDR (mean ± SE)

1997 2010

1 Tree Phyllanthus emblica 100 ± 1 79 ± 4
Engelhardtia colebrookeana 13 ± 10 100 ± 1

Shrub Woodfordia fruticosa 100 ± 1 52 ± 24
Herbs Heteropogon contortus 100 ± 10 0

Capillipedium assimile 39 ± 9 67 ± 25
Eupatorium adenophorum 0 75 ± 25

2 Tree Castanopsis delavayi 55 ± 15 69 ± 19
Castanopsis fleuryi 100 ± 20 0
Pinus yunnanensis 0 100 ± 0

Shrub Melastoma normale 88 ± 9 29 ± 4
Glochidion daltoni 85 ± 15 100 ± 24

Herbs Pogonatherum paniceum 43 ± 4 65 ± 0
3 Tree Dalbergia obtusifolia 77 ± 5 0

Bauhinia acuminate 100 ± 4 0
Herbs Ageratina adenophora 16 ± 3 79 ± 12

Chromolaena odoratum 0 100 ± 12
Oplismenus compositus 100 ± 25 0
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It is evident from these results that dam construction can have major impacts on the 
vegetation and biodiversity leading to a decrease or even loss of the dominant 
species and an increase in nondominant and invasive plants in the riparian zones 
(Li et al. 2012a).

The ecological risk analysis presented in Table 3.7 indicates that at sampling site 
No. 1, the tree species, Engelhardtia colebrookeana, was at high ecological risk 
(III), the shrub species, Woodfordia fruticosa and Eupatorium adenophorum, were 
at medium (level II) and extremely high risk levels (level IV), respectively, and the 
herbaceous species, Phyllanthus emblica and Capillipedium assimile, were at low 
ecological risk (level I). At sampling site No. 2, the tree species Castanopsis fleuryi 
and Pinus yunnanensis were at extremely high ecological risk (level IV), and the 
herb, Pogonatherum paniceum, was at low ecological risk (level I). At sampling site 
No. 3, the tree species Dalbergia obtusifolia, Bauhinia acuminata, and Oplismenus 
compositus were at the extremely high risk (level IV), the herb species, Ageratina 
adenophora and Chromolaena odoratum, were at moderate (level II) and extremely 
high levels of ecological risk (level IV). These results indicate that each plant spe-
cies responded differently to dam construction and were at different levels of risk. 
The dominant species in some of the plant communities were at risk of being 
completely lost from the system whereas exotic species were poised to become 
dominant in some sites (Li et al. 2012a).

Table 3.7  Ecological risk of plant species at sampling sites of No. 1, 2, and 3 before (1997) and 
after (2010) the construction of Xiaowan Dam

Sample site Vegetation layer Dominant species Risk level

1 Tree Phyllanthus emblica I
Engelhardtia colebrookeana III

Shurb Woodfordia fruticosa II
Herbage Heteropogon contortus IV

Capillipedium assimile I
Ageratina adenophora IV

2 Tree Castanopsis delavayi I
Castanopsis fleuryi IV
Pinus yunnanensis IV

Shurb Glochidion daltoni I
Melastoma nrmale III

Herbage Pogonatherum paniceum I
3 Tree Dalbergia obtusifolia IV

Bauhinia acuminate IV
Herbage Chromolaena odoratum IV

Ageratina adenophora II
Oplismenus compositus IV

Note: 0, no ecological risk/extremely low ecological risk; I, low ecological risk; II, medium eco-
logical risk; III, high ecological risk; IV, extremely high ecological risk
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3.3.2  �Impacts on Ecological Integrity

3.3.2.1  �Impacts on the Biological Integrity of Fish Assemblages

We monitored changes in the fish assemblages at the Xiaowan Dam at both temporal 
and spatial scales. The surveys were conducted in 2008, 2010, and 2011 that corre-
sponded to the periods of before dam impoundment, during water storage and after 
dam operation. Because the Xiaowan Dam is far upstream from the Manwan Dam and 
there were no dams further upstream from the Xiaowan Dam, the 2008 fish survey was 
regarded as the baseline sample that represented pristine conditions. The 2010 survey 
assessed the impacts of water storage (as the reservoir began filling) on fish assem-
blages, and the 2011 survey was the impact of the fully operational dam on the fish 
communities. We selected four sampling sites to monitor the fish populations 
(Fig. 3.12). Sample site S1 was located below the reservoir and could assess the impacts 
of flow regulation on the fish communities. Site S2 was located at the head of the res-
ervoir in static water with a maximum depth 252 m after dam impoundment; S3 was 
located in static water in the middle reach of the mainstream reservoir region; and S4 
was located in a tributary reservoir region of the lower Heihuijiang River, representing 
the effects of dam impoundment and operation on fish populations in tributaries.

The sampling sites were selected to represent a range of habitat and hydrological 
conditions that would be differentially impacted by the dam and its operation. The 
fish index of biological integrity (F-IBI) was calculated at each site at each time 
period to assess changes in the health of the river ecosystem before and after the 
dam became fully operational.

The calculated F-IBI for the different sites shows that before dam impoundment 
in 2008, the F-IBI score decreased from 99.83 (level I) in the upstream site, S3, to 
70.59 downstream at site S2 (level II). The F-IBI score at S4 in the tributary of was 
48.86 (level III), much lower than that of the mainstream. With the impoundment of 
the Xiaowan Dam in 2010, the scores of F-IBI decreased sharply to level V at all 
sites. When the dam was operational and generating power in 2011, the F-IBI at S2, 
S3, and S4 all decreased slightly whereas S1 increased (Table 3.8). These results 
clearly show that the construction and operation of large dams can have negative 
impacts on fish assemblages. The major causes of decreased biological integrity of 
the river were due to loss of lotic habitat, habitat fragmentation, migration blockage, 
loss of native fish species, and an increase in nonnative fish species (Li et al. 2013).

