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EXECUTIVE SUMMARY 
The objective of this working paper is to support transboundary cooperation towards minimizing 
uncertainties and risks from climate change in the Mekong Region. This is to be undertaken through 
management of hydropower projects on the Mekong-Lancang River and the main tributaries, with a key 
focus on extreme droughts and floods, and rapid water level fluctuations. This project contributes to the 
goals of the 2018 Phnom Penh Declaration and the Five-Year Action Plan (2018-2022) of the Mekong-
Lancang Cooperation (MLC) mechanism to enhance cooperation in the field of disaster prevention and 
mitigation, addressing climate change’s impact and strengthening cooperation on sustainable 
management and utilization of water resources.  

The working paper is based on a review of literature and case studies, interviews and consultations with 
key agencies, and using original analysis conducted by this assessment.  

The review of climate change studies shows that the Mekong-Lancang Region is one of the areas in the 
world that is most affected by climate change. This is already evident in the increased occurrence of 
extreme weather events in the region. These extreme events are further projected to increase in 
intensity and frequency under future climate scenarios. Large uncertainties in rainfall, river flows and 
water resources are also projected by these studies. All of this combined, poses major risks for the 
population living in the region and their economic and livelihood activities that would require both 
short-and long-term adaptation measures.  

While climate risks are increasing, rapid economic development continues apace in the Mekong-Lancang 
River Basin. Economic development has lead to an increased demand for energy. In response, the 
governments in the region have expanded hydropower capacity, in particular since 2010. At present, the 
largest hydropower developers in the basin are in China and Lao PDR. The basin has at least 64 
commissioned large hydropower projects as of 2018. The total water regulating capacity of these 
existing reservoirs is approximately 49,500 million m3, or about 10% of the annual flow of the Mekong-
Lancang River. These reservoirs could potentially contribute to climate change adaptation and provide 
an hydrological response for the management of extreme flood and drought events. 

A preliminary screening of the existing and planned hydropower reservoirs in the Mekong-Lancang River 
Basin found that reservoirs have highly varying capacities for flood management. A major challenge in 
mitigating floods through reservoirs in the Mekong-Lancang Region is that run-off generated by rainfall 
events are difficult to predict, and the amount of run-off that the rainfall events produce can be 
excessive. This brings a large element of unpredictability to flood management, which needs to be 
considered in flood management policies of reservoirs and for flood management strategy at both 
national and regional levels. This working paper presents case studies from Thailand, China and Lao PDR 
to illustrate how multipurpose dams have alleviated downstream floods and reduced flood peaks. 

Reservoirs also have the potential to improve water availability during dry periods and extreme 
droughts through controlled water releases. This potential, however, depends on several factors, such 
as reservoir storage size, inclusion of drought relief in the reservoir operation policy, and the likelihood 
of the reservoirs themselves suffering from water scarcity as the downstream areas. Recently, Mekong-
Lancang has experienced extreme drought in 2015-2016 and the hydropower reservoir operations in 
China and Lao PDR demonstrated an important role in drought relief to water supply, irrigation and 
navigation for the downstream countries including Thailand, Cambodia and Viet Nam. However, without 
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adequate coordination and notification, increasing the water level and flow by reservoir operations 
during the drought period can also cause adverse impacts on riparian population and economic 
activities, such as fisheries, riverbank agriculture and local business. 

The hydrological regime of the Mekong mainstream has remained relatively undisturbed until the period 
after 2010. This working paper analysed the water level fluctuations in the Mekong mainstream at 
Chiang Saen, Luang Prabang, Chiang Khan and Khong Chiam and found the Mekong’s water level 
fluctuation regime in 2014-2017 differed considerably from the fluctuation regime of 1960-1990. These 
changes in water level fluctuations are likely driven by several factors, including rainfall and dam 
operations which need further investigation. Hydropower operations often result in rapid water level 
fluctuations from power operations, navigation, opening and closing of spillway gates during floods, and 
sediment management operations. Hydropower plants adjust to changes in power demands by 
increasing or decreasing the water flow through turbines, which is called ramping, and it can result in 
rapid water level fluctuations. The possibility to adjust ramping rates depends on the operational design 
and targets of the hydropower project. Gradual and slower opening of spillway gates is likely to require 
advance planning and preparation for releases, and hydropower projects providing base load typically 
produce less downstream water level fluctuations than those providing peak load. 

Management of floods, droughts and rapid water level fluctuations through dams and reservoirs should 
be implemented as part of an integrated approach involving multiple policy and management fields. For 
example, hydro-meteorological monitoring and early warning systems, risk reduction, and development 
of adaptive capacity of vulnerable populations are essential elements of an integrated approach. 
Currently, the mainstream of the Mekong-Lancang River has an operational flood warning system, which 
is operated by the Mekong River Commission, but drought warning systems are not in place yet. The risk 
reduction and development of adaptive capacity should aim at reducing negative impacts by guiding 
development and activities to low risk areas and by disaster proofing populations and activities under 
risk. The management of floods and droughts through dams and reservoir has also its limitations and 
recognition of these limits are also a part of responsible flood and drought management. 

The following are the main recommendations of this working paper for adaptation measures to climate 
change uncertainty (i.e. extreme floods and droughts) and rapid water level fluctuations: 

Recommendation 1: Improve the accuracy and efficiency of the regional flood and drought monitoring 
and early warning systems for the extreme events through enhancing data sharing, such as the daily dry 
season flows and daily water releases from large hydropower projects on the Mekong-Lancang 
mainstream and tributaries, through existing regional mechanism such as Mekong-Lancang Cooperation 
(MLC), Mekong River Commission (MRC) and Joint Committee on Coordination of Commercial 
Navigation (JCCCN). Also, enhance hydro-meteorological observation networks and forecasting systems 
on the Mekong-Lancang mainstream and tributaries, and utilize high-resolution satellite data, to 
improve monitoring and early warning. 

Recommendation 2: Integrate sustainable hydropower development into climate change adaptation 
strategy and disaster management strategy, including flood and drought management programmes at 
the national and regional levels. Also, integrate climate change adaptation measures into the water-
food-energy nexus and sustainable hydropower planning and development to promote the appropriate 
design and multipurpose uses of hydropower projects for managing extreme floods and droughts.  

Recommendation 3: Develop education and public awareness-raising programmes on climate change, 
its impacts, and the role of hydropower in adaptation measures to minimize risks to vulnerable 
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communities. These efforts can be integrated  into the Five-year Action Plan on Lancang-Mekong Water 
Resources Cooperation (2018-2022) in the areas of IWRM and climate change adaptation and MRC 
Mekong Climate Change Adaptation Strategy and Action Plan (2021-2025) and national adaption 
strategy and action plans to enhance the capacity of communities to adapt and address current and 
potential impacts of climate change at the grassroots level.  

