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Abstract: The Mekong River, well known for its aquatic biodiversity, is important to the social,
physical, and economic health of millions living in China, Myanmar, Laos, Thailand, Cambodia,
and Vietnam. This paper explores the social and environmental impacts of several Mekong basin
hydropower dams and groupings of dams and the geographies of their impacts. Specifically, we examined the 3S (Sesan, Sekong Srepok) river system in northeastern Cambodia, the Central Highlands
of Vietnam, and southern Laos; the Khone Falls area in southern Laos; the lower Mun River Basin
in northeastern Thailand; and the upper Mekong River in Yunnan Province, China, northeastern
Myanmar, northern Laos, and northern Thailand. Evidence shows that these dams and groupings
of dams are affecting fish migrations, river hydrology, and sediment transfers. Such changes are
negatively impacting riparian communities up to 1000 km away. Because many communities depend
on the river and its resources for their food and livelihood, changes to the river have impacted, and
will continue to negatively impact, food and economic security. While social and environmental
impact assessments have been carried out for these projects, greater consideration of the scale and
cumulative impacts of dams is necessary.
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1. Introduction
1.1. The Mekong River and the Cumulative Impacts of Dams
With a length of 4909 km beginning in China and flowing through Myanmar, Thailand,
Laos, Cambodia, and Vietnam before emptying into the South China Sea [1], the Mekong
River and its tributaries constitute one of the most important freshwater aquatic systems in
the world, with globally significant aquatic biodiversity, aquatic biological production, and
connection to human livelihood. More than 65 million people live in the Mekong River
Basin, 40% of whom reside within 15 km of the mainstream Mekong itself. Many of these
people depend on the river for food security, livelihood, and trade [2]. The river is unique in
that annual variations between low and high water volumes are greater in the Mekong than
for any other large river in the world, resulting in a variety of environmental conditions
and habitats critical for a high diversity of aquatic life [3]. However, the Mekong River
Basin has experienced a number of critical changes over the last few decades, particularly
due to the development of a large number of hydropower dams. Many of these projects
have caused serious social and environmental impacts, ones with implications far beyond
the locations where the projects were constructed. Thus, the particular geographies of the
social and environmental impacts of hydropower dams in the Mekong River Basin are
crucial to consider.
Here, we review the history of large-scale hydropower dam development in the
Mekong River Basin, including some of the most important social and environmental
implications of the most prominent hydropower projects. We then specifically consider the
geographies of the social and environmental impacts of four particular dams or groupings
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of dams, and the broad geographies and interconnections between different projects.
These include the 3S (Sesan, Sekong, Srepok) river system in northeastern Cambodia; the
Central Highlands of Vietnam and southern Laos; the Khone Falls area in southern Laos;
the lower Mun River Basin in northeastern Thailand; and the upper Mekong River in
Yunnan Province, China, northeastern Myanmar, northern Laos, and northern Thailand.
We argue that understanding the different kinds of geographies associated with the
Mekong River Basin—biological, hydrological, human, infrastructure, and energy—is
crucial for assessing the implications of hydropower development, including its political
ecologies and uneven, broad, and cumulative impacts. Such geographies include the
politics of scale and the spatial extent of different social and environmental impacts. For example, understanding where water governance decisions are made and where the energy
is produced and ultimately consumed provide insights into the uneven power relations
between local peoples and national and regional governing bodies. Similarly, evidence of
different impacts at various spatial scales calls for a re-evaluation of the limited scope of
past and current impact analyses of hydropower projects.
1.2. A Brief History of Hydropower Dam Building in the Mekong River Basin
Hydropower dam development in the Mekong River Basin began in northeastern
Thailand when the Nam Pung Dam was built in Sakon Nakhorn Province in November
1965. The Nam Pong Dam, in the upper Chi River Sub-basin in Khon Kaen Province,
was developed soon after, and was officially inaugurated in March 1966. The Ubol Ratana
Dam was completed in the same year, and the Lam Pao Dam was operational by 1968.
The Sirindhorn Dam was completed in the Mun River Basin in Ubon Ratchathani Province
in 1971, and the Chulabhorn Dam was operational by 1972 [4]. The first large dam in Laos,
the Nam Ngum Dam, in central Laos, was completed in 1971 [5]. However, Cold War
conflict prevented many of the dams envisioned for the Mekong River Basin between the
1960s and 1980s from being constructed [6].
Largely due to Cold War conflict, hydropower dam development in the region did
not seriously begin again until the Pak Mun Dam began being constructed on the Mun
River, the most important Mekong tributary in Thailand, in Ubon Ratchathani in 1990 [7,8].