3.3.2.2  �Impact on the Biological Integrity of Plankton

We conducted surveys of the phytoplankton assemblages in 1988, 1997, and 2011 
at nine sites (Fig. 3.13). In 1988 and 1997, the phytoplankton assemblages were 
sampled in the dry season only (April) whereas they were sampled twice in 2011 
during both the dry and rainy season (October). The 1984 survey represents the 
natural pristine state of the river unaffected by dams. The 1997 survey is after the 
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Fig. 3.12  Sampling sites for monitoring fish assemblages in the Xiaowan reservoir area

Table 3.8  Modified F-IBI scores in the Xiaowan reservoir and middle reaches of the Upper-
Mekong River before (2008) and after (2010, 2011) dam construction

F-IBI S1 S2 S3 S4 S1–S2/km S2–S3/km S2–S4/km

2008 NA 70.59 (II) 99.83 (I) 48.86 (III) NA 0.53 0.33
2010 17.59 (V) 19.77 (V) 19.84 (V) 16.74 (V) 0.56 0.00 0.05
2011 26.14 (IV) 14.21 (V) 15.50 (V) 12.36 (V) 3.09 0.02 0.05
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Manwan Dam was completed and became operational in 1995. Thus some but not 
all of the sampling sites were affected by dam impoundment and flow regulation in 
1997. In 2011, both the upstream dam of Xiaowan (2010) and downstream dam of 
Dachaoshan (2003) were completed and operational, and all sampling sites were 
impacted by the dams. In 1984, seven sites were sampled (S1, S3, S4, S5, S7, S8, 
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Fig. 3.13  Sampling sites for plankton assemblages in the reservoirs of three cascading dams, the 
Xiaowan, Manwan, and Dachaoshan dams
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and S9), eight sampling sites in 1997 (S1, S2, S3, S4, S5, S7, S8, and S9) and all 
nine sites were sampled in 2011. After the dams became operational, S3 and S7 
represented the lacustrine zone of each reservoir region; S4, S8, and S9 represented 
the transitional zone; S5 and S6 represented the riverine zone of the Manwan reser-
voir region; S1 and S2 represented the riverine zone of the Dachaoshan Dam and the 
downstream region below the Manwan Dam (Fig. 3.13). The planktonic index of 
biological integrity (P-IBI) was structured and calculated following the same proce-
dures used for the F-IBI.

The results of P-IBI show that in 1988, before the dams had been constructed, the 
P-IBI in the mainstream ranged from 4.0 to 4.8 with the exception of site S3 which 
was lower which might have been associated with the early phases of construction 
of the Manwan Dam which began in 1986 (Table  3.9). After the Manwan Dam 
became operational in 1995, the first large dam on the mainstream of Langcang 
River, the P-IBI decreased both downstream and in the reservoir the Manwan Dam. 
In contrast, the P-IBI upstream of the Manwan reservoir increased slightly to 3.9. 
After all three cascading dams became operational in 2011, the P-IBI decreased 
sharply in the Xiaowan reservoir area during both the rainy (2.4) and dry (2.8) sea-
sons. The P-IBIs downstream of each dam were higher than those in the impound-
ment areas; however, all values decreased over time as compared to the pre-dam 
measurements (Table 3.9). These results indicate that the health of aquatic ecosys-
tems both upstream and downstream from large dams will be negatively affected by 
the construction and operation of dams due to changes in the flow regime, the loss 
of lotic habitat, and nutrient accumulation in the reservoirs (Li et al. 2012b).
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4.1                    An Overview of Dam Relocated People in China 

 As the second largest economy in the world and the fastest growing major economy, 
China has built more large dams than any other country in order to increase irriga-
tion, fl ood control, and hydropower (Holz  2008 ; WCD  2000 ). The construction of 
dams and reservoirs often, if not always, involves displacement of communities and 
livelihoods. The total number of relocated people as a result of dam construction in 
China is reported to be 10.2 million according to offi cial statistics, but this number 
is very controversial and is much lower than some independent estimates (Wang 
et al.  2013a ,  b ). According to the study of Wang and colleagues ( 2007a ), by 2006 
there were 22.8 million people relocated because of dam construction in China. 
This study also divided the history of dam-caused relocations into three periods, 
which are summarized below. 

  First period (1950–1957) : There were about 300,000 dam-caused relocations 
 during this period. Because it was right after the Chinese Revolution and the gov-
ernment controlled large amounts of land, relocation programs were relatively easy 
to conduct. 

  Second period (1958–1977) : The number of relocated people increased rapidly to 
4.91 million. However, due to social instability, particularly the Cultural Revolution, 
relocation policies were often neglected and relocated people suffered for a long 
time from low compensation and unreasonable living conditions. 

  Third period (1978–present) : Most large dams in China were built during this 
period, which caused the most relocated people in China’s history—22.8 million by 
2006. Besides the need to relocate such a dramatically large population, rapidly 
changing socioeconomic conditions added more complexity to the relocation 
process. 

 According to the study of Tang ( 2009 ), there are four major types of dam-caused 
relocations in China. 

    Chapter 4   
 Socioeconomic Impacts of Dams in China: 
Focusing on Relocated People 
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  Type 1 : Agricultural-oriented relocation. This type of relocation is suitable for less 
developed regions, where there are few industries and population densities are rela-
tively low. The government generally clears new farmland and provides new build-
ings and infrastructure for the relocated people, who usually continue to support 
their livelihoods through agricultural activities as they did before relocation. 

  Type 2 : Urban and suburban area relocation. This type of relocation is suitable for 
industrialized regions, where there are more job opportunities, particularly in manu-
facture and service industries. Relocated people are not given farmland, but can 
work in factories or fi nd other jobs in urban areas. 

  Type 3 : Whole community relocation. In this type of relocation, a community is 
moved as a whole unit, and their political structures are maintained in the new loca-
tion. The communities are relocated to either agricultural areas or urban areas. 

  Type 4 : This type involves different combinations of types 1 and 2 that depend on 
different household situations. The relocation policy could be very fl exible in this 
type of relocation, and affected people are either relocated to a far place, or just 
move a short distance. 

 The compensation policy for relocated people has also evolved along with the 
development of China’s society. Before the 1980s, China was under an extreme 
central planning system, and dam-affected people were required to sacrifi ce their 
own interests for the benefi t of the country; therefore, they received very low com-
pensations for being forced to move. Then after the reform and opening policy in 
1978, the government learned from mistakes in the previous period and adjusted its 
resettlement and compensation practices. Since local minorities were no longer 
expected to sacrifi ce all of their assets to the national interests, compensation was 
expanded. Further, the Central Government enacted legislation in 1991 to regulate 
compensation policies in large hydraulic project affected areas. But at that time, the 
compensation standards were still very low. In 2006, the Central Government 
updated this legislation and substantially raised compensation levels by more than 
threefold, and also began to emphasize the importance of maintaining sustainable 
livelihoods for relocated people (Wang et al.  2013a ,  b ). 

 While previous studies contributed signifi cantly to understanding the social 
impacts of large dams in China, most of them were restricted to relatively small 
temporal or spatial extents. In order to understand patterns and trends, we seek to 
analyze relocated people and compensation policy for resettlement over several 
decades at the national level. In this chapter, we provide a social impact analysis 
framework that has straightforward implications for improving the development of 
compensation policies in China. First, we classify the wealth of affected people 
into three dimensions and discuss the loss and compensation in each dimension. 
Then we use this framework to analyze the evolution of compensation policies for 
dam relocated people in China, as well as the institutional changes during the evo-
lution. At last we discuss new coordination mechanisms to protect the rights of 
relocated people.  
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4.2     Three Dimensions of Wealth: Material, Embodied, 
and Relational Wealth 

 Social impact analysis should take into consideration different dimensions of 
impacts (Freudenburg  1986 ; Vanclay  2003 ), and several papers have been published 
using such analyses to assess the impacts of large dams (Sadler et al.  2000 ; Tilt et al. 
 2009 ). To comprehensively analyze both the negative and positive social impacts of 
large dams at different scales, and to provide recommendations for improving com-
pensation policies, we introduce a framework of wealth analysis, and then apply it 
to our analyses in the next three sections (Wang et al.  2013a ,  b ). Wealth is a multi-
dimensional attribute (Coleman  1994 ). We identifi ed three classes of wealth based 
on the work of Mulder and colleagues ( 2009 ):

    1.    Material wealth: Includes farmland, houses, livestock, cash crops, and forests. 
This class of wealth can be measured in monetary units.   