Recommendation 4: Conduct basin-wide joint studies through the MLC and MRC or bilateral 
cooperation on the following topics:  

• Evaluation of the capacity of existing and proposed hydropower projects in mitigating extreme 
floods and providing drought relief, and associated downstream transboundary benefits from 
flood and drought relief, including the capacity of hydropower projects and dam safety for 
adapting to climate change uncertainty 

• Management of rapid water level fluctuations and associated causes  

• Mechanism for data sharing during emergency situations related to extreme floods, droughts 
and rapid water level fluctuations 

• Extreme events, their transboundary socioeconomic impacts, and disaster risk management 

Recommendation 5: Develop joint operational guidelines/procedures based on national and 
international standards among the MLC members for the cascade of hydropower projects on the 
Mekong-Lancang mainstream and main tributaries for climate change adaptation and minimizing 
downstream transboundary impacts from extreme floods, droughts and rapid water level fluctuations 
through mainstreaming this recommendation into Five-year Action Plan on Lancang-Mekong Water 
Resources Cooperation (2018-2022) in the areas of IWRM and climate change adaptation and 
sustainable hydropower development and energy security and national policy on hydropower and water 
resources management.  

Recommendation 6: Support, promote and increase engagement of hydropower sector with 
responsible business practices and use of local knowledge of downstream communities to seek 
sustainable solutions for minimizing transboundary impacts and maximizing the benefits of hydropower 
development and operation through the existing regional mechanism such as MLC and MRC and the 
existing mechanisms at national level. 

Recommendation 7: Formulate a long-term regional capacity-building programme involving job training, 
and exchange workshops and forums into Five-year Action Plan on Lancang-Mekong Water Resources 
Cooperation (2018-2022) in the areas of IWRM and climate change adaptation and sustainable 
hydropower development and energy security and Mekong Climate Change Adaptation Strategy and 
Action Plan (2021-2025) to share good practices and lesson learned on using hydropower projects on 
managing climate risks (flood and drought management) and water level fluctuations, and on dam 
safety.  
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PART I: INTRODUCTION 

1. Background 
The earth is experiencing more frequent occurrence of extreme weather events such as heat waves, 
variations in precipitation, and floods in many regions of the world (Coumou and Rahmstorf, 2012; IPCC, 
2014, 2012). The occurrence of extreme weather events has been attributed to anthropogenic global 
warming. These weather extremes are already impacting the lives and livelihoods of millions of people 
and causing huge economic losses. 

In the Mekong-Lancang River Basin1, air temperatures have been rising (Liu et al., 2018) and recent 
decades have seen several severe droughts and floods, which have resulted in significant damage and 
economic losses (MRC, 2012, 2018). Most recently, a severe regional drought occurred in 2015 and a 
severe flood in 2011. The Mekong-Lancang River region is abundant in water resources, but also 
vulnerable to changes in weather and hydrological conditions. Livelihoods and economic activities are 
tightly coupled to water, and reductions in water availability, or excess flooding, can be detrimental 
(MRC, 2010).  

Currently, the Mekong-Lancang River Basin is undergoing extensive hydropower development (Figure 1). 
Hydropower development in the Mekong-Lancang Basin started in the 1960s and rapidly expanded in 
the 2010s (Figure 2). The largest hydropower developers in the Mekong-Lancang Basin are China and 
Lao PDR; currently the basin has at least 64 commissioned large hydropower projects (dam height > 15 
m) and plans for over hundred more (Räsänen et al., 2017; Hecht et al., 2019). This development is 
expected to increase the hydropower generation from 27.4 TWh/yr to 128.1 TWh/yr between 2010 and 
2060 (MRC, 2017a). This could considerably improve regional energy supply and support socioeconomic 
development. However, hydropower development has raised major concerns about the significant 
impacts on ecosystems and river-based livelihoods, such as fisheries, riverbank gardens and farms 
(ICEM, 2010). This impacts pose particular concern given the Mekong River is one of the world’s richest 
inland fisheries and the basin’s fish and aquatic animals form the core foundation of the region’s food 
security especially for millions of poor people without access to land for farming.  (Baran and 
Myschowoda, 2009). 

Hydropower development considerably increases the water storage capacity in the basin (Figure 2). The 
total water regulating capacity of the current reservoirs (up to 2018) is approximately 49,500 million m3 
(MRC, 2015), which corresponds to 10% of the Mekong-Lancang River’s annual flow (MRC, 2010). 
China’s share of the current regulating capacity is 47%, Lao PDR’s 40%, Thailand’s 7%, Vietnam’s 6% and 
Cambodia’s 1% (Figure 3). Thus, China and Lao PDR have the highest regulation capacity to redistribute 
flows in the mainstream of the Mekong-Lancang from the wet season to the dry season. The existing 
storage of reservoirs in Thailand, Cambodia and Vietnam are considered relatively small to cause 
significant change in the flow patterns of the mainstream Mekong River.  

                                                           
1 Lancang refers to upstream part of the river in China, and Mekong for downstream part of the river in Myanmar, 
Lao PDR, Thailand, Cambodia and Vietnam. 
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The role of hydropower reservoirs in climate change adaptation is a less studied topic in the Mekong-
Lancang River Basin. The occurrence of climate extremes and associated negative impacts are expected 
to increase in the Mekong-Lancang River Basin (MRC, 2017b, 2018), and many communities in Thailand 
along the mainstream river are already facing negative impacts from extreme floods and droughts as 
well as rapid fluctuations in water levels. The increasing reservoir storage could alleviate these impacts 
by buffering against extreme floods and providing water during extreme droughts, and appropriate 
operation of the reservoirs could also reduce the rapid water level fluctuations. However, the potential 
and success of reservoirs for such measures in the Mekong-Lancang River Basin is not yet well-studied or 
documented. This lack of scientific study about the regulating capacity of reservoirs poses a 
considerable gap in knowledge that acts as a constraint in making reservoirs act as a tool in adaptation 
to climate change and water level fluctuations. 

The climate change adaptation requires also strong regional transnational cooperation in the Mekong-
Lancang River Basin, as the water in the basin is shared by six countries – Cambodia, China, Lao PDR, 
Myanmar, Thailand and Vietnam. The existing water related regional cooperation mechanisms are the 
Mekong River Commission (MRC) (MRC, 2019a) and the Mekong-Lancang Cooperation (LMC) 
mechanism (LMCM, 2019). The MRC is based on 1995 Mekong Agreement – signed by four riparian 
countries Cambodia, Lao PDR, Thailand and Vietnam – and its activities are focused on river basin and 
structured around principles of Integrated Water Resources Management (IWRM). The LMC mechanism 
is based on the 2016 Sanya Agreement, and includes all six riparian countries, with its activities focused 
on economic and social development. Vietnam is the only riparian country that has joined an 
international agreement: it has ratified the 1997 UN Convention on Non-navigational uses of 
International Watercourses (UNWC) in 2014.  
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Figure 1. Existing and planned hydropower projects in the Mekong-Lancang River Basin according to hydropower 
databases from Mekong River Commission and CGIAR WLE program (Räsänen et al., 2017). Water level and 
discharge stations of Chiang Saen, Luang Prabang, Chiang Khan and Khong Chiam in the Mekong mainstream, that 
were used in the analyses of this study, are shown with orange triangles. 
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Figure 2. Number of dams and active reservoir storage capacity in the Mekong-Lancang River Basin from 1960 to 
2025 (Hecht et al., 2019). 

  
Figure 3. The total reservoir active storage of existing (up to 2018) and planned hydropower projects in China, Lao 
PDR, Thailand, Cambodia and Vietnam (MRC, 2015). Note that China has plans for further hydropower projects (see 
Figure 1), but their storage sizes are unknown. 