During the 1990s, the government of Thailand also started developing other medium and
large irrigation dams, as part of the Khong-Chi-Mun Scheme [9,10]. In the mid-1990s, dam
construction in Laos also began again with the support of foreign investment, including the
construction of the Houay Ho Dam in southern Laos, the Theun-Hinboun Dam in central
Laos, and a few other dams [11–13]. In China, the first dam on the Lancang (Mekong) River
was also constructed in the 1990s, with the Manwan Dam being completed in 1993 [14].
In the Central Highlands of Vietnam, construction of the Yali Falls Dam began in 1993, and
was completed in 2001 [15,16].
However, the 1998–1999 Asian financial crisis resulted in some planned hydropower
projects being cancelled, while others were postponed or scaled down. For example, in 1996,
South Korea’s Dong Ah Construction Industries Company agreed to build the Xe Pian
Xe Namnoy Dam in southern Laos. Construction work had begun, but due to financial
difficulties in Korea, the project was discontinued, and Dong Ah withdrew entirely in
1999 [12,17], although the project was revived by another Korean company in the 2010s [18].
Other projects envisioned for the Sekong River in southern Laos were also cancelled.
Similarly, the Energy Generating Authority of Thailand (EGAT) had previously agreed to
invest in the construction of China’s Jinghong Dam, but withdrew from the project in 2000
due to the financial crisis and associated lack of energy demand in Thailand [19].
Due to a decline in market demand for hydropower energy, and lingering financial
difficulties associated with the Asian financial crisis, little hydropower development occurred in the lower Mekong River Basin during the early 2000s [17]. The critical findings
of the negative social and environmental costs of dams by the World Commission on
Dams [20] also discouraged large institutions from funding new large dams in the early
2000s. However, hydropower dam development continued on the mainstream Lancang
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River in China [21], and in 2005, the World Bank approved the controversial Nam Theun
2 Hydropower Project in central Laos, at the time the largest dam ever built in the entire
Mekong River Basin. It became operational in 2010 [22,23].
In the 2010s, hydropower dam development increased dramatically, particularly in
Laos, China, and Cambodia. In Laos, as of February 2019, there were 61 hydropower dams,
with an installed capacity of 7207 MW, and the capacity to generate about 37,366 kilowatthours per year [24]. Most projects have been developed on the basis of the build-operatetransfer (BOT) model, in which private companies invest in projects that they have concession agreements for, and after a set period of time, often 25–30 years, the projects are
handed over to the Lao government [25]. In addition, 36 hydropower dams were under
various stages of construction in early 2019. They were expected to contribute 4184 MW
in installed capacity by the time they were completed at the end of 2020. Furthermore,
the government of Laos was planning to begin developing another 10,000 MW of electricity
by 2020, and an additional 20,000 MW by 2030 [24]. Given current projections of rapidly
increasing installed capacity, and Laos’ energy exports to neighboring countries, some have
referred to Laos as becoming “the battery of Asia”, an appellation also attributed to China’s
Yunnan Province because of the potential hydropower capacity there as well.
In Cambodia, the 400 MW Lower Sesan 2 Dam, the largest dam to be built in Cambodia
to date, began construction in 2014, and was completed in 2018 [26,27]. Studies have also
been conducted regarding the possible development of the Sambor Dam in the mainstream
Mekong River [28], although reports suggest that the project has recently been set aside for
at least a decade [28,29].
In China, a number of large dams were constructed on the mainstream Lancang
(Mekong) River during the 2010s, including the massive Xiaowan and Nuozhadu Dams [30].
There are now 11 dams on the mainstream Lancang River in China [31], and other dams
have also been built on tributaries of the Lancang River.
The following four sections summarize the history of hydropower dams in different geographic areas within the Mekong River Basin, highlighting the main social and
environmental impacts associated with the projects discussed.
2. Case Studies: The Social and Environmental Impacts of Hydropower
Dam Development
2.1. The 3S Sub-Basin: Sesan, Sekong, Srepok River System in Northeastern Cambodia, the Central
Highlands of Vietnam, and Southern Laos
Since 2000, Cambodia has experienced strong economic growth, which has subsequently resulted in increased electricity demand. In the 2000s, the vast majority of Cambodians did not have access to electricity, with 60% of urban dwellers and only 10% of rural
inhabitants having access [32], and even as of 2018, Cambodia’s electrification rate was
still only 60%. Moreover, half of the country’s rural population still lack ready access to
electricity [33]. To meet this demand, the government has partially turned to hydropower.
