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Mekong hydropower: drivers of change and
governance challenges
R Edward Grumbine1,2*, John Dore3, and Jianchu Xu4,5
The Mekong River is the longest watercourse in Southeast Asia. Although China has an extensive hydropower
program underway on the Upper Mekong, as yet there are no dams on the river’s lower mainstream. However,
as many as 12 additional projects, which would generate substantial energy and wealth especially for Cambodia
and Laos, are currently in the proposal stage for the Lower Mekong (LM). The cumulative effects of the LM
hydropower projects – if built, and together with existing Chinese dams – will transform the Mekong by altering natural flow patterns and disrupting fisheries and other ecosystem services, to the detriment of the millions
of people who depend on the river for their livelihoods. Proposals for new dam construction are driven by
several factors, including changing human demographics and development needs, energy and food security
concerns, economic cooperation, and climate change. We link these social, ecological, economic, and political
forces to ongoing regional governance issues and discuss how to improve the quality of Mekong hydropower
decision making in a complex, transboundary setting.
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A

s it flows through Cambodia, the Lao People’s
Democratic Republic (hereafter Laos), Thailand,
and Vietnam, the Lower Mekong (LM) River remains one
of the world’s last great stretches of undammed river. Since
the 1990s, however, China has developed extensive
hydropower infrastructure along the Upper Mekong (UM)
River, with 17–19 projects in operation, under construction, or under consideration (Magee 2012). Downstream of
China, much development is taking place along the

In a nutshell:
• The Mekong River is under intense development pressure,
with multiple upstream dams under construction and downstream dam proposals that, in combination, would dramatically alter ecosystems and human livelihoods
• Major drivers (eg demographics, human development, water
and food security, economic integration, climate change) and
other factors (eg new dam financiers, inadequate governance,
sectoral decision making) create momentum for new Mekong
hydropower projects
• Impact assessments in the region are often focused solely on
the country that carries them out, upstream and downstream
impacts are not considered cumulatively, and ecological and
social factors are often downplayed
• More deliberative water governance could improve decision
making by contributing to more informed national and transboundary negotiations
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Mekong’s tributaries but, as yet, there are no hydropower
projects on the mainstream. However, these LM countries
are now exploring their options, with up to 12 mainstream
projects under consideration. These would generate substantial energy and wealth, especially for Cambodia and
Laos, while also making dramatic changes to the river itself.
Proposals for LM mainstream hydropower projects have reemerged in the past decade, encouraged by rising regional
power demand and enabled by the increasing number of
existing and planned Chinese dams along the UM. These
current and upcoming projects will change river flows at the
same time as new sources of investment capital and associated
prospects for substantial profits incentivize the dam-building
industry that is already active on Mekong tributaries.
In September 2010, the Laotian government advised the
Mekong River Commission (MRC) – an intergovernmental organization that was created to coordinate water
resources development between LM countries – of its
desire to build the Xayaburi Dam, the first of the proposed
projects for the LM mainstream (Figure 1). A series of
dams along the LM will exacerbate changes to natural flow
patterns that already occur as a result of dam building in
China. Substantial disruption to fisheries, as well as negative implications for the millions of people who depend on
the Mekong River for their livelihoods, is likely. However,
our understanding of the Mekong ecosystem is far from
complete. For example, landings from the multispecies
inland freshwater capture fishery are estimated at 2.2 million metric tons per year (Hortle 2009), but it is unclear to
what extent the estimated catch is dependent on the LM
mainstream channel remaining unobstructed (KG Hortle
pers comm). Moreover, little is known about designing fish
lifts and ladders that would be appropriate for the diversity
and magnitude of the fishery (Dugan et al. 2010).
In this paper, we highlight the primary drivers of change
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(China and Myanmar); the remaining 82%
comes from the LM countries (MRC 2010).
However, these summary data conceal important nuances. For example, 30% of dry season
flows originate from the UM. Key features along
the length of the Mekong include: numerous
tributary rivers; Cambodia’s Tonle Sap, the
largest freshwater lake in Southeast Asia, which
is critical to Cambodian food security; one of
the major freshwater capture fisheries in the
world; acclaimed biodiversity and cultural values; and the Mekong delta, the primary rice
growing area of Vietnam, the world’s second
largest exporter of the grain. About 60 million
people live within the Mekong River Basin
(MRC 2011a) in LM countries, with about
another 10 million residing in the UM, mostly
in Yunnan Province.
While new scientific research can resolve many
technical issues, there remain “many ‘Mekongs’ –
river, basin, and various regional framings” (Dore
and Lebel 2010). Likewise, the waters provide a
range of vital benefits: drinking water, freshwater
food supplies, biodiversity hotspots, agricultural
irrigation, and industrial uses.