2. Types and functions of hydropower projects  
The type and function of the reservoir plays a key role in the potential of a reservoir in providing 
adaptation to climate change and water level fluctuations. The Mekong River Commission’s hydropower 
database (MRC, 2015) recognizes seven functions for dams and reservoirs in the Mekong-Lancang River 
Basin: power production, agriculture/irrigation, water supply to local municipalities or local population, 
flood control, navigation, recreation and fisheries development.  
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Currently dams and reservoirs in the Mekong-Lancang River Basin are largely planned for power 
production. Out of the 146 planned and existing dams, almost all are assigned for power production; 46 
reservoirs are considered multipurpose reservoirs of which 25 provide water for agriculture and 16 
provide flood control. 

Dams and reservoirs in the Mekong-Lancang River Basin can be categorized according to their water 
storage capacities into run-off-the river and storage projects, although these definitions are not always 
clear. Run-off-the river projects have little or no capacity to store water, whereas storage projects can 
store larger amounts of water and transfer water from wet to dry season. In the Mekong-Lancang River 
Basin at least 30 existing and planned dams and reservoirs are classified as run-of-the-river projects 
(MRC, 2015). The storage characteristics affect the capacity of the reservoirs to contribute to adaptation 
to climate related uncertainty and risks. 

The hydropower operations can be divided two main types. First type is designed to provide base load 
and the second peak load. Base load types provide constant power production, whereas peak load types 
provide power for periods when electricity demand is high. The peak load type projects typically cause 
more frequent and rapid downstream water level fluctuations than the base load projects. The 
operation types of the existing and planned hydropower projects are not identified in the hydropower 
database of MRC. 

3. Goal and outcomes  
The goal of this working paper is to support development of transboundary cooperation for increasing 
adaptation to climate change and hydropower projects in the Mekong-Lancang River Basin, with key 
focus on extreme floods and droughts and rapid water level fluctuations. This goal contributes to the 
goals of the 2018 Phnom Penh Declaration and the Five-Year Action Plan (2018-2022) of the Mekong-
Lancang Cooperation (LMC) mechanism to enhance cooperation in the field of disaster prevention and 
mitigation, address climate change’s impact (Political and Security Cooperation) and strengthen 
cooperation on sustainable management and utilization of water resources (Economic and Sustainable 
Development Cooperation).     

The working paper reviews the key research literature on climate change impact on water resources, 
discusses the role of hydropower dams in minimizing the risks from climate change and water level 
fluctuations, and provides recommendations for future actions.  

The reviews are based on peer-reviewed scientific research, research reports and other publications. 
The overview of risks of climate change, assessment of the role of hydropower reservoirs in minimizing 
risks from climate change and flow fluctuation, and recommendations for future actions are based on 
reviewed literature and expert knowledge both from the Mekong-Lancang Region and outside. 

The key outcomes are: 

• Review of observed and projected climate change and associated impacts on water resources 
• An overview of key risks of climate change and water level fluctuations 
• An assessment of the role of hydropower dams and reservoirs in minimizing risks from climate 

change and water level fluctuations 
• Recommendations for transboundary cooperation mechanism for using hydropower dams and 

reservoirs in climate change adaptation  
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PART II: ASSESSMENT OF CLIMATE CHANGE AND WATER LEVEL 
FLUCTUATIONS ON WATER RESOURCES IN MEKONG-LANCANG 
RIVER 

1. Observed climate change 

1.1. Long-term climate variability and change 

The climate in the Mekong-Lancang has varied between dry and wet periods in inter-annual, decadal 
and longer timescales. Mekong-Lancang’s climate has varied between wetter and drier periods, and 
since the beginning of the 20th Century, the basin has undergone a wetter period from the 1920s to the 
1950s, and a drier period from the 1970s to 2000s (Figure 4) (Räsänen et al., 2013). From the 1990s, the 
trend has been towards wetter conditions at least until around 2000. The number of extremely dry years 
has also increased during the recent decades, along with some extremely wet years, which suggests an 
increase in inter-annual climate variability. 

                  

Figure 4 Climate variability in the Mekong-Lancang River Basin shown by annual tree-ring-based Palmer Drought 
Severity Index (PDSI) over the period 1300-2005 (Räsänen et al., 2013). The PDSI describes the wetness/dryness 
conditions and values above zero refer to wet and below zero to dry. Yellow (blue) areas show dry (wet) periods, 
and the orange (blue) dots show driest (wettest) years with annual PDSI values below (above) -2 (2). 

1.1. Temperature 
Research evidence shows increasing trends in air temperatures for Mekong-Lancang River Basin from 
the 1950s onwards and particularly since the 1980s. Temperatures have increased in the Mekong-
Lancang Region during 1960-2016, with some spatial variation (Liu et al., 2018). In the upstream areas 
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the warming rate has been above 0.02°C/year and in the downstream areas, below 0.02°C/year, as 
shown in Figure 5.  

 
Figure 5. Trends in a) mean, b) maximum, and c) minimum air temperature during 1960-2016. Map units in Celsius 
degrees per ten years (°C/10 years) (Liu et al., 2018). 

In Cambodia, the mean annual temperature has increased by 0.8 °C with a change rate of 0.023 °C per 
year over the period 1951-2001 (Thoeun, 2015). In Thailand, mean daily minimum and maximum 
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temperatures show an increasing trend over the period of 1951–2003 (Limsakul and Goes, 2008); the 
maximum temperature has increased 0.56°C over 50 years (0.011°C/year) and the minimum 
temperature increased 1.44 °C over 50 years (0.029°C/year).  

In the Lancang River Basin, temperature increases of 0.01°C/year to 0.04°C/year have been observed 
during the period 1960-2000, with greater warming since the 1980s and 1990s  (Wu et al., 2012; Yunling 
and Yiping, 2005). The most significant temperature increases in the Lancang River Basin were observed 
during the. dry season.  

1.2. Rainfall 
Research evidence shows variations in historical rainfall trends: annual rainfall has slightly increased 
during the recent decades, while extreme rainfall events have increased in some areas and decreased 
in other areas. However, a limited number of rainfall stations were analysed inside the Mekong-
Lancang River Basin and more research is needed for further accurate and comprehensive trend 
analysis.  

A study (Liu et al., 2018) focusing on changes in rainfall and run-off in river basins in mainland Southeast 
Asia found minor positive trends in rainfall (0.2 mm/year) and run-off (0.5 mm/year) in the Mekong-
Lancang River Basin over the period 1960-2013. The period however contained periods with a decrease 
and increase in rainfall. For rainfall, a decreasing trend was found for 1960-1999 (-2.6 mm/year) and an 
increasing trend for 1971-2010 (1.3 mm/year). The run-off exhibited similar decreasing trend for 1960-
1999 (-2.4 mm/year) and an increasing trend for 1971-2010 (1.6 mm/year). In the upstream region, the 
trends were negative for rainfall (-0.4 mm/year) and run-off (-0.3 mm/year) over the period 1960-2013, 
but the trends for 1960-1999 and 1971-2010 were similar, although less steep, than in the case of the 
downstream areas. The observed trends in individual rainfall stations are shown in Figure 6. 

A study (Xue et al., 2011) along the transect of Mekong River found an increasing trend in annual rainfall 
in only in 2 out of 8 analyzed stations over the period 1950-2006. The two stations with increasing 
trends are located in Luang Prabang and Pakse.  