While a number of dams have been built outside of the Mekong River Basin in southern
Cambodia [34], we focus on two projects within the Mekong River Basin. The first is
the Yali Falls Dam, situated in the Central Highlands of Vietnam, and the second being
the Lower Sesan 2 Dam, which operates as a run-of-the-river dam [35] and is situated in
northeastern Cambodia. Both dams are constructed in the Sesan River Basin and have
caused considerable social and environmental impacts on upstream and downstream
ecologies and peoples. On 17 December 2018, Cambodia’s Prime Minister Hun Sen inaugurated the Lower Sesan 2 (LS2) hydropower plant (Figure 1) [36]. LS2 has been met
with considerable controversy and resistance from local peoples and their supporters since
its inception [26,37,38]. The tendency to oppose the dam stems from the ecological and
social impacts borne by people living in northeastern Cambodia downstream from the Yali
Falls Dam (completed in 2001) and other dams on the Vietnamese side of the border. The
transboundary and cumulative character of these projects has been an added challenge for
those downstream in Cambodia [15,16,39].
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Constructed 80 km from the Cambodian border on the Sesan River, the 720 MW Yali
Falls Dam, the largest dam in the 3S system, greatly disrupted villagers’ lives downstream
in Cambodia (Figure 1). NGO Forum on Cambodia [39], Wyatt and Baird [15], and Hirsch
and Wyatt [16] provided significant evidence of such losses. For example, unexpected
strong water releases from the dam led to boats capsizing, as well as the loss of life and
property, including fishing gear and boats. As many riverine communities downstream
rely on fishing for food and income, these losses threatened food security and incomes in
these communities. Important fish habitats, such as deep-water pools, have been silted
up, and water quality in the river has changed. Fish populations have subsequently been
seriously impacted [40]. Overall fish catches have declined, and it seems likely that fish
spawning has been disrupted, since water quality, hydrology and habitat have all been
dramatically altered. Changing water levels and riverbank erosion have also led to a
reduction in riverbank gardens. Poor water quality released from the dam has also been
associated with health problems including death. During construction of the Yali Falls
Dam, villagers downstream in Cambodia complained of stomach infections, eye irritations,
and rashes, among other ailments. Children who spent time in the river bathing and
swimming were more susceptible to illness [39]. Initially, the cause of these health problems
was undetermined. However, in 2009, toxic blue-green algae was confirmed to be found in
the Yali Falls Dam’s reservoir in Vietnam. It is believed to have been the cause of people
and domestic and wild animals falling ill and dying [41–43]. Changes to the river have
been meet with fear and uncertainty. Some families even moved inland to forested areas or
agricultural lands, creating other types of land-based environmental impacts [16].
Adding to the impacts of the Yali Falls Dam has been the newly constructed LS2
Dam. While people living below LS2 face similar downstream issues to those living
downstream from the Yali Falls, those located above LS2 inside and outside of the reservoir
area are facing a different set of problems. While some villagers insisted on remaining near
their former villages, relocating to higher ground, others reluctantly agreed to resettlement
packages. The suitability of resettlement sites remains a serious problem for those displaced.
These villagers continue to worry about loss of agricultural and forest lands, lands for
grazing, and the long distances they live from perennial water bodies. Deforestation
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rates in the area have outpaced loss of forests in other parts of Cambodia, with reports of
rapidly accelerating deforestation rivaling the highest rates globally [44]. Even as these
concerns persist, questions about appropriate compensation also loom. Without land to
cultivate and with less fish to catch, villagers have been left without alternative livelihood
options. The lack of a clear governmental resettlement policy or associated legislation on
resettlement and compensation remains a deficiency of the LS2 hydropower development
scheme [26,38,45,46]. The loss of fisheries needs to be more seriously addressed, especially
in areas upstream of the reservoir, where migratory fish species no longer reach in the same
numbers, thus negatively impacting the food security and incomes of local people.
LS2 has long been expected to result in heavy impacts on fisheries in various parts
of the basin, through blocking fish that had seasonally migrated past the site of the
dam [41–47]. Baird and Flaherty [48] predicted that a number of important mid-sized
carps, including Mekongina erythrospila, Scaphognathops bandanensis, Labeo erythropterus,
Bangana behri, Hypsibarbus malcolmi, and Cirrhinus molitorella, which migrate between the
Sesan, Srepok, and Sekong River Basins and the mainstream Mekong River, would be
heavily impacted if dams were to be built on the lower parts of these rivers. Furthermore,
Ziv et al. [49] estimated that the LS2 Dam would cause a 9.3% decline in fish biomass in
the Mekong River Basin, more of an impact than any other tributary dam in the basin.