   2.    Embodied wealth: Wealth that is implicitly carried by a person. In this book we 
focus primarily on various skills that could be used to make a living (e.g., agri-
cultural skills, fi shery and ferry skills, and business skills.)   

   3.    Relational wealth: Includes two components, social infrastructure (a person’s 
social network, language, customs, and traditional festivals), and physical infra-
structure (transportation conditions, healthcare, and education resources). Wealth 
in this class is provided by the environment and benefi ts individuals, but is not 
possessed by them.    

4.2.1      Losses in Three Types of Wealth 

 Material wealth loss is easy to measure monetarily and, in many cases, is considered 
the only loss experienced by relocated people. In large dam construction projects, 
farmland and houses inundated, or expropriated for construction sites, are the most 
signifi cant losses in material wealth for most farmers. 

 Embodied wealth, such as agricultural skills, once mastered, is unlikely to be 
forgotten. However, the environment determines the effectiveness of embodied 
wealth. If a farmer has grown rice for decades, but is relocated to another place and 
given land that is only suitable for growing wheat, he will suffer a loss in his rice- 
growing skills. In a worse case, a farmer who loses all his land and has to fi nd a job 
in a city loses all his embodied wealth in agricultural skills. 

 Relational wealth is also diffi cult to measure, but undoubtedly has signifi cant 
infl uence on the well-being of people. A person may have developed an economic 
network for selling his products and buying input materials after living in a place for 
many years. People have relatives and friends who socially support one another, as 
well as their cultural identity, featured by languages, traditional festivals, and cus-
toms. Relocation can have impacts on these economic/social/cultural networks to a 
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great extent. Loss in relational wealth might also increase diffi culty of access to 
education and healthcare resources, or worsen transportation conditions or water 
and electricity supply (i.e., physical infrastructure) (Wang et al.  2013a ).  

4.2.2     Compensations, Subsidies, and Opportunities 
in Three Types of Wealth 

 Many relocated people may receive a “fair compensation” only in terms of material 
wealth. They might be given new houses in better conditions than their previous 
ones, and if the new farmland is smaller than their former farmland, they may 
receive monetary subsidies. 

 Generally, there is no explicit compensation for embodied wealth. However, the 
new environment could provide relocated people opportunities to gain more of this 
type of wealth, sometimes far exceeding their previous level. For example, the con-
struction of a dam convenes thousands of workers, who increase the demands for 
goods and services and form a prosperous local market. In this new setting, many 
local people might quit agricultural activities and open restaurants or shops. Even 
though they have abandoned agricultural production and possibly may lose such 
skills, they gain commercial skills that could lead to higher incomes and improving 
their standards of living. This could be a positive impact of dam construction on 
members of local communities. 

 Relational wealth is hard to quantitatively analyze, and decision makers gener-
ally totally ignore it when designing compensation programs. Nevertheless, reloca-
tion could also bring opportunities to generate new network wealth. Construction of 
infrastructure may make people better able to build a larger social network and to 
have better access to education and healthcare resources. Such potential gains in 
relational wealth would likely vary greatly among individuals (Wang et al.  2013a ).   

4.3     The Evolution of Chinese Compensation Policy 
for Dam Relocated People 

 Due to rapid growth in energy demand and an attempt to reduce the percentage of 
fossil fuels in energy supply structure, China has emphasized hydropower in long- 
term national planning. The expectation is for expansion in the number of hydro proj-
ects in the next decade, and the associated large-scale resettlement of local populations 
represents a key challenge. When resettlement is pursued, compensation is recog-
nized as providing critical support to displaced people and to the maintenance of the 
legitimacy of sociopolitical structures and the modernization project (Cernea  1997 ). 

 We argue that compensation policies in China have distinguishing characteristics 
in different time periods, and that there is a profound relationship between the 
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evolution of compensation policies and the great social and institutional transforma-
tions occurring in China over the past 60 years. Understanding this relationship and 
the fundamental drivers behind the transitions informs expectations surrounding 
infrastructure project planning and treatment of displaced people in China’s future 
development. More broadly, the historical analysis offers insights into China’s 
ongoing institutional changes at a time when the achievements of economic reforms 
of the past 30 years are threatened by the rigidness of the political system (Wang 
et al.  2013b ). 

 We identify four epochs in the period from 1949, when the People’s Republic of 
China was founded, to the present: 1949–1977, 1978–1993, 1994–2000, and 2001 
to the present. The fi rst two breaks derive from standard defi nitions of Chinese 
political history; 1978 was the beginning of the “reform and opening-up policy,” 
and 1993 was the offi cial date of establishment of market economy principles in 
China. The third transition date, 2000, is not as clear-cut as the fi rst two dates, per-
haps because we do not yet have suffi cient historical distance. We identify the year 
2000 as a placeholder within a gradual process of emergence and embedding of civil 
society organizations and new norms of legitimacy regarding the relations between 
Chinese citizens and national authorities. In this sense the year 2000 is a general 
reference to entry into the present epoch (Wang et al.  2013b ). 

 As did Mazmanian and Kraft ( 2009 ), we emphasize the classic institutional 
orders of state, market, and civil society in defi ning the epochs and the transitions 
between epochs. For us, these institutions are coordination mechanisms that support 
resource allocation, administration, and knowledge production, thereby advancing 
security and socioecological reproduction (Hollingsworth  2000 ). Each historical 
period is associated, nominally, with expansion of the prominence of one of these 
modes of coordination. Expanded importance of a given coordination mechanism in 
determining compensation policy for displacement caused by dams is the basis of 
our assertion of an epochal transition. In making these claims, we acknowledge that 
there is not a one-to-one mapping between the periods and the coordination mecha-
nisms, and the relative signifi cance of the coordination mechanisms is quite uneven. 
While there is clearly important variance across territories and social problem 
domains within an epoch, our contention is that there is value in attending to general 
institutional tendencies (Wang et al.  2013b ). 

 We characterize the three epochal transitions in compensation policy as follows 
(Wang et al.  2013b ):

    1.    “The reform and opening-up policy” in 1978 was a state-led response to insta-
bilities and contradictions in the previous period. The government recognized 
the legitimacy of private claims regarding property. Individuals were no longer 
forced to sacrifi ce their well-being without compensation.   