A study (Lacombe et al., 2013) focusing on the central Mekong Basin (Thailand) found clear wetting 
tendencies in both wet and dry seasons over the period 1953-2004. The annual rainfall increased from 
1,403 to 1,447 mm/year, and during the dry season rainfall increased 12 mm together with an increase 
in number of rainy days. A study (Thoeun, 2015) for Cambodia, in turn, suggests reduction in annual 
rainfall at an annual rate of -0.184% per year 1951–2002. However, the precipitation in Cambodia shows 
an increasing trend since the 1990s, which is in line with the overall wetting trend for the Mekong Basin 
as shown by PDSI in Figure 4.  

In Myanmar, the observed trend since 1989 is towards increasing May-October rainfall, with positive 
step change in 1992 (Sein and Zhi, 2016). In 1993-2010 the May-October rainfall increased by 36.1 mm, 
compared with the mean rainfall during 1981-1991. 

For Lancang River Basin, one study (Wu et al., 2012) suggested the general increase in annual rainfall 
over the period 1960-2009 and then a decrease since 2000, with highest increase in the spring 
rainfall(March-May). Another study (Shi et al., 2013) in turn suggests a decreasing trend in annual 
rainfall in 14 out of 31 analysed stations over the period 1960-2010.  
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Figure 6. Trends in a) annual, b) rainy season, and c) dry season rainfall during 1960-2016. Map units in millimetres 
per 10 years (mm/10 years) (Liu et al., 2018). 

An analysis of extreme rainfall events in mainland Southeast Asia over the period of 1960 to 2007 (Yazid 
and Humphries, 2015) found contrasting trends for eastern and western parts of the study area. In the 
east positive trends were observed in the number of heavy rainfall days, very heavy rainfall days, 
extremely heavy rainfall days, consecutive wet days and annual wet-day rainfall total, showing at times 
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significant trends. In the west, negative trends were found in consecutive wet days, annual wet-day 
rainfall total, heavy rainfall days, very heavy rainfall days, and extremely heavy rainfall days. The analysis 
was based on gridded APHRODITE Asian Precipitation-Highly-Resolved Observational Data Integration 
towards Evaluation of Water Resources (APHRODITE) rainfall data set. Another study (Villafuerte and 
Matsumoto, 2014) suggests also an increase in annual maximum daily rainfall in several regions in the 
Mekong Basin, but also a decrease in some areas in 1951-2007, as shown in Figure 7.  

 
Figure 7 Spatial distribution of trends in annual maximum daily rainfall (RX1day) over the period 1951-2007  
(Villafuerte and Matsumoto, 2014). 

1.3. Tropical storm 
The number of tropical cyclones crossing the Mekong River Basin in recent years has remained mostly 
unchanged from the long-term average, but the influence of tropical cyclones in generating run-off 
and transporting sediments has declined. The number of tropical cyclones in South China Sea shows a 
declining trend over the period 1965-2005 (Wu et al., 2005; Goh and Chan, 2010), which is due to 
poleward shift in tropical cyclone activity (Kossin et al., 2016). The research on the Mekong-Lancang 
River Basin suggests that there is periodicity in the strike count, amount of rainfall  and sediment 
transport associated with tropical cyclones (Darby et al., 2016). The most recent years of 2006-2013 
have a similar strike count than the mean strike count of 1950–2013, although the inter-annual 
variability in strike counts has decreased (Figure 9). However, the rainfall associated to tropical cyclones 
has varied during the 1981-2005 period (Figure 8), and the research suggests that influence of tropical 
cyclones in generating run-off and transporting sediments has declined during the period of 1981-2005. 
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Figure 8.  Strike counts for tropical cyclones tracking across the Mekong Basin during 1950–2013 (Darby et al., 
2016). 

 
Figure 9. Changes in the mean annual rainfall contributed by tropical cyclones over the Mekong-Lancang Basin. a) 
1981–1985; b) 1986–1990;  c) 1991–1995; d) 1996–2000; e) 2001–2005 (Darby et al., 2016). 
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1.4. El Niño – Southern Oscillation 
The influence of El Niño – Southern Oscillation (ENSO) on the climate and hydrology of the Mekong-
Lancang Basin has increased since the late 1970s. This has contributed to occurrence of severe floods 
and droughts. The ENSO affects rainfall and river flows in the entire Mekong-Lancang Basin, but more 
strongly in the central and southern parts, and the majority of the extreme droughts and many of the 
extreme floods have occurred during El Niño and La Niña events (Räsänen and Kummu, 2013). The 
increase in the ENSO’s influence has been observed in increased correlation between ENSO and river 
flows in the Mekong mainstream at Chiang Saen, Luang Prabang, Vientiane, Mukdahan, Pakse, Stung 
Treng and Kratie (Figure 10) (Darby et al., 2013; Delgado et al., 2012; Räsänen and Kummu, 2013), and in 
increased correlation with ENSO and basin-wide PDSI (Räsänen et al., 2013). The increased influence of 
ENSO in the Mekong-Lancang is likely a result of increased frequency and intensity of ENSO events 
during the 20th century (Cobb et al., 2013; Räsänen et al., 2016).  

 
Figure 10. The effect of El Niño and La Niña phases of El Niño-Southern Oscillation (ENSO) on annual river flows of 
the Mekong River during the period 1981-2005 (Räsänen and Kummu, 2013). CS: Chiang Saen, LP: Luang Prabang, 
Vi: Vientiane, Mu: Mukdahan, Pa: Pakse, and ST: Stung Treng. The numbers 1+2 refer to second and possible third 
year of the ENSO event. 

2. Projected climate change 
The projected climate change in the Mekong-Lancang River Basin is reviewed through studies that 
provide projections for temperature, rainfall and river flow using multiple general circulation models 
(GCM), and several emission, global warming or representative concentration pathways (RCP) scenarios. 
Altogether four studies fulfil this criteria (Kingston et al., 2011; Lauri et al., 2012; Thompson et al., 2013; 
Hoang et al., 2016; W. Wang et al., 2017), and they are summarized in detail in Annex A. 

2.1. Temperature 

For annual air temperature there is an agreement across all climate scenarios that temperatures will 
increase over the entire Mekong-Lancang River Basin, and the increase will be higher in the Lancang 
River Basin. The daily average temperature in the Mekong-Lancang River Basin is projected to increase 
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0.6-1.4% by 2032-2042 and 1.5-3.5% by 2036–2065 compared to baseline periods of 1982-1992 and 
1970-2000 and depending on the global greenhouse gas emission scenarios (Table A1) (Lauri et al., 
2012; Hoang et al., 2016).  

Using the global mean warming of 2°C as the projected climate scenario, temperatures are projected to 
increase by close to 2°C in the Mekong-Lancang River Basin (Kingston et al., 2011). However, there is 
variation between the climate scenarios on the spatial patterns of the temperature increase, as shown 
in Figure 11 and Annex A. The general agreement is that temperature increases are higher in the 
Lancang Basin. The increase in air temperature leads also to increased evapotranspiration that is 
projected to increase 10.3-15.9% with projected mean global warming of 2°C (Thompson et al., 2013). 

 

 
Figure 11. Projected temperature change in 2036-2065 across 5 GCM’s (scenarios RCP4.5 and RCP 8.5) compared to 
baseline of 1970-2000 (Hoang et al., 2016). 