Arias et al. [50] have also illustrated the basin-wide hydrological impacts of dams on the
3S Basin. Dams such as the Yali Falls Dam and the LS2 Dam are impacting fisheries and
communities that depend on them further south, including in the Tonle Sap Lake and the
Mekong Delta in Vietnam, and further upstream in Laos and Thailand, along the Mekong
River and its tributaries. These dams impede sediment and nutrient transport, causing
coastal erosion in the Mekong delta, and disrupting river hydrology, which has facilitated
deforestation and loss of fish production in the Tonle Sap Lake. Thus, changes such as
these are affecting food security well beyond the immediate upstream and downstream
communities near these dams [51]. These spatially expansive geographies and transboundary impacts need to be seriously considered but are often underestimated in environmental
impact assessments and mitigation and compensation programs, especially when such
assessments and programs are limited to the areas directly adjacent to dam sites or fail to
consider cumulative impacts of multiple existing and planned dams [28]. A key barrier
to more comprehensive and transboundary impact assessments is the uneven negotiating
power among riparian countries. In the case of the Yali Falls Dam, Vietnam’s unwillingness
to equitably consider downstream impacts in Cambodia, along with Cambodia’s weak
financial and technical capacity, led to a deficient impact assessment that only considered
possible impacts 6 km downstream [15].
2.2. The Khone Falls Area
Clearly visible from Cambodia’s Preah Rumkel Commune in Thalaboriwatt District,
Stung Treng Province, Laos’ 260 MW Don Sahong Hydropower Project operates as a runof-the-river dam and is located in the Khone Falls area, a series of channels, waterfalls, and
small islands in the mainstream Mekong River in Khong District, Champassak Province,
southern Laos (Figure 2). The project commenced commercial operation in November
2019, with agreements to sell power to neighboring Cambodia and Thailand [52]. This
section examines the geographic extent of impacts on fisheries, food security, and changing
livelihoods for those in the Khone Falls area. Many years before its construction began
in 2016, concerns regarding the impacts of the dam on fish and fisheries were expressed
by locals and researchers [53,54]. The Khone Falls area is important for migratory fish
as they seasonally pass through the Khone Falls area and move upriver to feed and
spawn [3,48,54–61]. Many locals and scientists believe that a large proportion of the fish
that migrate from Cambodia to Laos previously passed through the Sahong Channel,
making it one of the most important migratory corridors in the entire Lower Mekong
Basin [3]. However, it was this very channel where the Don Sahong Dam was constructed.
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the impacts of the Don Sahong Dam on upstream fish migrations. Other important fisheries
in the Sahong Channel, such for migrating Pangasius macronema [57], have also been lost
directly because of the dam. These traps were subject to locally developed tenure systems
and were privately owned to catch migrating fish [58,59]. Collectively, these traps caught
hundreds of tons of fish a year and provided food and income for thousands of people
living in the Khone Falls area. While some people living upriver from the Khone Falls claim
that they are now catching more fish than before, those in the Khone Falls area are facing
a serious livelihood crisis, and no compensation for fisheries livelihood losses has been
provided. As a result, more and more people are seeking waged labor in Thailand in order
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to support their families. It is estimated that nearly 7000 people have left Khong District to
seek work in Thailand in recent years [62]. Hang Sadam Village, which is located adjacent
to the dam, has been particularly negatively impacted by the ban on fishing. The people
there, as well as others from nearby villages, are dependent on wild-capture fisheries for
their livelihoods. Some villagers, out of frustration and desperation, have even turned to
stealing from the construction site to try to make ends meet [63].
Although measures have been taken to mitigate the impacts of the Don Sahong Dam
on upstream fish migrations, by opening up channels for fish to pass [64,65], it remains
uncertain whether all fish will be able to travel past the Khone Falls through these smaller
channels as compared to the much wider and deeper Sahong Channel. There is particular
concern about larger species, such as the Critically Endangered giant catfish (Pangasianodon
gigas), but also other large species such as Pangasius krempfi [66]. It is conceivable that
the Don Sahong Dam has now blocked an important spawning migration for the giant
catfish, isolating populations above and below the falls, and further imperiling the species.
Furthermore, the owners of the Don Sahong Dam expect that about 5% of the fish that pass
through the fish turbines when migrating downstream will not survive, but the impact
could be much greater [67]. Such mortality rates for smaller fish have been found to
be 5–25%, increasing with larger-sized fish, with those longer than 50 cm having a 40%
mortality rate and those longer than 1 meter having nearly a 100% mortality rate [68].
Baird [69] describes measures that dam operators were initially proposing to include
in order to achieve minimal impacts, including the use of screens and barriers and an
acoustic fish deterrence system to keep fish away from the turbines. However, it appears
that those measures have been scaled back compared to original plans. Even if such
mitigation measures are put in place, the dam has already caused significant impacts on
local livelihoods and is certainly going to have regional impacts on fisheries, although the
exact impacts are far from certain and have not been well studied.