n Interconnected drivers of change

Figure 1. Map of hydropower projects in the Mekong Basin.

in the LM. Focusing on hydropower, we link these forces to
a general assessment of basin governance. Finally, we discuss
specific actions for improving the quality of hydropower
decision making in both the upper and lower Mekong Basin.
We wish to encourage more informed and collaborative
water governance by Mekong countries, while they simultaneously pursue improvements in livelihoods, maintenance
of ecological functions, food production, and energy supply.

n Many Mekongs
The Mekong River – the eighth largest river in the world in
terms of mean annual discharge (475 km3) – is at the heart
of the debate over water resource development in Southeast
Asia. The river begins on the Qinghai-Tibetan Plateau in
China and flows almost 2200 km through Qinghai, Tibet,
and Yunnan Provinces – where it is called Lancangjiang in
Chinese. The river then winds for an additional 2700 km
through Myanmar and the LM countries (Cambodia, Laos,
Thailand, and Vietnam) before emptying into the South
China Sea (Figure 1). On average, 18% of the river’s mean
annual water discharge originates in the UM countries
www.frontiersinecology.org

Both the LM and the wider region are changing
rapidly, and there is much uncertainty associated with the complex interplay of the major
drivers along the entire Mekong, including
demographic shifts, human development needs,
energy and food security concerns, increasing
investment and trade, and climate change.
Demography

Three demographic trends stand out in the LM countries:
population growth, the large cohort of young people, and
migration from rural to urban areas. Even though the population growth rate in the region is falling, the four countries are projected to increase cumulatively by 33 million
people by 2025 (PRB 2010). This growth is set to continue well into the future, as about 30% of the population
of LM countries are 15 years old or younger (PRB 2010).
Furthermore, the ongoing movement – from rural to
urban areas – of people seeking work means that an additional 17 million or so will likely be living in LM cities by
2025 (Figure 2; UNESCAP 2009). Taken together, these
trends will increase pressure on states to provide assistance
with employment, education, energy, and water resources.
Human development