 

2.2. Rainfall 
For annual rainfall change, there is much less agreement on the projected changes between the 
climate studies and scenarios than in the case of annual temperature. However, future climate studies 
point to a direction of increase in annual rainfall over the Mekong-Lancang River Basin (Table A1). Two 
studies (Hoang et al., 2016; Lauri et al., 2012) show stronger confidence with 9 out of 10 scenarios 
suggesting that precipitation will increase. They project a change of precipitation ranging from -2.5 to 
+8.6% by 2032-2042 and from -3 to +5% by 2036–2065 compared to baseline periods of 1982-1992 and 
1970-2000. Two other studies (Kingston et al., 2011; Thompson et al., 2013) in turn provide weaker 
confidence on precipitation change at 2°C of mean global warming. They project a range of precipitation 
change from -3 to 12.2% with 4 out 7 scenarios suggesting an increase. The studies show also large 
uncertainty in the spatial patterns of the precipitation change, as shown in Figure 12 and Annex A.  
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Figure 12 Projected precipitation change in 2036-2065 across 5 GCM’s (scenarios RCP4.5 and RCP 8.5) compared to 
baseline of 1970-2000 (Hoang et al., 2016). 

Studies on changes in extreme rainfall under future climate are limited, but there is strong indication 
towards an increase extreme rainfall in Thailand.  A study (Chaowiwat et al., 2019) conducted for 
Thailand used 20 bias-corrected GCM climate data sets, representative concentration pathways RCP4.5 
and RCP8.5, and extreme rainfall indices to estimate changes in extreme precipitation. The study 
presented  projections for  precipitation data from 1979-2005 to 2006-2039, 2040-2069 and 2070-2099, 
and found that the number of consecutive wet days increased 26-41%, very heavy rainfall days (R20mm) 
increased 3-61%, and maximum 5-day rainfall (Rx5D) increased 26-54%. 
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Figure 13. Projected changes in consecutive wet days (CWD), very heavy rainfall days (R20mm), and maximum 5-
day rainfall (Rx5D) in 2006-2039 compared to baseline of 1979-2005 (Chaowiwat et al., 2019). 

2.3. Tropical storms 
The frequency of tropical cyclones is projected to follow current trend and decline over South China 
Sea and Vietnam, but the occurrence of intense tropical cyclones is projected to increase. A simulation 
with ensemble of models from phase 5 of the Coupled Model Intercomparison Project (CMIP5) suggest 
that tropical cyclones will continue to migrate poleward resulting in decrease of tropical cyclone 
occurrence in South China Sea during the current century (Figure 14) (Kossin et al., 2016). The 
projections with regional climate model PRECIS suggest also that the frequency of tropical cyclones will 
decrease over South China Sea and Vietnam during 2069-2098 compared to 1961-1990 (Redmond et al., 
2015). However, the occurrence of more intense tropical cyclones (defined as those with a maximum 10 
m wind speed >35 m/s) is projected to increase by 3-9%. 
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Figure 14. Projected (lower tiles) tropical cyclone density over Western North Pacific (Kossin et al., 2016). 
Projections are based on an ensemble of models from phase 5 of the Coupled Model Intercomparison Project 
(CMIP5). 

2.4. El Niño – Southern Oscillation 
Changes in ENSO under global warming are uncertain. The current observations, climate projections 
and paleo-proxies do not provide a conclusive answer on how ENSO will develop under global warming 
(C. Wang et al., 2017). 

3. Climate change impact on water resources 

3.1. River flows 
The observed annual flow of the Mekong River exhibits several trends and variation between wetter 
and drier periods and follows the climate signals. The  river flows of the Mekong mainstream at Stung 
Treng in Cambodia over the period 1910-2007 shows that the river has experienced increasing and 
decreasing trends and wetter and drier periods (Räsänen et al., 2013). The annual river flows showed 
positive trend and were generally higher until 1952, when a change occurred towards drier conditions. 
The direction towards wetter conditions restarted again in the early 90s, but the directionalities of the 
most recent years have not been analysed. The river flows show also variation between multi-annual 
wet and dry periods, and they  closely follow the climate signals (Räsänen et al., 2013). Another study 
looked at 33 Mekong sub-basins and found that a majority (64%) in the catchment have no discernible 
trend and those with trends have both increasing trends (between 21% and 24%) and decreasing trends 
(between 15% and 12%) (Lyon et al., 2017), suggesting spatial variability in river flows.   

The observed annual river flows in the Lancang River Basin have decreased over the period 1960–
2017, particularly after 2008. The mean annual river flows at Yunjinghong have decreased  6% during 
1987-2014 and 27%  during 2008-2014 compared to 1980–1986 (Han et al., 2019). But snow and glacier 
meltwater increased 39% during March-May contributing 4.5% of the spring streamflow. At Chiang 
Saen, the flows have declined over the period 1960-2017, where a step change towards drier conditions 
occurred in 1972 (Figure 15 and Annex B). The post-1972 period is 14% drier than the pre-1972 period. 
In 2009, the flows declined further and were on average 10% drier than the 1960-2017 average flow. For 
more on annual flow at Chiang Saen, see Annex B. 
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Figure 15. Annual and smoothed discharge of the Mekong River at Chiang Saen (1960-2017). 

The observed annual river flows of the Mekong River have become more variable since the 1970s, 
particularly in the lower parts of the Mekong River. At least two studies suggest that inter-annual 
variability in both annual and June-November river flows has increased since the late 1970s (Delgado et 
al., 2010; Räsänen et al., 2013). The increase in variability has been observed at the Mekong mainstream 
at Thakek, Pakse, Stung Treng and Kratie. The increase in variability correlates with climate signals and is 
therefore most likely climate-driven (Delgado et al., 2012; Räsänen et al., 2013). 

The future annual flows of the Mekong-Lancang River are uncertain. There is no agreement between 
climate studies and scenarios on the direction and magnitude of the changes. River flow is a product of 
rainfall and temperature (or evapotranspiration), and therefore the projection uncertainties in rainfall 
and temperature accumulate in projected river flows. Two studies (Hoang et al., 2016; Lauri et al., 2012) 
propose an increase in the river flow of the Mekong with 7 and 9 out of 10 scenarios in support of this 
hypothesis. The projected changes range from -10.6 to 13% by 2032-2042 and -7 - +11% by 2036–2065. 
The two other studies (Kingston et al., 2011; Thompson et al., 2013) in turn, suggest a decrease in 
annual flow with 4 out of 7 scenarios supporting this. Their projection for ranges of change are from -
17.8 to 6.5% for 2°C mean global warming. See Table in Annex A for further information. 

The future annual river flows of the Lancang River Basin are uncertain. One study (Lauri et al., 2012) 
points to a direction of decrease with 6 out of 10 scenarios supporting this, another study (Thompson et 
al., 2013) point to a direction of increase with 4 out of 7 scenarios supporting this, and the third (Hoang 
et al., 2016) suggests increase of 14-15%. The projected changes in annual river flow range from -15.5 to 
11% by 2032-2042, from -1 to 33% by 2036–2065, and for 2°C mean global warming from -12.2 to 8.7%. 
See Annex A for further information. 