   2.    The market-oriented reform in 1994 expanded compensation, particularly for 
losses of material wealth. Compensation for displacement became an outcome of 
negotiations between citizens, government, and state-owned companies engaged 
in dam construction. The involvement of quasi-private enterprises strengthened 
the ability of displaced people to make compensation claims.   

4.3  The Evolution of Chinese Compensation Policy for Dam Relocated People



82

   3.    The rise of civil society and the Internet after 2000 expanded transparency, 
 participation, and accountability in resettlement process. Compensation came to 
encompass not only material wealth, but also embodied and relational wealth.    

4.3.1      1949–1977: People and Communities 
in Service to the State 

 During the period 1949–1977, China was organized through a central planning 
 system. Factories, farmlands, and most of the businesses were state-owned or 
collective- owned. The government managed and allocated most important resources, 
made plans for every economic sector, and was eager to organize “great production 
movements.” This period was characterized by construction of large-scale infrastruc-
ture across the country, including large dams. Different levels of political districts 
actively participated in this effort, and the number of large dams in China increased 
dramatically, accompanied by the rapid growth of the number of relocated people. 
The government required individuals to sacrifi ce their well-being for the nation’s 
development, and this approach was seen as legitimate rather than contradictory. 
Due to the collective ownership of all property and weak collective organizational 
structures, individuals, and communities did not present signifi cant resistance. 
Relocation policies were often poorly designed and relocated people suffered from 
extremely low compensation and poor living conditions (Wang et al.  2013b ). 

4.3.1.1     Case Study 1: Sanmenxia Dam 

 Sanmenxia Dam was built on mainstream Yellow River to resolve sediment accu-
mulation and fl ood problems (see Chap. 2 for the background information of the 
Yellow River and the Sanmenxia Dam). A fertile plain would be inundated by the 
reservoir and about 300,000 people needed to move. The new place the government 
chose for them was Qingtongxia in Ningxia Province, roughly 500 km upstream 
from their original location. The government used every means to convince the vil-
lagers to move. The government described Qingtongxia as the most productive and 
pristine region along the Yellow River, and the government promised villagers sev-
eral times more farmland than in their original villages. Additionally, the govern-
ment explained to the villagers that Sanmenxia Dam would protect hundreds of 
millions of people downstream from extreme fl oods, and what they were doing was 
to “move one household to save ten thousand households.” The resettlement pro-
gram was not smooth, but 300,000 people were moved to Qingtongxia before the 
impoundment of the reservoir (Tan and Liu  2003 ; Tianjin E-North netnews  2003 ). 
Sanmenxia Dam was completed in 1960, and due to poor design of the dam and the 
consequent sedimentation problems, more farmland was inundated 1 year later, and 
an additional half a million people were forced to move to Gansu Province hundreds 
of kilometers away (Tan and Liu  2003 ; Tianjin E-North netnews  2003 ). 
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 When the villagers arrived at their new homes, they found that reality was very 
different from what was promised. The land was very rocky and precipitation was 
very low, resulting in extremely low agricultural productivity. It was almost impos-
sible to make a living on the resettlement land, and most villagers fell into stark 
poverty. The “Sanmenxia refugees” became a symbol of people who sacrifi ced for 
the whole nation’s well-being during the period 1949–1978 (Tan and Liu  2003 ).   

4.3.2     1978–1993: Opening Up 

 “The reform and opening-up policy” implemented in 1978 was an historic turning 
point in modern China. The government admitted the mistakes of idealism and the 
political movements of the previous period. Central planning schemes were aban-
doned in some economic sectors, specifi cally agriculture and manufacturing. 
Accountability change during this transition was highlighted by devolution of power 
from the Central Government and the reduction of rigidity in administration. 
Individual farmers still did not own their farmland, but they had the right to use it, 
and they were recognized as the owners of the products from their farmland (Zhang 
 2011 ). Most industries were, however, still subject to central planning and the “mar-
ket economy” was still restricted. The tragedies caused by improper compensation 
policies in previous periods made the government reconsidered its strong command 
and control strategy. Public offi cials became much more cautious in pursuing large- 
scale involuntary resettlement. New policies substantially increased the standards of 
compensation in terms of material wealth. Compensation for losses of embodied 
wealth and relational wealth was rarely considered (Wang et al.  2013b ). 

4.3.2.1     Case Study 2: Manwan Dam 

 Manwan Dam was one of eight cascading hydroelectric dams planned on the main-
stream of the Lancang River (the Upper-Mekong River) to take advantage of its 
steep elevation drop. It was also the fi rst dam in Yunnan Province, which took part 
in the “Transport western electricity to the east” strategy to meet massive energy 
demand in Guangdong, a much more developed coastal province. The project was 
completed in 1995 and had generating capacity of 1,250 MW, which is very small 
compared to other hydropower dams in China such as the Three Gorges Dam with 
installed capacity of 18,200 MW. The resettlement issues related to Manwan Dam 
are considered to be very typical of the period. More studies of the resettlement 
problems of Manwan Dam have been published than for any other dam of this scale 
(Yuan and He  2004 ). 

 According to offi cial data, there were 3,208 people relocated in order to con-
struct reservoirs. According to various independent studies, the actual number of 
displaced people was much higher, since landslides and other dam-related problems 
forced more people to move over time. After the dam was constructed, some local 
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people still lived in the same villages, or just moved a short distance from their 
original villages, who were referred to as “near-relocated people.” In some other 
villages, the impacts of the reservoir were so signifi cant that the original villages 
were no longer usable and the communities had to be relocated to faraway places. 
These are the “far-relocated people” (Yuan and He  2004 ; Tilt et al.  2009 ). 

 When the near-relocated people moved, they were compensated according to area 
of their homes, and they were responsible for building new houses for themselves. 
They did not receive compensation for lost farmland, but the government cleared 
new land for them around the new village. The area of farmland per household 
decreased notably after moving, and the quality of the soil was worse than before. 
The lack of irrigation water also forced villagers to switch from growing rice to 
growing wheat or corn, which do not require intensive irrigation. The transportation 
condition for near-relocated villagers was very poor, which made access to health-
care and education diffi cult. Drinking water was also hard to get in new villages. 

 Compensation for far-relocated villages was better. Households were still respon-
sible to build new houses themselves, but received fair compensation for old houses. 
The government was not able to clear enough farmland for all the villagers, so they 
provided them monetary compensation for shortfalls based on requirements of leg-
islation. Agricultural incomes were insuffi cient at both locations, forcing villagers 
to go to cities to work in factories for several months a year. Since the new location 
was closer to the county town, transportation, healthcare, and education conditions 
were better than before. But some villagers noted that drinking water was insuffi -
cient at times. The relocation of displaced people into existing settlements put pres-
sure on infrastructure, such as water supply, but investments were not made to 
upgrade infrastructure. 