The Mekong River flows through a region characterized
by high poverty and limited development. Much pro© The Ecological Society of America
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gress has been made, as regional
poverty levels (defined as earnings of
less than US$1.25 per day) fell from
48.4% in 1990 to today’s average rate
of about 19% (CIA 2010; PRB 2010).
However, about 21% of LM residents
do not have access to clean water,
and over 30% do not use closed sanitation systems. The governments of
the LM countries spend less on education than the average across other
countries in Asia, while health care
expenditures are even lower (UNDP
2010). Investment in upland areas is
disproportionately lower than that in
the lowlands. Combined expenditures to meet UN Millennium
Development Goals, such as providing clean water and sanitation and Figure 2. Bangkok, Thailand – the ultimate destination for much of the hydro-energy
improving education standards, have produced along the Mekong River.
never been tallied in the wider
twice that of the world’s average (CIE 2010). However,
Mekong region.
governments and multilateral development banks must
now focus not just on increasing the flow of goods but also
Food security
on the types of goods that are produced and how they are
Against this backdrop of population and development produced, as well as on who benefits and who is vulnerable.
issues, regional food demand is expected to double by There are also questions about the extent to which new
2050 (FAO 2010). Three factors bear on this projection. economic development, including additional hydropower
First, there is decreasing investment in traditional agri- projects, may further impair the provision of ecosystem
culture, as well as a substantial reduction in agricultural services, upon which other measures of prosperity depend.
lands under irrigation, mainly as a result of the catastrophic impacts of the 2010 drought (Qiu 2010; FAO Climate change
2011). Second, farmers across the wider Mekong region
are moving, or are being directed by governments, away While degrees of uncertainty characterize all of the forces
from subsistence farming and toward plantation agricul- for change discussed above, climate change is the “wildture (rubber, biofuels, and other cash crops). Incomes are card” driver in the LM. By 2050, projected regional impacts
rising, but these changes have ecological implications; of climate change include decreasing overall water availmonocultures threaten biodiversity, reduce total carbon ability, increasing temperatures and flood likelihood,
biomass, and deplete groundwater (Ziegler et al. 2009). decreasing food production capacity, and rising sea level in
Farmers are increasingly subject to fluctuations in global the Mekong delta (Cruz et al. 2007; Mainuddin et al. 2010).
commodity prices, and this leads to a third factor: market Specific impacts will vary by location (Kingston et al.
volatility. In 2010, food-price inflation prevented some 2011). Extreme events such as droughts – together with
20 million people in the Asia Pacific region from escap- impacts resulting from land-use change (eg rubber plantations) – are already contributing to cumulative effects on
ing poverty (UNESCAP 2011).
watershed streamflow (Guardiola-Claramonte et al. 2010;
Qiu 2010). Regional rice production may decline sharply
Economic investment and trade
(Rerkasem 2011), and sea-level rise could submerge
Since 1992, the main strategy adopted by governments in 19–38% of Vietnam’s Mekong delta, which currently prothe Mekong region in reaction to the issues outlined above duces 25% of the country’s gross domestic product or GDP
has been to pursue economic linkages, connect infrastruc- (Thuan 2011). Climate change may also trigger technoture, and promote cross-border trade and collaborative logical innovation in the hydropower sector; for example,
responses to social and environmental problems. Up to there is potential in pumped storage hydropower to better
early 2010, the Asian Development Bank and its partners manage increased climatic variability (Pittock 2010). Until
had allocated US$11 billion for investment in roads, rail, recently, however, LM dams have been planned under the
shipping ports, hydropower, and transmission lines, with a assumption that baseline water flows will remain unfocus on three cross-border economic corridors. Con- changed, with limited consideration of models that comsequently, from 1999–2008, regional economic growth was bine hydropower impacts with future climate projections.
© The Ecological Society of America
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2010). Finally, there is little deliberative governance in the region, where
various stakeholders come together to
discuss issues and debate competing
claims. Instead, public policy decisions
are often taken that serve narrow economic interests without seeking substantive input from those segments of
society that will be most affected. As a
result, high-quality, integrated assessments and associated deliberative
processes involving stakeholders are
still the exception rather than the
norm (Grumbine and Xu 2011).
However, in response to the 12
proposed LM mainstream projects,
the MRC commissioned a Strategic
Environmental Assessment (SEA) to
Figure 3. Jullien’s barb (Probarbus jullieni), one of several migratory fish species assess their associated cumulative
common near the proposed Xayaburi Dam.
impacts, costs, and benefits (ICEM
2010). The SEA portrays the projects
Taken together, these large-scale drivers certainly influ- as having major benefits but also substantial costs. If all
ence development (including hydropower) in the LM projects were to proceed, they could generate 6–8%
Mekong region, though there may be few precise causal (~65 terawatt-hours [TWh] per year) of the projected
connections to any specific project. If regional population power demand (~325 TWh per year) in LM countries by
growth were flat, human development levels average, 2025. Gross income from hydropower generation could
food and water needs stable, economic growth static, and total US$3.7 billion per year. Operators and investors
climate impacts projected to be beneficial, then there (including governments) would garner most of this
would be less pressure to build dams to solve some aspects income during the first 25 years of dam operations. Laos
of these problems. However, none of these are true for the and Cambodia, two of the poorest countries in the
Mekong region.
Mekong region, could gain annual income equivalent to
some 18% and 4% of their 2009 GDP, respectively.
The risks to livelihoods and food security posed by these
Hydropower
expansion
and
the
Xayaburi
Dam
n
12 hydropower projects would also be very high. More
The scale of Mekong hydropower expansion makes it a crit- than 100 000 people would need to be resettled, and a furical driver of change in the LM in its own right, whereas the ther 2.1 million would be at high risk of indirect, negative
proposed Xayaburi Dam project highlights several more impacts, such as diminished river-bank agricultural and
specific drivers of change in action. First, the governments fishing opportunities (Barlow et al. 2008). Dams would
of LM countries are recognizing increased opportunities to turn more than half of the length of the main river chanproceed with large-scale development because of their nel into reservoirs characterized by slow-moving water
decreasing dependence on multilateral funding provided by conditions, thereby increasing the risk of water-borne
international institutions, such as the World Bank and the diseases like schistosomiasis and opisthorchiasis (Andrews
Asian Development Bank. This is due to a combination of and Sithithaworn 2011). Despite the migratory nature of
factors, including greater national creditworthiness, many Mekong fish species (Figure 3), only three of the
improved regional relations, and an associated willingness proposed dams currently incorporate fish ladders, none of
among private financiers to supply capital (Middleton et al. which, according to fisheries experts, are likely to be ade2009). So far, most private hydropower investors have quate for local species (Dugan et al. 2010). In addition,
demonstrated limited commitment to environmental existing and planned mainstream dams in China would
review, mitigation, or human livelihood safeguards, though have the largest impact in terms of decreasing sediment,
this is slowly changing. Second, although there are con- given that more than 60% of the Mekong’s suspended sedisiderable differences between individual countries, in gen- ment load originates from this part of the river. Models
eral, all LM countries have substantial room for improve- project that at least 50% of total basin sediment load will
ment in filling knowledge gaps and in implementing legal be trapped annually by the Chinese dams (Figure 4;
regimes and other public policies. Compliance with Kummu et al. 2010). Proposed dams in the LM would trap
national environmental regulations is not always enforced, even more sediment, with substantial negative impacts
and current transnational private-sector protocols are expected in Cambodia (including within the entire Tonle
mostly advisory, non-binding, and experimental (Foran Sap system) and parts of the Mekong delta in Vietnam.
www.frontiersinecology.org
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Thus, the SEA team concluded that
the immensity of risks was beyond the
current capacities of regional governments to address, and recommended
deferring all LM mainstream dam
building for at least 10 years (ICEM
2010). However, the SEA is for informational purposes only and is not
binding on decision makers.
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n Transboundary water