The future seasonal and monthly flows of the Mekong-Lancang River have high uncertainty due to low 
agreement between climate studies and scenarios. However, some agreement exists in that August-
September flows may increase in the Mekong Basin and decrease in the Lancang Basin, and April 
flows may increase in the Lancang Basin. For monthly high flows in August or September in Kratie and 
Pakse, in three out of four studies, the majority of the climate scenarios point to an increase in high 
flows (Lauri et al. (2012):  7 out of 10; Hoang et al. (2016): 6 out of 10; Thompson et al. (2013): 4 out of 
7). For Chiang Saen, three out of three studies point in the direction of decrease in monthly high flows in 
August or September (Kingston et al. (2011): 5 out of 7; Lauri et al. (2012):  6 out of 10; Thompson et al. 
(2013): 4 out of 7). These are illustrated in Figure 16, Figure 17 and Annex A. 
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For monthly low flows in April at Chiang Saen, three out of three studies suggest an increase in flow 
(Kingston et al. (2011): 7 out of 7; Lauri et al. (2012): 6 out of 10; Thompson et al. (2013): 5 out of 7), and 
one study, which does not provide lows flows for Chiang Saen, suggests an increase in low flows in April 
at Vientiane (Hoang et al. (2016): up to +25 %). For monthly low flows in April at Kratie, there is no clear 
agreement between the four studies. See Annex A for further information. 

 
Figure 16. Projected change in monthly river flows at Chiang Saen in 2032-2042 across five GCM’s (A1b scenario) 
compared to baseline of 1982-1992 (Lauri et al., 2012). 

 

 
Figure 17. Projected change in monthly river flows at Kratie in 2036-2065 across 5 GCM’s (scenarios RCP4.5 and 
RCP 8.5) compared to baseline of 1970-2000 (Hoang et al., 2016). 

3.2. Extreme floods and droughts 
Severe floods and droughts have occurred frequently in the Mekong River Basin over the last few 
decades. Since 1960, significant floods have occurred in 1961, 1966, 1971 1978, 1981, 1991, 2000-2002, 
2008 (Adamson and Bird, 2010) and 2011 (MRC, 2014) 2018 (Dara, 2018), and droughts in 1987-1988, 
1992-1993, 1997-1998, 1999, 2003-2006 (Adamson and Bird, 2010; Son et al., 2012), 2010 (Zhang et al., 
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2014), 2015-2016 (Guo et al., 2017) and 2019 (MRC, 2019b). Localized floods and droughts may have 
occurred also during other years than listed above.  

3.2.1. Extreme floods 

In the Mekong River Basin, the likelihood of extreme floods has increased, while the probability of 
average flood has decreased during the second half of the 20th century. An analyses of river flows at 
Vientiane, Thakek, Pakse and Kratie over the period 1913-2007 shows that inter-annual variability of 
annual maximum flow has increased during the second half of the 20th century, leading to the increased 
probability of extreme floods and reduced probability of average floods in the Mekong River Basin 
(Delgado et al., 2010, 2012).  

The future of extreme floods is uncertain. While there are disagreements between the different 
climate studies, there is a strong indication towards increasing flood risks. For the Mekong River Basin 
(Stung Treng, Pakse and Kratie), five studies (Kingston et al., 2011; Lauri et al., 2012; Thompson et al., 
2013; Hoang et al., 2016; W. Wang et al., 2017) provide scenarios for high flows, and they are 
summarized in Annex A. For the Mekong River Basin three studies suggest increase and two decrease in 
the extreme or high flows. For the upper parts of the Mekong River Basin (Chiang Saen and Vientiane) 
two studies suggest increase (Hoang et al., 2016; W. Wang et al., 2017) and one decrease for extreme or 
high flows (Thompson et al., 2013). In addition, one study reports increase in flood frequencies (W. 
Wang et al., 2017). Thus, there is disagreement between the studies, but there is a stronger indication 
towards increase in high flows and flood risk. See Annex A for further information. 

3.2.2. Extreme droughts 

The occurrence of severe droughts has increased since the 1950s. An analysis of tree-ring derived PDSI 
shows that  the frequency and severity of extremely dry years has increased in the Mekong River Basin 
since the 1950s (Figure 4) (Räsänen et al., 2013). An analysis of river flows suggests also that more 
severe droughts have occurred since the 1950s (Adamson and Bird, 2010). 

The scenario for extreme droughts is highly uncertain. The climate studies on future droughts are 
limited, and there are disagreements between the existing studies. The future of extreme droughts is 
less studied, and climate studies provide only changes in low flows that can indicate changes in drought 
conditions. For low flows in the Mekong River Basin, two studies suggest decrease and one increase. For 
the upper parts of the Mekong River Basin only one study provides future projection and it suggests 
increase in low flows. See Annex A for further information. 

3.3. Key water users 

3.3.1. Hydropower 

According to a Mekong Basin-wide assessment, it is not yet clear how climate change would affect 
hydropower energy generation. A study (MRC, 2017a) estimated changes in hydropower energy 
production in the Mekong River Basin under climate change in 2021-2040 and 2051-2070 compared to 
climate in 1985-2008. The estimates are based on 3 general circulation models, three emission scenarios 
(RCP2.1, RCP4.5 and RCP8.5), and modelling tools of Mekong River Commission. The hydropower 
development scenarios are taken from Mekong River Commissions Basin Development Plan Programme 
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Phase 2 (BDP2) so that 2021-2040 scenario has 17 mainstream and 74 tributary dams, and 2051-2070 
scenario 17 mainstream and 99 tributary dams.  

Their approach yields altogether 9 hydropower energy generation scenarios, and the results do not 
provide a clear  picture of the impacts on hydropower energy generation under a changing climate. One 
GCM projects wetter conditions and generally higher energy generation rates, one drier conditions and 
generally lower energy generation rates, and one increased seasonality and generally lower energy 
generation rates. In 2051-2070 energy generation is projected to decrease in Cambodia in 7 out of 9 
scenarios, decrease in China in 6 out of 9 scenarios, decrease in Thailand in 7 out of 9 scenarios, increase 
in Vietnam in 6 out of 9 scenarios, and decrease in Laos in 4 out of 9 scenarios. The annual water yield in 
the Mekong River Basin is however projected to increase in 5 out of 9 scenarios. On the seasonal scale, 2 
out of 3 climate models suggest an increase in dry season energy generation, and 2 out of 3 climate 
models suggest decrease in wet season energy generation. The study concludes that it is not yet clear if 
there will be increases in hydropower generation due to climate change.  

A case study from Srepok-Sesan-Sekong tributary of the Mekong River suggests small or no changes in 
hydropower energy generation due to climate change. A study (Piman et al., 2015) conducted in 
Srepok-Sesan-Sekong tributary of the Mekong River estimated impacts of climate change on 
hydropower energy generation in 2010-2049 compared to climate in1986–2005 using four GCMs, two 
emission scenarios (A2 and B2), hydrological model and reservoir simulation model. The hydropower 
development was considered for two scenarios: definite future with 8 existing hydropower projects and 
11 under construction, and all dam scenario with 22 planned hydropower projects more (total 44). They 
project decreased dry season flows (5 out of 5 scenarios) and small or no increase in wet season flows (4 
out of 5 scenarios). Energy generation is projected to increase in two scenarios (7-13%), decrease (3-5%) 
in two scenarios, and not to change in one scenario. They conclude that energy production is not likely 
to be affected significantly by climate change. 