2.3. The Mun River Sub-Basin
While there are a number of dams in the Mekong River Basin in Northeast Thailand,
we center our attention here on one of the most heavily studied and controversial dams
in Southeast Asia, the Pak Mun Dam. We particularly consider the basin-wide impacts
on the Mun River’s hydrology and local livelihoods. Located on the Mun River in Ubon
Ratchathani Province, northeastern Thailand, and merely 5.5 km from the confluence of
the Mekong River (Figure 3), the Pak Mun Dam has continued to be a site of contention
for many people living along the Mun River’s banks and beyond. The 136 MW dam
operates as a “run-of-the-river” dam [70], but has a 60 km2 reservoir, more storage than
what many would expect for a run-of-the river dam. The Pak Mun Dam is situated within
the national boundaries of Thailand but drains the entire Chi-Mun River Basin into the
Mekong River. Therefore, a dam on the Mun River, such as the Pak Mun Dam, is not
only negatively impacting the entire region of northeastern Thailand but also downstream
riparian countries such as Laos, Cambodia, and Vietnam. The perpetual struggle against
the dam was in part brought on by the Thai state’s continued repression of the voices of
people impacted by project [7]. In the 30 years since the dam’s approval, local people in
many communities have experienced serious impacts, such as loss of fisheries, flooding,
loss of agricultural land, and declines in community cohesion and multi-generational
family connections.
For local peoples, the costs of the Pak Mun Dam far outweigh the benefits [7,8,20,71].
First, the dam was never meant to be part of a local or regional development project but was
rather developed to supplement the national power grid of Thailand [71]. However, the
Mun River and its aquatic resources are deeply rooted in the livelihoods of the communities
along its banks and tributaries. Disrupting the river and changing its hydrology have had
serious consequences for those communities [7,10,20]. In order for the project to move
forward, many families had to be resettled due to the inundation of their villages and
agricultural lands. In addition to the hardships that came with resettlement, many villagers
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outside of the reservoir area also face problems of declining fish catches. The Pak Mun
Dam is directly responsible for these declines because it blocks migrating fish from 8moving
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Since completion in 1994, the Pak Mun Dam has negatively impacted large numbers
of villagers. Many fishers did not submit their petitions for compensation until after
local people demonstrated against the dam in 1999. Some villagers resettled before an
agreement with the Electricity Generating Authority of Thailand (EGAT) was reached and,
therefore, were not given compensation. Others did not expect to be in the flood zone, but
later realized that the flooded areas led to new concerns for the safety of their cattle and
children [71]. Problems such as these have added to the very clear failures of the Pak Mun
Dam [20]. Most recently, Baird et al. [10] have demonstrated that the Pak Mun Dam has
also negatively impacted fisheries in Mun River tributaries not originally considered to
have been in the dam’s area. It is now, however, known that the Pak Mun Dam blocks the
migrations of a number of large and small long-distance migratory fish species from the
Mekong River that previously migrated up the Mun River and then its tributary, the Sebok
River. For example, fishers from Thalat village, on the Sebok River, reported that a number
of species of fish that they used to catch each year have now mainly disappeared.
Currently, the Pak Mun Dam opens at various times during the rainy season between
June and September, well after migratory fish would normally make their way up the Mun
River at the beginning of the rainy season in May or early June [78]. There have been calls
for opening the sluice gates for the dam year-round or, at the very least, when migratory
fish begin to move upriver during the beginning of the rainy season. In 2004, the sluice
gates were opened for four months beginning in May as villagers requested. However, after
a military coup ended the Thaksin Shinawatra government in 2006, the gates have been
opened inconsistently, following the political will of those in power [78]. Issues related
to compensation for fish losses and resettlement remain unresolved. The experiences of
communities in the lower Mun River Basin led to opposition of a proposed dam on the
Songkhram River—now the last free-flowing tributary of the Mekong in northeastern
Thailand [79].
Without fish, along with other societal changes, younger generations have stopped
fishing and turned to other means to support their families. This has led to a loss of
knowledge transmission. Knowledge about fishing gears and the harvesting of aquatic
resources has been lost, as there are fewer people to carry on livelihoods associated with the
river, resulting in the loss of important elements of local culture and identity [80]. In many
villages, only the elderly and young children remain.
2.4. Chiang Rai/Bokeo Mainstream Mekong Area
In the northern reaches of the Mekong River Basin, China’s Wunonglong, Lidi, Huangdeng, Dahuaqiao, Miaowei, Gongguoqiao, Xiaowan, Manwan, Dachaoshan, Nuozhadu,
and Jinghong dams along with Laos’ Xayaburi Dam have been quite controversial. While
many of the social and environmental impacts of these dams occur in the upper basin in the
immediate vicinity of the dams, it is important to examine their short- and long-distance
downstream impacts. China currently has 11 operational dams on the Lancang River.