 Compared to the Sanmenxia case, the government no longer required relocated 
people to sacrifi ce literally all their wealth for the nation’s well-being in this period. 
Instead, to guarantee that relocated people get minimum compensation to maintain 
a living, the Central Government enacted legislation in 1991 to structure compensa-
tion practices for large hydro projects. According to this legislation, farmland was to 
be compensated at 3–4 times the average value of the yields over the last 3 years 
(The State Council of China  1991 ). Even though this was still a very low compensa-
tion standard, and one that would not cover losses incurred by local people even in 
terms of material wealth alone, it eradicated the extreme cases such as the “Sanmenxia 
refugees.” Losses of embodied and relational wealth were not recognized, which 
made adaptation to the new environment diffi cult for relocated people.   

4.3.3     1994–2000: State Meets the Market 

 China’s transition from a centrally planned economy to a “socialistic market econ-
omy” was a gradual process. Different forms of market economic activities existed 
after 1978, but there were continuous debates on whether socialism and market 
economy contradicted each other. The legitimacy of market economy was not 
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established until the end of 1993, when the central committee of the Party issued its 
watershed document, “The Decisions on Establishing Market Economy in China.” 
This document removed most of the legal and ideological obstacles for the develop-
ment of both state-owned and private companies. Accountability regime change in 
this transition was also gradual. With the progressive introduction of market institu-
tions, the government no longer assigned arbitrary values in various transactions 
between different sectors. The market began to become the arbiter of price. 

 State-owned companies, rather than government agencies as in previous periods 
built most large dams during this period. The villagers also knew that companies, 
not the government, were taking their houses, farmland, and other assets. They no 
longer had the sense of “sacrifi cing (our) well-being for the whole nation’s develop-
ment,” and they began to ask for more compensation. Compensation became a 
negotiation between residents, government, and state-owned companies (Wu  2004 ). 
However, due to lack of the information and ability to formally defend their own 
rights, residents were still at a disadvantage in negotiation. Little, if any, compensa-
tion was provided for losses of embodied and relational wealth (Wang et al.  2013b ). 

4.3.3.1     Case Study 3: The Three Gorges Dam 

 The Three Gorges Dam is not only the world’s largest hydropower dam; it has gener-
ated the greatest number of relocated people. In 1985, it was estimated that the dam-
formed reservoir would submerge the homes and environs of 726,000 people, and if 
population growth was considered, the number would reach 1,132,000 by 2008. 
Offi cial documents have reported that after the completion of the relocation program 
in 2010, a total of 1,397,000 people had been relocated, including 190,000 in other 
provinces (Xinhua News Agency  2003b ; Jackson and Sleigh  2000 ; Li et al.  2001 ). 

 Compensation in the case of Three Gorges Dam was largely based on the market 
price of the losses of relocated people. This approach differs markedly from setting 
a minimum compensation standard, as was the case in the Manwan Dam. In a docu-
ment produced by the Central Government in August 1993, “The Three Gorges 
Project Development-oriented Resettlement Regulations,” it was stated that com-
pensation should be fair so that the relocated people could maintain or even improve 
their original standards of living. Further, the government committed to creating 
favorable conditions for the long-term development of displaced peoples’ liveli-
hoods. Another Central Government document in 1999 stated that the destination 
districts should provide favorable natural and economic conditions to the relocated 
people (Xinhua News Agency  2003b ). Implementation of the compensation policy 
to “maintain or even improve original standards of living” involved evaluating the 
market prices of houses, land, and other assets, thereby improving the fairness of 
compensation in terms of material wealth. 

 In reality, relocated people were given houses and new-cleared farmland. The 
government also awarded monetary compensation at a rate many times more than 
their annual incomes. So, in term of material wealth the relocated people were well 
compensated. But the implementation of “developmental-oriented resettlement 
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strategy” was unsuccessful. Very few training programs were provided to the 
 relocated people, and after relocation a large percentage of people were unem-
ployed. The government also built hospitals, schools, and other infrastructure proj-
ects in new built villages, but in most cases the investments could not meet the needs 
of the villagers (Xinhua News Agency  2003b ). Therefore the losses of relocated 
people in terms of embodied and relational wealth were still substantially larger 
than the compensations they received.   

4.3.4     2001–Present: Network Society 

 After 20 years of economic boom with an annual growth rate of 8 % on average, a 
large middle class was formed in China after 2000. These people were relatively 
well-educated, with stable incomes, and they had concerns about various social and 
environmental problems. Many environmental organizations were founded during 
this period, and they played active roles in efforts to protect biodiversity, reduce 
pollution, and mitigate environmental impacts of economic expansion. The wide-
spread use of the Internet in this period also had far-reaching infl uences on China’s 
society. Over a long history, state-controlled media had been the only information 
source for important events happened in China, and the government reported only 
the positive sides of its policies. But the Internet made it very diffi cult to hide infor-
mation from the public. The rise of civil society and the inability of the government 
to control media drove an accountability regime change in which public engage-
ment and participation enhanced transparency and openness in governance. 
Compensation policy design in this period was determined by the interaction among 
government, private sectors, and civil society, which made the negotiation and 
decision- making process much more complex (Wang et al.  2013b ). 

4.3.4.1     Case Study 4: Dams on the Nu River 

 The Nu River originates in the Qinghai-Tibetan Plateau, running through Yunnan 
Province in southwest China, and fi nally fl ows into the Indian Ocean. Debates about 
whether to build dams on the Nu River have gone on for 9 years since 2003, and the 
future of this unique river is still undetermined. 

 The possible exploitation of the Nu River for hydroelectricity was fi rst incorpo-
rated into the national hydropower development plan in the 1980s. In 1999, the 
National Development and Reform Commission decided to start the procedure for 
constructing a series of dams on the Nu River. After public bidding, two institutes, 
the Beijing Investigation and Design Institute and the East China Investigation and 
Design Institute, were identifi ed as being responsible for the design and planning of 
the cascade dam project. After 4 years of investigation and discussion, they pre-
sented a proposal to build 13 cascade dams with a total installed capacity of 
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21,320 MW, 1.2 times the capacity of the Three Gorges Dam. Until that time no one 
had doubted that the cascade dams would be built soon on this river (Dai  2004 ). 

 However, dramatic changes happened just 2 weeks later. Two environmental 
organizations, Green Watershed and Green Earth Volunteers, launched a campaign 
against the dam project on the Nu River that attracted public attention. Green Earth 
Volunteers convinced 62 infl uential people, including scientists, writers, journalists, 
and environmentalists, to sign a declaration to protect the natural status of the Nu 
River. Green Watershed conducted investigation on the standard of living of relo-
cated people from Manwan Dam, and claimed that dam construction on the Nu 
River would have signifi cantly adverse impacts on local residents. Many media ser-
vices began to publish articles about the proposed dams, and most of them posi-
tioned themselves against the project. NGOs also organized international 
conferences, and even drew the attention of UNESCO, which recognized their peti-
tion and showed “concern” about the Nu River Dam project. Finally, then Chinese 
Premier WEN Jiabao called for the suspension of all the dam projects on the Nu 
River and requested a more detailed environmental and social impacts assessment 
(Cao and Zhang  2004 ). 