3.3.2. Agriculture 

The climate and hydrology in the Mekong River Basin have become more variable and the agricultural 
damages from droughts and large floods have been extensive, however the relationship of more 
variable climate and agricultural damages has not been systematically evaluated.  The droughts and 
large floods (Adamson and Bird, 2010; Delgado et al., 2010; Räsänen et al., 2013; Guo et al., 2017) has 
resulted in extensive damage for agricultural sector. For example, large floods have caused crop 
damages of 17,000-320,00 ha in Cambodia and Laos, and droughts have caused crop reductions up to 
56% in northern Thailand and economic costs of up to US$ 14-20 million in Cambodia (MRC, 2012). A 
delay in the onset of the wet season rains and potential late wet season drought are key factors in 
affecting agricultural drought (Fukai and Ouk, 2012). It is likely that the increased occurrence of 
droughts and flood has resulted in widespread agricultural damage in the Mekong River Basin, although 
this relationship has not been systematically evaluated.  

Agriculture in the Mekong River Basin is likely to be negatively affected under future climate change 
and adaptation measures are needed. However, research on the impacts of agriculture under future 
climate is limited.  A study (Chun et al., 2016) evaluated changes in rice yields in Cambodia, Laos, 
Myanmar, Thailand and Vietnam under future climate using three regional climate models, two 
emission scenarios (RCP4.5 and RCP8.5) and two rice crop models. The future rice production was 
projected from 1991–2000 to 2020s, and  2080s. They found that Cambodia and Thailand will be the 
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most affected, and that rice yields will decline if adaptation measures are not undertaken. Rice yields 
may slightly increase in northern Thailand and Vietnam. They attribute the yield declines mainly to 
increased air temperature and suggest that irrigation may be an effective strategy for mitigating yield 
declines. 

One study (Thomas et al., 2013) focusing on future agriculture potential in Cambodia estimated yields 
for eight crops using four GCM’s, one emission scenario (A1b) and a crop model. They compared 
changes in yields from 2000 to 2050 (projected). General finding is that climate change will have 
significant adverse impacts on all crop yields. Mitigation measures such as selecting optimal cultivars, 
optimal fertilizer use and adjusting planting timing can reduce negative yield impacts, but yields of all 
crops will be negatively affected, with the exception of low-input rainfed rice. 

The number of studies using multiple GCMs and emission scenarios for evaluating the impacts on 
agriculture in the Mekong-Lancang River Basin is limited. 

3.3.3. Navigation 

Navigation in the Mekong River is affected by low water levels during drought periods. The two most 
recent serious impacts on navigation occurred in 2010 and 2016, when the Mekong-Lancang River Basin 
experienced extreme drought conditions. The droughts resulted in low water levels that prevented 
movement of cargo ships and tourist boats on many parts of the river. 

3.4. Sea level rise  

The water levels at the Mekong Delta have increased significantly with the sea level estimated to rise 
by 25-30 cm by 2050 resulting in increased saltwater intrusion and flooding. Global sea level has risen 
17 to 21 cm over the period 1901–2010 and is predicted to continue to rise 17-38 cm by 2050 and 53 cm 
by 2100 (IPCC, 2014; Minderhoud, 2019). In the Mekong Delta, sea level is estimated to rise 25 cm to 30 
cm by 2050 (Vu et al., 2018). The sea level rise combined with land subsidence will lead to increased 
flooding and inundation, as indicated by estimates on changes in the land surface above sea level up to 
2100 in Figure 18 (Dang et al., 2018; Minderhoud, 2019). The sea level rise is also estimated to increase 
harmful saltwater intrusion up to 50-60 km upstream by 2050 (Vu et al., 2018). An analysis of observed 
water levels in the Mekong Delta suggest that minimum and maximum water levels have already 
increased due to land subsidence and sea level rise (Fujihara et al., 2016). The extent of future flooding 
of the Mekong Delta will further be affected by changes in sediment deposition from upstream and 
natural compaction of the delta (Minderhoud, 2019). 
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Figure 18. Projections of areas of Mekong Delta above and below sea level up to 2100 under different groundwater 
extraction scenarios (Minderhoud, 2019). The rate of sea level rise is according to mid-range of projections.   
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4. Water level fluctuations 
The hydrological regime of the Mekong mainstream has remained relatively undisturbed until 2010. 
However, a study comparing observed water levels from six stations along the Mekong mainstream in 
pre- and post-1991 period found that temporal and spatial trends in water infrastructure development 
from 1960 to 2010 can be linked to changes in water level patterns (Cochrane et al., 2014). They found 
that the number of water level fluctuations, water level rise and fall rates, and dry season water levels 
have all increased in the post 1991 period. The study also suggests that these changes may have 
diminished the Tonle Sap flood pulse. 

Major changes in hydrological regime of the Mekong mainstream are observed since 2011. Two 
studies (Li et al., 2017;  Räsänen et al., 2017) analysed observed river flow changes in the Mekong 
mainstream over the period 1960-2014. The dry season flows at Chiang Saen were found to increase 
and wet season flows decrease in 2011, and these changes became more pronounced in 2014, as shown 
in Figure 19. In 2014 during the dry season (March-May) the flows increased by 121–187% and during 
the wet season (July-August) the flows decresed by 32–46% compared to the flow regime during 1960-
1990 (Räsänen et al., 2017). The dry season flow regime exhibited a considerable increase in large and 
rapid water level fluctutations (Li et al., 2017; Räsänen et al., 2017).  

Water level fluctuation regime of the Mekong River in 2014-2017 differs considerably from the 
fluctuation regime of 1960-1990. Water level fluctuations in the Mekong mainstream were analysed at 
Chiang Saen, Luang Prabang, Chiang Khan and Khong Chiam using daily water level data and by 
comparing the fluctuations in 2014-2017 to fluctuations in pre-hydropower period of 1960-1990 (Annex 
C). The analyses suggest that hydropower operations have considerably affected the water level 
fluctuations in 2014-2017. The daily water level variability was reduced during the wet season at all four 
gauging stations by 20-33% and also during the dry season at Chiang Saen by 47% and Khong Chiam by 
29%; the highest water levels of peak months of July-September were reduced by 7-29% at all four 
gauging stations; the daily water level rise and fall rates increased 55-500% during the dry season 
months of February-April at all four gauging stations; and the dry seasons in 2014-2017 exhibited large 
and rapid water level changes up to over two meters, which is uncharacteristic for pre-hydropower 
water level regimes. See more details in Annex C. 
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Figure 19. Observed flow changes in Mekong mainstream at Chiang Saen, Nakhom Phanom and Kratie during the 
years of 2010-2014 compared to period 1960-1990 (Räsänen et al., 2017). 
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Figure 20. Water levels at Chiang Saen, Luang Prabang, and Chiang Khan in 2014-2017 and at Khong 
Chiam 2014-2016 compared to range of water levels of 1960-1990. Annex C provides detail analysis. 
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PART III: ASSESSMENT ON THE ROLES OF HYDROPOWER DAMS 
IN MINIMIZING RISK AND UNCERTAINTY ASSOCIATED WITH 
CLIMATE CHANGE AND WATER LEVEL FLUCTUTATIONS 

1. Key risks of climate change and uncertainties  
The Mekong-Lancang River region is one of the regions in the world that is most affected by climate 
change. The Global Climate Risk Index 2019 places Myanmar, Vietnam, Thailand and Cambodia among 
the top twenty of the most affected countries in the world (Eckstein et al., 2019), as shown in Figure 21. 
Myanmar and Vietnam were ranked as the 3rd and 9th most affected countries, where extreme events 
resulted in over 7,300 deaths and economic losses of over US$3.3 billion during the period 1998-2017, 
as shown in Table 1. These rankings highlight the importance of climate change adaptation in the 
Mekong-Lancang River Region. 