Some are run-of-the-river dams, and some have large reservoirs and significant water
storage capacity (Figure 4). The average annual discharge of the Mekong is estimated
at 475 km3 [81]. The Nuoxhadu and Xiaowan Dams alone combine to store 37.5 km3 of
water, approximately 8% of the total average annual discharge of the river, and a much
larger proportion of the amount of water that comes from the upper basin [82]. In that
China’s largest Lancang dams regulate water to maximize profits from power generation,
the holding back of such large volumes of water at certain times of year has had calamitous
effects on downstream riparian communities. Cambodia and Vietnam, for example, have
expressed concerns over silt that may be trapped behind the Lancang dams. Such silt
deposits are critically important for the agricultural productivity and fisheries in the Tonle
Sap lake–river system [83]. Despite the fact that the Mekong is a shared resource flowing
through several Southeast Asian countries before emptying into the South China Sea, China
considers water originating in China to be the sovereign property of China, rather than
a resource to be shared with downstream countries [31]. This is not surprising, as China
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While China and Laos would like to think of the upper Mekong as a national comThe Lancang dams (or Lancang Cascade) in the upper Mekong has caused considermodity [30,84], the reality is that the entire Mekong basin is crucially important for the
able controversy for China. Socioeconomic and cultural impacts caused by human resettlebiodiversity of the region and the local economies and the food security circumstances in
ment that followed construction of the Lancang dams have been well documented [85–87].
the downstream countries. China’s unwillingness to fully cooperate with members of the
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Unexpected and extreme changes to water levels downstream have been attributed wholly
or in part to the construction of mainstream Mekong dams in China [31]. Changes such
as these are affecting local livelihoods as well as food security for downstream riparian
communities and have resulted in various civil society concerns [88]. Beyond the social
impacts, unseasonal and sudden releases of water can cause shocks to the life cycles and
migratory patterns of fish and birds [31]. Disruptions to river hydrology; unseasonable
and sudden releases or constraint of flow; and accentuation of periods of low precipitation,
run-off, and drought have led to multiple serious impacts for communities in the Golden
Triangle area of Laos and Thailand. This includes riverbank erosion; loss of homes and
riverbank gardens; loss of access to water for drinking and agriculture; loss of harvest
of aquatic resources including fish, shrimp, and edible algae; and disruption of fish migration and spawning triggers, reportedly leading to declines in fish populations. These
disruptions to the river’s natural hydrology could be ameliorated by environmental flows,
which relate to water releases from China’s mainstream Mekong dams, that more closely
resemble historical hydrological patterns. Given the changes in the hydrological regime
in the lower Mekong region, greater consideration needs to be given for the downstream
transboundary impacts of hydropower projects in China.
Apart from China, Laos has its own ambitions for dam-building on the mainstream
Mekong. According to Hirsch [21], “the Lao government in particular sees no reason why
it should hold back on developing a shared river when an upstream country is already
doing so.” Indicative of this, on 29 October 2019, Laos’ 1285 MW Xayaburi Dam officially
began operations. Its construction, beginning in 2012, was met with considerable criticism
from both environmentalists and human rights groups. Since the dam’s completion,
clear blue waters have been observed downstream from the dam, indicating the river’s
absence of nutrients and sediments crucial for aquatic life [89]. The severe rising and
falling of water levels in the river, negatively impacting fisheries, also has implications for
food security downstream. The project’s Environmental Impact Assessment (EIA) failed to
adequately address fish biodiversity losses or the dam’s impacts on local livelihoods [90,91].
An independent assessment, conducted the same year as the project’s EIA focused on
migratory and rare fish, concluded that, “all available evidence suggests that the Xayaburi
Dam will have serious negative impacts on the migratory and imperiled fish of the lower
Mekong River, and may drive the Mekong’s two largest freshwater fish species, the Mekong
giant catfish (Pangasianodon gigas) and the giant pangasius catfish (Pangasius sanitwongsei)
to extinction” [92]. Given the available evidence presented, the project’s EIA was clearly
overly limited in scope and deficient in various ways. Wyatt and Baird [15] detail similar
deficiencies in assessments at the Yali Falls Dam. However, despite controversy and
resistance, Laos has aspirations to build even more dams on the mainstream Mekong
River within its borders, including the Pak Beng Dam, the Luang Prabang Dam, and the
Sanakham Dam.
While China and Laos would like to think of the upper Mekong as a national commodity [30,84], the reality is that the entire Mekong basin is crucially important for the
biodiversity of the region and the local economies and the food security circumstances
in the downstream countries. China’s unwillingness to fully cooperate with members of
the Mekong River Commission (MRC) has proven to be detrimental to the efficacy of the
organization. Like China, Laos has shown a desire to act unilaterally when it comes to
dam-building on the Mekong. However, unlike China, Laos is a member of the MRC and
“needs to temper expressions of sovereignty over the river within its own borders with an
adherence to procedures for prior consultation agreed to for projects with potential transboundary impacts” [21]. The uneven power geographies here are also important to consider.