 In the years following this 2003 landmark action, proponents and opponents of 
dam construction on the Nu River have continued their seesaw battle. In 2005 a 
group of famous scholars who supported the project visited the region, and blamed 
the environmental organizations for being “biased” and “extremists.” Some insti-
tutes also conducted the environmental impact assessments, which acknowledged 
some negative effects the project would have on the ecosystem and indigenous cul-
ture, but overall supported the dam project. Both sides have continued submitting 
petitions to the Central Government. The most recent petition was written by four 
geologists in February 2011, who warned that the Nu River runs along on a fragile 
geological zone, and that the dam project could trigger various geological disasters, 
including large earthquakes. Offi cial agencies announced in March 2011 that the 
project was still under a “feasibility study” and that a decision could not be made 
until its completion (Lv  2011 ; Reuters Beijing  2011 ; Wang  2011 ). 

 After being hotly debated for 9 years, the future of the Nu River is still undecided. 
Regardless of the result, the debate has signifi cant implications for China’s dam 
construction history. It was the fi rst time in modern China that civil society’s opin-
ions infl uenced the Central Government’s decision-making process regarding infra-
structure construction. It also represented a great leap in understanding the roles of 
different stakeholders in dam construction. The Nu River campaign signaled that the 
forces of civil society in China are emerging and growing. The expectation is that 
civil society will play more and more important roles in the future development of 
China’s infrastructure and its natural resources policy and management. 

 The Nu River debate also improved the transparency in dam construction. 
Previously the public was only informed how much profi t a dam project had gener-
ated, but citizens had never been told about the negative effects on environment or 
local people. But during the Nu River debate, all the positive and negative impacts 
of cascading dams were openly discussed via websites, newspapers, and TV shows. 
All stakeholders, including government offi cials, scientists, local people, NGOs, 
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and hydroelectric companies, had opportunities to give their opinions and also 
 consider opinions from other stakeholders. This deliberative environment enriched 
the knowledge of all stakeholders about dam impacts. 

 Since dam construction on the Nu River has not started, no people have been 
displaced. But the potential problems in resettlement have already been extensively 
discussed. One of the two NGOs that initiated the Nu River protection campaign, 
the Green Watershed, offered trips for local people on the Nu River to visit relocated 
villages associated with the construction of the Manwan Dam. After learning the 
adverse impacts of relocation on the villagers, the people along the Nu River became 
more skeptical of promises made by government and industry. Presumably, if the 
dams on the Nu River were to be constructed in the future, the government and 
electricity companies would have to invest much more in resettlement programs 
than in previous cases, particularly in embodied and relational wealth, as there is 
broader understanding of the implications of resettlement and the various dimen-
sions of wealth lost by displaced people.    

4.4     Government, Market, and Civil Society: 
New Coordination Mechanisms to Protect 
the Rights of Relocated People 

 Resettlement caused by dam construction is a complex problem that invites contem-
plation on what constitutes the public good and what ethical duties states and citi-
zens have to individuals. By conceptualizing wealth as a multidimensional concept 
and by empirically tracing compensation policy over time, we are able to identify an 
historical pattern in the way displacement has been addressed within hydro projects 
in China. The pattern refl ects commitments to compensate people more generously 
over time and an expanded defi nition of what compensation entails (i.e., cash pay-
ments for loss of property, skills training, investment in infrastructure). The pattern 
also refl ects expansion over time in the number of actors with active roles in com-
pensation policy. We observe interplay and complementarity among state, market, 
and civil society, the three pillars of governance. Examined through the specifi c lens 
of hydro project compensation policy, the three transitions in modern Chinese his-
tory highlight the signifi cance of each of the three principle modes of sociotechnical 
coordination (Wang et al.  2013b ). 

 In the fi rst transition, the government learned from mistakes in the previous 
period and adjusted its resettlement and compensation practices. Since local minori-
ties were no longer expected to sacrifi ce all of their assets to the national interests, 
compensation was expanded. However, without the engagement of market actors 
and civil society to complement and hold the state accountable, the rights of relo-
cated people remained weakly recognized and weakly realized. 

 In the second transition, market mechanisms were introduced into compensation 
policy. The loss of material wealth began to be evaluated through reference to 
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market prices, rather than fi xed values the government assigned. On this basis 
 compensation policy in material wealth was substantially improved. Relocated peo-
ple were, however, still at a disadvantage in negotiations with the government and 
state-owned companies. Living in deep river valleys for generations, these people 
generally lacked the ability to formally defend their own rights. Cultural and orga-
nizational structures served to impede effective collective action, which further 
 disadvantages local people. 

 The third transition, the information explosion that characterizes network soci-
ety, introduced many new stakeholders into the resettlement process including 
NGOs, researchers, media, and international organizations. The widespread use of 
the Internet made aspects of the decision-making process transparent to all stake-
holders, and society at large. With the support of organized and established civil 
society actors, relocated people gained more bargaining power in negotiations with 
commercial and state actors. Compensation came to include not only material 
wealth, but also embodied and relational wealth (Wang et al.  2013b ). 

 The three transitions we identify in Chinese compensation policy illustrate the 
potential relevance of the paradigm shift “from government to governance” in the 
Chinese context (Stoker  1998 ; Rhodes  1996 ; Paavola  2007 ). Within this Western 
conception and analysis, admixtures of state, market, and civil society are seen as 
producers and implementers of policy, and they are seen as important elements of 
capacity to respond to social and environmental problems (Wang et al.  2013b ). 

 Chinese governance continues to undergo profound transformations, and lessons 
from historical transitions could provide guides for policy making and reforms in 
the future. Our fi ndings suggest that continuing and deepening interdependencies 
among public, private, and civil society actors point to more just treatment of people 
displaced by hydro projects and expanded capacity of local people to resist dis-
placement. More generally, the trajectory in the previous transitions suggest that 
further expansion of transparency and public participation should be a focus in 
future reforms in order to enhance the legitimacy and accountability of government 
and to optimize the coordination mechanisms in governance (Wang et al.  2013b ).     
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5.1                    Trends and Debates of Large Dams in China 

 This book included a review of large dam construction worldwide and at China’s 
national level. While the worldwide review mostly discussed the general character-
istics of dam construction, the Chinese review focused on the particular features of 
large dam construction in China. 