The MRC acts on behalf of LM governments through the 1995 Agreement on the Cooperation for the Sus- Figure 4. Jinghong Dam on the Lancang–Mekong mainstream in Yunnan Province,
tainable Development of the Mekong China.
River Basin to “cooperate…in the
sustainable development of the Mekong River basin…in are rarely released for public scrutiny. Finally, the MRC
a manner to optimize…benefits…and to minimize harm- facilitated discussions between LM countries about Laos’
ful effects” (MRC 1995). The Agreement was an impor- proposed Xayaburi Dam. External pressure for disclosure
tant milestone in LM water governance and, since the was very high, and by the end of the designated period,
1990s, the MRC has negotiated other integrated river sufficient information had been shared for the MRC to
release a high-quality advisory report (MRC 2011b).
basin management policies to guide its operations.
Consequently, the MRC’s Joint Committee of agency
Yet, for much of its existence, the MRC has been marginalized by its member states from major basin develop- leaders decided, in April 2011, to send Laos’ proposal to
ment decision making. At the same time, it is often criti- the ministerial level. This decision was no surprise,
cized by non-governmental organizations and civil because there had already been numerous bilateral meetsociety for not being responsive to human livelihood con- ings between the countries, during which the Xayaburi
cerns, nor to demands for a more transparent and partici- project had been discussed. Nevertheless, “preparatory”
patory decision-making process (Dore and Lazarus 2009). work has continued, with at least the dam developer gamMuch of this criticism is due to negotiated elements of bling that permission to proceed will eventually be given.
An MRC Xayaburi working group has been convened
the 1995 Mekong Agreement and subsequent Procedures
and Guidelines for action. Member states have, until under the auspices of the Procedure for Notification, Prior
now, been able to discount the work of the MRC when it Consultation and Agreement (PNPCA), which is
served their interests to do so. This, in combination with designed to ensure that MRC countries engage in informed
the major and more specific change drivers discussed “prior consultation” about any proposed water use that may
above, has resulted in underdevelopment in the Mekong have major impacts on water quality or flow regimes along
region of well-known elements for effective transbound- the Mekong (MRC 2003). Neither the 1995 Mekong
ary cooperation – trust, converging interests, strong Agreement nor the subsequently negotiated PNPCA proregional identity, government institutions, and a vibrant vides a right to veto or a unilateral right to “use”– in this
civil society (Hirsch and Jensen 2006; Sneddon and Fox case, to build and operate a hydropower project that will
likely have transboundary impacts. However, signatories
2007; Molle et al. 2009b).
Nevertheless, there are prospects for improvement in are bound to consult with each other and take into
transboundary water governance in the LM, as much account each others’ interests in the pursuit of equitable
recent effort has been put into allowing the MRC to play and reasonable utilization of the Mekong’s water resources.
If Laos is unable to reach agreement with its neighbors, the
a more prominent role in decision making. Three actions
have been particularly noteworthy. First, in April 2010, country may yet choose to go ahead with the Xayaburi prothe inaugural MRC Summit was convened, which ject (and other, similar developments; Figure 5). The decibrought together the Prime Ministers of Cambodia, Laos, sion regarding the Xayaburi Dam will either represent the
Thailand, and Vietnam with high-level representatives initiation of high-impact LM mainstream hydropower develfrom China and Myanmar. This Summit succeeded in opment or lead to a postponement of such development, as
giving the MRC greater legitimacy. Second, the SEA recommended by the SEA. Either way, further studies that
raised the MRC’s profile in terms of information produc- will contribute to more integrated transboundary river basin
tion and debate facilitation. Subsequently, the organiza- understanding and management will be performed.
The SEA for all mainstream dams and the first impletion gained the necessary political traction to complete
this work, a signal achievement in a region where data mentation of the PNPCA for Laos’ Xayaburi proposal are
© The Ecological Society of America
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the subsequent negotiated Procedures
and Guidelines were the best outcomes
that could be agreed upon at the time
(Browder 2000; Radosevich 2010).
In the near term, as negotiations
continue, further data sharing and a
culture of pilot program experimentation employing more stakeholder dialogue need to be encouraged throughout the Mekong region. This could
include wider use of: the sub-basinfocused Rapid Basin-wide Hydropower
Sustainability Assessment Tool, which