A number of scholars have explored the relationships between national and regional governments, non-governmental organizations, private hydropower companies, and local
actors in the Mekong River Basin, finding that the social dimensions of hydropower development schemes are often overlooked or given inadequate consideration, especially with
regards to resettlement, compensation, and the livelihoods of local peoples [27,86,87,93,94].
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3. Discussion
All four of the above case studies illustrate the importance of thinking about the different and expansive geographies of hydropower dams in the Mekong River Basin, especially
those related to cumulative social and environmental impacts [95–97]. These dams have
disrupted the hydrology of the Mekong River and its tributaries. Unseasonal changes to
water levels, flow rates, and turbidity are having ecologically negative synergistic effects,
not only on areas immediately nearby these hydropower projects, but also on places many
km away in neighboring countries. These impacts are compounded with each new dam
constructed, further stressing the hydrology of the river and its tributaries, the biological
life it supports, and the peoples’ dependence on it for their livelihoods. Adding to the complexity of these geographies are those related to decision-making and energy production,
energy transfer, and consumption processes that often transcend national borders and have
uneven repercussions for local peoples.
Following the World Commission on Dams report in 2000 [20], hydropower development lost considerable international support. However, hydropower has seen a resurgence
in recent years. To meet the needs of urbanization and development, as well as climate
change mitigation, hydropower energy is now seen by some as a suitable alternative to fossil fuels [98]. Hydropower development, particularly in the developing regions of southern
China and Southeast Asia, is thus being once again viewed by some as a viable answer to
meet the growing demand for energy. Framed as “clean” and “green”, hydropower development has captured the attention of funding institutions such as the Asian Development
Bank, the World Bank, various private banks, national government in Asia, and private
corporate investors [99]. Climate change mitigation has certainly captured the imagination
of hydropower developers and hydropower-developing nations. In particular, the Clean
Development Mechanism (CDM), first introduced under the 1997 Kyoto Protocol, has
become a popular way to fund hydropower development in the region [34,99]. However,
market prices for carbon credits have fallen dramatically, making it uneconomical for newer
dam projects such as the LS2 in Cambodia to apply for CDM funding [34]. Despite the
perceived benefits that hydropower dams provide, global hydropower development has
proven socially and environmentally disastrous [20,31,93,95]. Studies have shown that
hydropower would contribute less than 50% of the world’s electricity demands even if the
entire technically feasible hydropower potential of the world’s basins were exploited [100].
It should be of considerable concern that many national governments in the Mekong River
Basin have focused on hydropower development and have utilized climate change mitigation, when convenient, to rationalize dam development. In reality, gross greenhouse gas
emissions from dam reservoirs, dam construction, and subsequent land use and livelihood
changes can be higher than thermal alternatives in tropical and boreal regions [20,99]. As a
growing number of governments subscribe to the “greening” of hydropower, it is evermore
necessary to consider regional cooperation in critiquing the role of dams in climate change
mitigation. Other alternatives, such as solar and wind power, make a lot more sense,
economically, socially, and environmentally [101–104].
The particular seasonal hydrological changes that have historically occurred in both
the mainstream Mekong and its tributaries are ecologically important for the sustainability
of aquatic life. They create various fish habitats from deep water pools to flooded forests [3].
Hydropower dams along the length of the Mekong River and its tributaries are, however, severely disrupting these hydrological patterns and sediment transfers. Restoring
these flows would have a significant positive impact on downstream ecosystems [105].
As discussed above, China’s Lancang cascade of dams have already altered the river’s
natural hydrology [106–110], impacting both aquatic species dependent on certain habitats
and seasonal changes to the river for migration and spawning [10,57]. The second author
has observed that some flooded forests along the mainstream Mekong River in Stung
Treng Province are no longer being exposed to the air for at least part of the year and
have thus died. Severe droughts and floods are also associated with changes to the river’s
hydrology, impacting local peoples dependent on the river and its tributaries for food and
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their livelihoods. It is clear that site-based impact assessments of hydropower projects are
insufficient, as dams often have basin-wide impacts. As such, cumulative impacts need to
be considered much more carefully.