 The worldwide review fi rst discussed the history, distribution, and the trends of 
large dams. Even though the history of dams is as long as that of human civilization, 
the overwhelming majority of dams were built after 1900, with the peak in construc-
tion occurring between 1970 and 1975. Five regions that have the highest dam den-
sity are East Asia, South Asia, North America, Europe, and Southern Africa. The 
distribution of dams is uneven between developed and developing countries: the 
former have already developed more than 70 % of their economically feasible dam 
potentials, while the latter have only developed about 30 %. Hence, most of the 
dams currently under construction or being planned are in developing countries, and 
therefore, the trend of future dam construction worldwide mainly depends on the 
pace of economic development in these countries. 

 The major purposes for dam construction include irrigation, water supply, fl ood 
control, electricity generation, and navigation. Some of the objectives are well 
achieved, which are the cases for most hydropower dams. But many dams intended 
for irrigation or water supply have fallen short in meeting their original goals. Dams 
for fl ood control could be a double-edged sword: they could regulate natural fl ow 
and reduce the magnitudes of fl oods, but also could cause unintended consequences, 
such as sedimentation of riverbeds, and making fl ood disasters even more pro-
nounced. Some dams are built to raise the water level to improve navigation condi-
tions, but this may come at considerable environmental and social costs. 

 General environmental impacts of large dams include inundating terrestrial ecosys-
tems, altering natural river fl ow regimes, blocking routes for migratory species, increas-
ing sedimentation, and enhancing greenhouse gas emissions. Most of the changes to 
natural systems are irreversible; therefore, it is necessary to conduct reasonable 
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environmental impacts assessment before the construction process is approved and to 
identify proper mitigation measures that should be applied in the project. 

 There are different types of social impacts of large dams that occur at different 
levels, including those on agriculture, local livelihood, social inequity, and culture. 
Compared with environmental impacts, social impacts are harder to identify and 
assess, and therefore are easier to be overlooked during the decision-making pro-
cess. However, a comprehensive understanding of social impacts is essential to the 
fair distribution of benefi ts and costs over all stakeholders. Therefore, incorporating 
a social impact assessment into the decision-making process is as important as 
applying an environmental impact assessment before dams are constructed. 

 Debates around large dams generally fall into three categories: economic feasi-
bility, environmental sustainability, and the social equity issues. Large infrastruc-
ture projects like dams provide direct and indirect economic benefi ts, and have been 
used for a long time as an important means to stimulate economic development. But 
there are also externalized costs of dams, which make the benefi t-cost analysis 
problematic. The environmental impacts of dams are diffi cult to deny, but the 
debates are in most cases on whether opponents of dams exaggerate those impacts. 
Social equity debates focus on one key issue: whether the groups who suffer the 
most from dams also benefi t the most, or get fairly compensated for their losses. 

 In China there were very few large dams before 1950. However, during the sec-
ond half of twentieth century China built about half of all the large dams constructed 
worldwide. Most dams built between 1950 and 1966 were aimed at irrigation and 
managing hazardous rivers. In contrast, most dams built after about 1980 primarily 
focused on generating electricity, due to the rapid increase in energy demand as 
China modernized. Currently, electricity generation is the single most important 
driver for dam construction in China. The Ministry of Water Resources identifi ed 13 
hydropower bases in different river basins in China, which cover almost all the river 
reaches that have technically feasible hydropower potential. The early construction 
projects did not account much for social impacts, but there has been a steady pro-
gression of policy and inclusion of stakeholders ever since. 

 The case studies in this book represented the most important or controversial 
dam projects in China. The Three Gorges Dam is by far the largest hydraulic project 
in the world, and it was fi nally build after a 70-year-long debate. With multiple 
functions to control fl oods, improve navigation, and generate electricity, it has also 
caused substantial environmental and social impacts in the reservoir-affected area. 
The Xiaolangdi Key Water Control Project is the most critical facility on the Yellow 
River to manage fl ow and mitigate sedimentation. Since the Yellow River is a seri-
ously degraded river system, Xiaolangdi Dam is generally successful in harnessing 
this unpredictable river. The cascading dams on three rivers in Southwest China, the 
Nu, Lancang, and Jinsha were discussed last. Dams on these rivers are all intended 
for electricity generation, and use the same model of cascading development, which 
means planning a series of dams on one river and using the profi ts from earlier com-
plete dams to fi nance the building of the rest. This cascading model could be an 
economically effi cient means for developing entire river systems, but the social and 
environmental impacts are also extended to entire watersheds.  
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5.2     Understanding the Environmental Impacts 
on Biological Diversity and Ecological Integrity 

 Environmental impacts are among the most signifi cant concerns of large dam 
 construction. This book reviewed the environmental impacts of large dams from the 
perspective of biological diversity and ecological integrity. In Chap.   3    , we showed 
generally the environmental impacts of large dams in major river basins throughout 
China. After the general review of the environmental impacts, we also introduced 
frameworks for assessing these impacts at watershed and ecosystem scales based on 
the case studies in the Upper-Mekong river basin. 

 Inundation of the reservoir area is the most obvious direct impact a dam will 
have on the environment. Most large dams are located in valleys, which often have 
relatively high biodiversity. Thus, dam construction inundates critical habitats for 
many plant and aquatic species. Reservoir inundation could also cause a change in 
land use patterns. After impoundment, local people may be forced to move up the 
hillsides and clear new farmland where forests may have been before the construc-
tion of the dam. This change in land use also might aggravate soil erosion, further 
threatening biodiversity. In Chap.   3    , we developed the vegetation impact index 
(VII) and the ecological risk grades to quantify the impacts of the large dams on 
plant diversity. 

 Many aquatic species in rivers have specifi c migratory patterns during their life 
cycles. During different life stages, such as spawning, juveniles, and sexual matu-
ration, many species shift to different reaches of a river. Dams can block migratory 
paths, and reduce the populations of many species, possibly driving some species 
to extinction. Some large dams have established fi sh bypasses (ladders) as a means 
for mitigating the negative effects on migratory species, but the percentage of large 
dams with such structures is very low, and ladders only aid the movement of cer-
tain species. Also, these structures sometimes do not work effectively, since the 
migration of different species requires various navigational cues, such as strong 
currents. 

 Dam construction is considered one of the most signifi cant alternations to natural 
hydrologic systems. The evolution of a river ecosystem is a process of adapting to 
the fl ow regime over several thousands of years. However, dam construction causes 
rapid changes in natural fl ow regimes in several aspects. The fl ow regime changes, 
that in associated with water quality alternation, will signifi cantly impact the integ-
rity of river ecosystems. In Chap.   3    , we structured the fi sh index of biological integ-
rity (F-IBI) and the planktonic index of biological integrity (P-IBI) to quantify the 
impacts of large dam on the ecological integrity of river ecosystem. 