supports river basin management by
providing a structured set of questions
to aid planning (MRC et al. 2010); a
new, multifaceted Sustainability Protocol from the International HydroFigure 5. Site of the proposed Xayaburi Dam on the Mekong mainstream, Laos.
power Association, which assesses project performance in planning, conimportant steps. The next step will be to build on these struction, and operation phases (IHA 2010); and enviprocesses, to better ensure that high-quality impact ronmental flow assessments (Dyson et al. 2003) that proassessments are implemented for such projects in the vide opportunities for interdisciplinary, multi-stakeholder
future. To that end, the MRC has drafted a transboundary engagement (Lazarus et al. 2012). These will all require
environmental impact assessment framework that may more deliberative approaches to negotiation, given that
become a backbone of regional cooperation in the LM. stakeholders still have few opportunities to participate in
However, this new framework has yet to be approved. decision making in the region (Dore and Lebel 2010).
Despite its absence, in December 2011, ministers from
To support this process, we argue that it will be necesLM countries agreed that further studies would be under- sary to strengthen Mekong governance and knowledge
taken to clarify the potential transboundary impacts of networks across borders. Numerous opportunities for colthe Xayaburi Dam and other LM projects.
laboration exist, including risk management, benefit-sharing, alternative energy futures, power trading, quality
aspects of production and trade, improving livelihoods of
Improving
transboundary
governance
n
people affected by the project, multipurpose management
There are inextricable links between water, food, energy, of dams, and nuanced adaptation to climate change.
and all the drivers of change in the countries that share Formal intergovernmental cooperation is complemented
the Mekong River. Connections exist across different by the emergence of transboundary knowledge networks,
scales and sovereign state boundaries, and efforts to nur- such as the Mekong Program on Water, Environment and
ture trust-building between and within LM countries, as Resilience (M-POWER), which focuses on improving
well as between LM and UM countries, could turn envi- water governance through published research (Lebel et al.
ronmental and social risks into development and security 2007; Molle et al. 2009a; Lazarus et al. 2011), encouraging
opportunities. There are many specific transboundary dialogue between stakeholders and governments (IUCN
water governance actions that could further improve et al. 2007; Dore et al. 2010), and assembling independent
cooperative relations across the entire basin; here, we panels of experts (Sokhem et al. 2010). Experience from
highlight just a few.
other transboundary river basins has shown that national
The MRC must persist with efforts to help nations policy makers need to improve their capacity to better
negotiate water resource issues through joint exploration engage in transboundary/transnational policy analysis and
of specific development scenarios to quantify uncertain- integrated problem-solving (Howlett and Joshi-Koop
ties. In addition to the PNPCA, there are other proce- 2011); this is also true for the Mekong region.
dures that focus on data information and exchange,
There is also an essential need to establish or
water-use monitoring, real-time flood forecasting, main- strengthen genuine local engagement in “higher” level
tenance of flows along the river, and water quality. Some public policy making and monitoring. When transboundof this important work is hampered by ambiguity in the ary decisions impact water supply, food security, and other
1995 Mekong Agreement, where several terms – such as critical social goods and services that are difficult to
“significant tributaries” and “acceptable minimum flow” replace, affected citizens should be given the opportunity
– are poorly defined (MRC 1995). This ambiguity is due, to participate directly in decision-making processes
at least in part, to the fact that both the Agreement and (Folke et al. 2005; Arthur et al. 2011). This is necessary
www.frontiersinecology.org
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for Mekong decision making to advance toward a transboundary framework capable of addressing multiple ecological functions entwined with human livelihood goals
(Lemos and Agrawal 2006).
Progress is being made on many fronts – poverty reduction, power provision, food security, cross-border trade,
biodiversity protection, and climate-change adaptation –
in the Mekong region. Yet in an era of rising uncertainty
and declining resilience, each Mekong country must
understand that sovereign security increasingly depends
on cooperative environmental decision making. Hope for
the future of the Mekong lies with new definitions of
what constitutes “reasonable and equitable” utilization,
crafted within a context of informed regional diplomacy.