The impact on the 65 million people who rely on the Mekong and its tributaries for
food and their livelihoods can no longer be overlooked. Hydropower dams block fish
migrations and negatively affect fisheries downstream, consequently impacting fisheries,
food security, and the health of people throughout the basin [3]. For the many riparian
communities living along the Mekong River and its tributaries, hydropower dams are
leading to continued losses of fish and fisheries, riverbank gardens, ecotourism opportunities, and fertile land for agricultural cultivation. Fisheries losses alone could amount to
USD 500 million per year, equivalent to the total average annual income of hundreds of
thousands of households in the region [111–114]. By 2040, the decline of fisheries could
cost almost USD 23 billion [115]. Moreover, the livelihood geographies of people in the
basin are being dramatically affected. Indicative of this, there is already much evidence of
outmigration from the Khone Falls area [62] and from the Mun River communities [79] to
seek waged labor in urban areas. Such outmigration impacts various groups in different
ways. Brown et al. [87] detail the impacts related to China’s ethnic minorities’ difficulties in
seeking waged labor due to inadequate language and technical skills. Related disruptions
to social networks, economic opportunities, and other cultural impacts as a result of resettlement have also been studied [41,86]. Around the Tonle Sap Lake, a region of historically
bountiful fish catches and high per capita rates of fish consumption, communities are
shifting to harvesting mollusks and to cultivating small-scale agriculture as fish stocks
decline. Such impacts on food and economic security are rarely considered beyond the
immediate areas of hydropower dam project sites [29]. Therefore, dam developers and
national governments need to better address the wider geographies of already existing and
future dam development.
The process of constructing a hydropower dam is certainly complex and geographically expansive. As we have argued, dam developers and governments in the Mekong
River Basin need to consider both local and basin-wide impacts. This can be difficult as
national interests often outweigh impacts incurred by upstream and downstream neighbors, as was clearly evident in the case of the Yali Falls Dam [15]. In the Mekong River
Basin, dam sites are often situated in remote areas while the energy produced from them is
consumed in urban areas both within national boundaries and in neighboring countries.
The geographies of hydropower energy production and consumption, and the linkages
between them, are thus important for understanding the unevenness that such linkages
assemble. Magee [19] and Hennig et al. [116] conceptualize hydropower dam geographies
as “powersheds” in order to illustrate the uneven costs and benefits and linkages between
resource-rich Yunnan Province and the highly urbanized Guangdong Province in need
of hydroelectric power. Similarly, Baird and Quastel [105] have used a political ecology
approach to examine the linkages between Bangkok’s (Thailand) air conditioning usage,
fluctuating water releases from the Nam Theun 2 Dam, and the changing hydrology of
the Xe Bang Fai River in Laos. Examples of such processes and connections expand the
geographies of impacts beyond localized dam sites. Understanding these geographies can
be critically important for addressing the unevenness of injustices that these geographies
oftentimes produce.
4. Conclusions
Although it has long been recognized that hydropower dam development in the
Mekong River Basin has the potential to cause serious social and environmental impacts,
including impacts far away [3,48,49,58,117], there is mounting evidence suggesting that
insufficient attention is being paid to the cumulative and large-scale impacts on fish
species, people, and places that are adversely affected by dams. Illustrative of this, Green
and Baird [28] have recently argued that the spatial extent of impacts has often been
underestimated in practice, including with regard to the Pak Mun Dam in northeastern
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Thailand; the LS2 Dam in northeastern Cambodia; or the Sambor Dam, which has been
proposed for the mainstream Mekong River in northeastern Cambodia.
It is clearly crucial to consider the geographies of the social and environmental impacts
of dam development in the Mekong River Basin and to seriously evaluate the winners and
losers of such projects, including beyond national borders, as those who are losing out have
much less influence and wealth than those who are benefiting from hydropower dam development. In particular, we need to more critically assess the transboundary and cumulative
impacts of dams on biodiversity and fish migration, as well as on those communities most
negatively impacted by these projects. Consideration of such expansive geographies in
the Mekong River Basin will serve to inform other basins of potential impacts. The Congo
River and Amazon River Basins, too, have seen similar impacts—reduced water downstream flows, displaced populations, and deforestation [117]. In addition, we need to
strengthen and expand extraterritorial regulations and enforcement bodies charged with
social and environmental assessments [46]. A new tool for monitoring the Mekong River
Basin and environmental impacts is an open-source online platform called the Mekong
Dam Monitor (https://www.stimson.org/project/mekong-dam-monitor/), which makes
available various data on the Mekong for scholars, policy makers, and citizens. While
information may be a first step, strengthening regulatory and enforcement bodies such
as the MRC are also important, albeit a more difficult step. Regional interests need to be
taken more seriously in national hydropower development processes. As climate change
is a very present reality, it has the potential to serve as the axis around which riparian
countries can gravitate, resulting in thinking about the serious social and environmental
impacts that hydropower development is having in the basin. In any case, before any of
these measures are likely to be taken seriously, we have to better understand the expansive
geographies of the social and environmental impacts of hydropower dam development in
the Mekong region.
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