 Another alteration of dam projects to the natural system is sedimentation, which 
is not only a technical problem for the dam itself, but also has noticeable environ-
mental consequences. For many large dams, serious sedimentation shortens the ser-
vice life and long-term sustainability of the facility. Dams capturing sediment moving 
downstream can also cause the erosion of downstream channels and tributary head-
cutting. Estuaries and deltas need sediments from upstream to offset the erosion by 
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waves and tides. Dam construction not only captures the sediment, but also reduces 
the amount of water fl owing downstream because of evaporation and water con-
sumption by agriculture and/or industry. Therefore, seawater might encroach and 
erode estuary areas. 

 Hydropower has been considered a clean energy source with lower greenhouse 
gas emission rates than electricity generated by fossil fuels. However, studies show 
that decomposing organic matter in reservoirs emits a large amount of greenhouse 
gases. This problem is more severe in shallow reservoirs in tropical regions. However, 
since natural lakes and wetlands also emit greenhouse gases, whether the contribu-
tion of reservoirs to global climate change is signifi cant remains controversial.  

5.3     Understanding the Social Impacts 
and Compensation Policy 

 Large dam projects will not only dramatically change the physical conditions of the 
rivers, but also will have signifi cant impacts on local communities. In Chap.   4     we 
identifi ed three classes of wealth for the affected people, namely material wealth, 
embodied wealth, and relational wealth, and comprehensively compared the loss 
and compensation in each dimension of wealth. Case studies showed that the divi-
sion of three dimensions of wealth can help researchers and policy makers better 
understand the multilevel social impacts on relocated people. Dam construction has 
direct impacts on material wealth, primarily by submerging houses and farmlands. 
Material wealth is easy to understand, and therefore its loss is most often equitably 
compensated, or even overcompensated. But embodied wealth and relational wealth 
are generally affected in indirect manners, and thus they are more diffi cult to recog-
nize by policy makers. Hence, most unfair compensation practices arise from ignor-
ing either embodied wealth or relational wealth. However, the impact is not always 
negative, as some dam projects bring concurrent opportunities for villagers to 
enhance these two types of wealth, such as by providing more job opportunities or 
improved infrastructures. 

 Recommendations for more reasonable compensation policies were also identi-
fi ed based on the analysis of the three dimensions of wealth. In Chap.   4     we showed 
that it is critical to systematically assess the three dimensions of wealth loss caused 
by dam construction, and that in order to improve the accuracy of the assessment, a 
transparent decision-making process is necessary. Then, to achieve the goal of fair 
compensation, the government needs to compare which dimensions of wealth loss 
are covered and fairly compensated by the policy and compare them with the actual 
wealth loss in each dimension as perceived by villagers. The ideal compensation 
policy should compensate fairly in all three dimensions. The compensation policy 
should also take social inequity effects into consideration and make sure to avoid 
uneven impacts on different individuals or communities that would widen the ineq-
uity gap between them.  

5 Conclusions: The Future of Large Dams in China
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5.4     New Decision-Making Schemes in Large Dam Projects 

 Large dam construction is not merely an engineering problem, but is rather at the 
center of resource exploitation, environmental protection, and social development. 
The complexity of this problem demands that resolving it will require interdisci-
plinary knowledge and collaboration. Figure  5.1  illustrates the interactions among 
the three components of large dam construction. Owing to the inter-relationships 
between these components, failing to address any one of them likely will result in 
the eventual failure of the project. While it is critical to coordinate the demands aris-
ing from all three components, it is also important that experts in different fi elds 
study each component in detail. The following suggestions are provided for 
 improving the understanding of each component.

   Economic feasibility is at the center of resource exploitation. When planning to 
build a dam, resource potential, technological capacity, fi nance, and market are all 
among the factors that need to be evaluated. Beside these considerations, it will be 
helpful to research the fi nancial and physical performances of dams, such as the pos-
sibilities for overrunning estimated budgets and/or failing to meet planned objectives. 
The World Commission on Dams’ ( 2000 ) report did interesting statistical analyses of 
the physical and fi nancial performances of dams around the world. However, it might 
be more persuasive to make thorough inquiries into the reasons behind the high or 
low performances of dams with different purposes, such as why most of irrigation 
dams fail to meet their original goals, while most hydropower dams not only recover 
their costs, but also surpass their original objectives. Another possible research topic 
involving economic feasibility would be to compare the profi t rate of large dams with 
other alternatives. For example, comparing hydropower plants with solar or wind 
power plants, or comparing the economic effects of irrigation dams with new, innova-
tive water saving technologies. Such comparisons will help developing economies 
decide if they should build large dams or pursue other options. 

Social 
development

Resources 
Exploitation

Environment 
protection

Participation

Transparency

Accountability

  Fig. 5.1    Economic 
feasibility, environmental 
sustainability, and social 
equity       
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 Environmental sustainability is another goal that large dam projects should strive 
to achieve. Much research has focused on the environmental impacts of large dams, 
including studies on immediate changes in terrestrial and aquatic ecosystems, geo-
logical features, and water quality following the construction of large dams. Future 
research on environmental sustainability problems should also focus on long-term 
impacts, such as greenhouse gas emission rates, regional climate changes, and rela-
tionships between reservoir size and the frequency of earthquakes. Since a substan-
tial percentage of freshwater on the planet is held in large dam reservoirs, these 
long-term impacts to the global environmental sustainability should not be neglected. 

 Social equity was not emphasized in dam projects until the recent decade. Even 
though large dams have been used as an important means for social development, 
the distribution of benefi ts and costs are not equitable in most cases. The following 
suggestions are potential directions that future research on the perspective of social 
equity should advance. First, this book proposed a framework for better understand-
ing the social impacts of large dams, where wealth was divided into three catego-
ries. Future researchers may work on designing a more scientifi c and reasonable 
division of wealth. For example, the defi nition and examples of embodied and rela-
tional wealth need to be further specifi ed. Second, a global decision-making frame-
work is necessary to fully understand the social impacts, and the World Commission 
on Dams has made great contributions in building such a framework. However, 
large dam problems vary signifi cantly between different regions, therefore geo-
graphic and socioeconomic differences should be taken into consideration and nec-
essary adjustments should be made to the framework to better fi t specifi c situations. 
At last, certain universal standards need to be developed to ensure basic social 
equity during and after the dam building process, in order to make sure that all the 
stakeholders are fully informed, the decision-making process are participatory, and 
the policy designs are transparent. 

 The future of large dams in China is shaped, and being shaped, by the different 
interests held by different stakeholders, and the complex relationships between eco-
nomic, social, and environmental systems. The solution to the large dam dilemma 
should not be a simple judgment of building dams or not. It should be a mechanism 
that ensures that different factors in human and nature systems are considered, and 
interests of different groups are respected and protected. Participation by all key 
stakeholders, transparency in the decision-making process, and accountability in the 
implementation of new projects comprise the cornerstone for this mechanism, 
which assures that the decision-making process is scientifi c-based, effi cient, and 
fair. In sum, this reasonable decision-making mechanism, rather than a moral or 
economic judgment, is the answer to the large dam dilemma.     
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