n Acknowledgements
Research funding for REG has been generously provided by
the Chinese Academy of Sciences Visiting Professorship for
senior international scientists (grant #2010T1S2). JD
acknowledges the support of Australian National
University’s Fenner School of Environment and Society.
The Mekong hydropower map was prepared by J Pontin
and M Gadeberg from the Challenge Program on Water
and Food’s Mekong team in Laos, with the assistance of M
Kummu from Aalto University, Finland. Finally, the views
expressed in this article do not necessarily reflect those of
AusAID or those of the Australian government.

n References

Andrews RH and Sithithaworn P. 2011. Opisthorchis viverrini: an
underestimated parasite in world health. Trends Parasitol 24:
497–501.
Arthur R, Friend R, and Dubois M. 2011. Fisheries, nutrition and
regional development pathways: reasserting food rights. In:
Lazarus K, Badenoch N, Dao N, and Resurreccion B (Eds).
Water rights and social justice in the Mekong Region. London,
UK: Earthscan.
Barlow C, Baran E, Halls AS, and Kshatriya M. 2008. How much
of the Mekong fish catch is at risk from mainstream dam development? Catch and Culture (Mekong River Commission) 14: 3.
Browder G. 2000. An analysis of the negotiations for the 1995
Mekong Agreement. Int Negotiation 5: 237–61.
CIA (Central Intelligence Agency). 2010. CIA World Factbook.
www.cia.gov/library/publications/the-world-factbook/index.
html. Viewed 15 Dec 2010.
CIE (Centre for International Economics). 2010. Economic benefits of trade facilitation in the Greater Mekong Subregion.
Canberra and Sydney, Australia: CIE.
Cruz RV, Harasawa H, Lal M, et al. 2007. Asia climate change
2007: impacts, adaptation and vulnerability. In: Parry ML,
Canziani OF, Palutikof JP, et al. (Eds). Fourth assessment report
of the Intergovernmental Panel on Climate Change.
Cambridge, UK: Cambridge University Press.
Dore J and Lazarus K. 2009. Demarginalizing the Mekong River
Commission. In: Molle F, Foran T, and Käkönen M (Eds).
Contested waterscapes in the Mekong Region: hydropower,
livelihoods and governance. London, UK: Earthscan.
Dore J and Lebel L. 2010. Deliberation and scale in Mekong
Region water governance. Environ Manage 46: 60–80.
Dore J, Robinson J, and Smith M (Eds). 2010. Negotiate: reaching
agreements over water. Gland, Switzerland: IUCN.
© The Ecological Society of America

Mekong hydropower
Dugan PJ, Barlow C, Agostinho AA, et al. 2010. Fish migration,
dams, and loss of ecosystem services in the Mekong Basin.
Ambio 39: 344–48.
Dyson M, Bergkamp G, and Scanlon J (Eds). 2003. Flow: the essentials of environmental flows. Gland, Switzerland: IUCN.
FAO (Food and Agricultural Organization). 2011. The state of the
world’s land and water resources for food and agriculture.
Rome, Italy: FAO.
FAO (Food and Agricultural Organization). 2010. The state of
food and agriculture in Asia and the Pacific region. FAO
Regional Office for Asia and the Pacific. www.fao.org/docrep/
010/ai411e/ai411e00.htm. Viewed 10 Feb 2011.
Folke C, Hanh T, Olsson P, and Norberg J. 2005. Adaptive governance
of social–ecological systems. Annu Rev of Env Resour 30: 441–73.
Foran T. 2010. Making hydropower more sustainable? A sustainability measurement approach led by the Hydropower Sustainability
Assessment Forum. Chiang Mai, Thailand: M-POWER.
Grumbine RE and Xu J. 2011. Mekong hydropower development.
Science 332: 178–79.
Guardiola-Claramonte M, Troch PA, Ziegler AD, et al. 2010.
Hydrologic effects of the expansion of rubber (Hevea brasiliensis) in a tropical catchment. Ecohydrology 3: 306–14.
Hirsch P and Jensen K. 2006. National interests and transboundary
water governance in the Mekong. Sydney, Australia:
Australian Mekong Resource Centre, University of Sydney.
Hortle KG. 2009. Fisheries of the Mekong River Basin. In:
Campbell IC (Ed). The Mekong: biophysical environment of a
transboundary river. New York, NY: Elsevier.
Howlett M and Joshi-Koop S. 2011. Transnational learning, policy
analytical capacity, and environmental policy convergence.
Global Environ Chang 21: 85–92.
ICEM (International Centre for Environmental Management).
2010. MRC strategic environmental assessment of hydropower
on the Mekong mainstream. www.mrcmekong.org/assets/
Publications/Consultations/SEA-Hydropower/SEA-MainFinal-Report.pdf. Viewed 31 Oct 2010.
IHA (International Hydropower Association). 2010. Hydropower
sustainability assessment protocol. http://hydrosustainability.
org/. Viewed 4 Jan 2011.
IUCN, TEI, IWMI, and M-POWER. 2007. Exploring water futures
together: Mekong Region waters dialogue. Report from
regional dialogue, Vientiane, Lao PDR, convened by The
World Conservation Union, Thailand Environment Institute,
International Water Management Institute, and the MPOWER water governance network. Bangkok, Thailand:
IUCN.
Kingston D, Thompson J, and Kite G. 2011. Uncertainty in climate change projections of discharge for the Mekong River
Basin. Hydrol Earth Syst Sc 15: 1459–71.
Kummu M, Lu XX, Wang JJ, and Varis O. 2010. Basin-wide sediment trapping efficiency of emerging reservoirs along the
Mekong. Geomorphology 119: 181–97.
Lazarus K, Badenoch N, Dao N, and Resurreccion B (Eds). 2011.
Water rights and social justice in the Mekong Region. London,
UK: Earthscan.
Lazarus K, Blake DJH, Dore J, et al. 2012. Negotiating flows in the
Mekong. In: Ojendal J, Hansson S, and Hellberg S (Eds).
Politics and development in a transboundary watershed: the
case of the Lower Mekong Basin. New York, NY: SpringerVerlag.
Lebel L, Dore J, Rajesh D, and Koma YS (Eds). 2007.
Democratising water governance in the Mekong Region.
Chiang Mai, Thailand: Mekong Press.
Lemos MC and Agrawal A. 2006. Environmental governance.
Annu Rev Env Resour 31: 297–325.
Magee D. 2012. The dragon upstream: China’s role in Lancang–
Mekong development. In: Ojendal J, Hansson S, and Hellberg
S (Eds). Politics and development in a transboundary waterwww.frontiersinecology.org

97

Mekong hydropower

98

RE Grumbine et al.

shed: the case of the Lower Mekong Basin. New York, NY:
Springer-Verlag.
Mainuddin M, Hoanh CT, Jirayoot K, et al. 2010. Adaptation
options to reduce the vulnerability of Mekong water resources,
food security and the environment to impacts of development
and climate change. Canberra, Australia: Water for a Healthy
Country National Research Flagship, CSIRO (Commonwealth
Scientific and Industrial Research Organisation).
Middleton C, Garcia J, and Foran T. 2009. Old and new
hydropower players in the Mekong Basin: agendas and strategies. In: Molle F, Foran T, and Kakonen M (Eds). Contested
waterscapes in the Mekong Region: hydropower, livelihoods
and governance. London, UK: Earthscan.
Molle F, Foran T, and Kakonen M (Eds). 2009a. Contested waterscapes in the Mekong Region: hydropower, livelihoods and
governance. London, UK: Earthscan.
Molle F, Lebel L, and Foran T. 2009b. Contested Mekong waterscapes: where to next? In: Molle F, Foran T, and Kakonen M
(Eds). Contested waterscapes in the Mekong Region: hydropower, livelihoods and governance. London, UK: Earthscan.
MRC (Mekong River Commission). 1995. Agreement on the
cooperation for the sustainable development of the Mekong
River Basin. www.mrcmekong.org/assets/Publications/agree
ments/agreement-Apr95.pdf. Viewed 12 Dec 2010.
MRC (Mekong River Commission). 2003. Procedures for notification, prior consultation and agreement. Vientiane, Laos: MRC.
MRC, WWF, and ADB (Mekong River Commission, World Wide
Fund for Nature, Asian Development Bank). 2010. Rapid
basin-wide hydropower sustainability assessment tool (RSAT).
Vientiane, Laos: MRC.
MRC (Mekong River Commission). 2010. State of the basin report
2010. Vientiane, Laos: MRC.
MRC (Mekong River Commission). 2011a. IWRM-based basin
development strategy for the Lower Mekong Basin. Vientiane,
Laos: MRC.
MRC (Mekong River Commission). 2011b. Prior consultation project review report for proposed Xayaburi Dam project –

Mekong River. Vientiane, Laos: MRC.
Pittock J. 2010. Better management of hydropower in an era of climate change. Water Alternatives 3: 444–52.
PRB (Population Reference Bureau). 2010. 2010 World Population
Data Sheet. www.prb.org/pdf10/10wpds_eng.pdf. Viewed 22
Jan 2011.
Qiu J. 2010. China drought highlights future climate threats.
Nature 465: 142–43.
Radosevich GE. 2010. Mekong River basin, agreement and commission case study. In: Dore J, Robinson J, and Smith M (Eds).
Negotiate: reaching agreements over water. Gland, Switzerland: IUCN.
Rerkasem B. 2011. Climate change and GMS agriculture. In:
Rayanakorn K (Ed). Climate change challenges in the Mekong
Region. Chiang Mai, Thailand: Chiang Mai University Press.
Sneddon C and Fox C. 2007. Power development and institutional
change: participatory governance in the Lower Mekong Basin.
World Dev 35: 2161–81.
Sokhem P, Gyawali D, Unkulvasapaul M, and Tuong TP. 2010.
Review of the Mekong River Commission’s basin development
plan programme. Phase 2. Vientiane, Laos: M-POWER.
Thuan NTH. 2011. Adaptation to climate change in rice production in Vietnam Mekong River delta. In: Rayanakorn K (Ed).
Climate change challenges in the Mekong Region. Chiang
Mai, Thailand: Chiang Mai University Press.
UNDP (UN Development Programme). 2010. Human development
reports. http://hdr.undp.org/en/countries/. Viewed 3 Feb 2011.
UNESCAP (UN Economic and Social Commission for Asia and
the Pacific). 2011. Rising food prices and inflation in the AsiaPacific region: causes, impact and policy response. Bangkok,
Thailand: UNESCAP Macroeconomic Policy and Development Division. Policy Brief Number 7.
UNESCAP (UN Economic and Social Commission for Asia and
the Pacific). 2009. Statistical yearbook for Asia and the Pacific.
Bangkok, Thailand: UN Publications.
Ziegler AD, Fox JM, and Xu J. 2009. The rubber juggernaut. Science
324: 1024–25.

Call for contributions to Frontiers’ latest series

Trails and Tribulations
Have you been following our fascinating series, Trails and Tribulations?
(See page 105 in this issue)
Do you carry out your research somewhere interesting, unusual, or exotic?
Have you had an amusing, exciting, or downright terrifying experience?
Did it make you think about your science in a different way? Did it provide
new insights or a better understanding of an important issue?
Please tell us about it!

Criteria: 1400 words; two photographs;
a maximum of five citations
For further information, contact:
Sue Silver (suesilver@esa.org)

www.frontiersinecology.org

© The Ecological Society of America