 
Figure 21. Global Climate Risk Index 2019 with country rankings (Eckstein et al., 2019). 

 

 

 

 

 

 



30 

 

 

 

Table 1. Long-Term Climate Risk Index of 10 most affected countries from 1998 to 2017 (annual averages) (Eckstein 
et al., 2019). 

 
The current research on observed climate change in the Mekong-Lancang River Basin shows increasing 
air temperature, several drying and wetting trends, increase in occurrence of extreme events, and 
spatial heterogeneity in changes. The projections for future climate and water resources provide 
mainly uncertainty in the direction of changes, but also some indication for potential increase in the 
frequency of extreme events.   

The research reviewed in Part II shows that air temperature has increased, and the conditions have 
become drier during the second half of the 20th century, although increasing rainfall trends have also 
been observed. The rainfall and river flows show multiple trends, spatial variation and distinct periods 
with wetter and drier conditions, which indicates spatial heterogeneity and temporal non-stationarity in 
the climate and hydrology of the Mekong-Lancang River Basin. Since the early 2000s, the 
wetness/dryness conditions in the Mekong River Basin have been close to long-term average, but the 
Lancang River Basin has become drier. The research also shows that the climate has become more 
variable with increased extreme rainfall events, and occurrence of severe droughts and large floods. The 
research on observed changes is, however, limited, which impedes the understanding of ongoing 
changes, particularly in the case of rainfall. For the future climate, the research suggests further increase 
in air temperatures, likely increase in extreme rainfall, but uncertainty for changes in river flows. 
Currently, there is some indication that extreme floods may increase in the future, but the general 
direction of river flows and water resources in highly uncertain.  

Given the multiple types of observed and projected changes in climate, and the considerable 
uncertainty in the future direction of water resources, the general risks of climate change are discussed 
according to the different types of potential changes. 
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Drier climate is likely to affect negatively food and energy production and security, and conflicts 
between water users may arise. Drier climate is likely to reduce crop yields which results in economic 
losses, increased prices of water intensive crops, and in the worst case, impacts on food security. For 
hydropower, drier climate would lead to reduced energy generation and reduced revenues. Energy 
security may also be affected if the energy sector relies heavily on hydropower. Drier climate is likely to 
result in increased competition between water users as the availability of water is reduced, particularly 
during the dry season and during the transition periods to and from wet monsoon season. The 
competition can lead to conflicts between water users and riparian countries. Structural and functional 
changes in different sectors are likely to be required to maintain water security. 

Wetter climate may increase property and agricultural damage through increased flooding and change 
in land-use and land valuation. Wetter climate may result in increased flood inundation and thus to 
increased urban flooding and damage to property and to agricultural production. This in turn may result 
in changes in land valuation and use, as frequently flooded lands become less valuable and usable. 
Wetter climate may also cause safety issues for water infrastructure if they are not adaptive and 
designed to withstand larger water volumes. Wetter climate may, however, also benefit some sectors. 
Structural and functional changes are likely to be required for adaptation in different sectors of the 
society. 

Increase in climate variability may increase volatility in different sectors of society and thus negatively 
affect economic and social development. Increased variability in available water may reduce 
agricultural production and divert resources to management and coping with uncertain and variable 
conditions. This results in increased investments and prices of agricultural products, and lack of 
resources in turn may result in reduced economic gains and food security. For hydropower the 
variability of water availability may cause reduced energy generation and overall reliability. This may 
affect the profitability and perception of hydropower as reliable energy source and consequently 
increase the price of electricity produced by hydropower. Energy shortages may also be the result if 
energy sector relies heavily on hydropower. Adaptive capacity and cooperation across sectors will be 
required to mitigate the effects of unstable water availability.  

Increased occurrence of extreme droughts and floods causes extensive damage and economic losses 
to various sectors. Risks related to extreme droughts are particularly serious for agricultural sector, 
where large-scale crop failures may occur. Lower hydropower energy generation is also likely during 
droughts. Water shortages can be experienced in industrial and domestic water use sectors. Extreme 
floods may cause large-scale crop destruction, large-scale property damage, loss of lives, and safety 
issues for water infrastructure. Economic costs of both extreme droughts and floods are high. Mitigation 
of negative impacts and resilience to recover from extreme events becomes of paramount importance. 

Prolonged dry periods (>1 years) result in accumulating and aggravating drought impacts.  Risks 
related to prolonged dry periods are similar as to extreme droughts, but their impacts accumulate and 
become more severe over time. This may result in considerable economic losses in agricultural and 
hydropower sector, and impact negatively water and food security. Freshwater availability may become 
an issue during dry season as water tables decline over extended period of time. Conflicts between 
water users are likely. Adaptive capacity and capacity to reorganize functions across sectors are needed 
to overcome the stresses of prolonged dry periods.  

Prolonged wet periods (>1 year) may result in more frequent occurrence of extreme floods and thus 
to increased damage, economic losses and loss of lives. Risks related to prolonged wet periods are 
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similar as in extreme floods, but the associated damages and losses accumulate over time. This may 
pose economic strain on different sectors of the society. Some sectors may also benefit from prolonged 
wet periods. Long-term planning is required for understanding and mitigating risks from prolonged wet 
periods.   

The Mekong River Commission’s Council Study (MRC, 2017b) provides a more systematic assessment of 
the risks of climate change on different sectors of societies in the Mekong River region. They identify 
the following key risks: 

• Changing extremes for flood resulting in higher peak flood levels and significantly increased 
flood damage during extreme events 

• Changing extremes of drought years resulting in lower flows and impacts on salinity and 
consequently agriculture including rainfed agriculture   

• Food security, which is initially improved due to increased production and irrigation 
development, is severely impacted in dry years resulting in potential food shortages in some 
locations  

• Loss of GDP growth potential and income from hydropower and agriculture  
• Impacts on the environment, including fisheries especially for a drier scenario, but also 

deteriorations in overall ecology 

Altogether, the Council Study sees broad scale risks for food security and economy. Food security is 
expected to be sufficient during normal years, but during drier conditions the food security can be 
compromised, particularly for the poorer population. The impacts of climate change are estimated to 
most affect the fisheries in Cambodia’s Tonle Sap like and the people who depend on the fisheries for 
food security. The economic impact is expected to reduce the gross domestic product in the region with 
Cambodia estimated to face the largest economic impacts.   

2. Key risks of water level and flow fluctuations  
Water level and flow fluctuations are a natural part of the hydrological regime of the Mekong-Lancang 
River, but fluctuations are caused also by human activities, such as hydropower operations. During the 
dry season, water level fluctuations are naturally mild, but during the wet season they can be rapid and 
large and caused by rainfall events. In recent years, the Mekong River has experienced more rapid and 
large water fluctuations, particularly in the dry season (Annex C). 

Unexpected, rapid and large water level changes can cause risks for various riverine activities. The 
Mekong River and its riverbanks are intensely used for navigation, fishing, riverbank agriculture and 
recreation, and rapid water level changes can result in life threatening situations, loss of property and 
losses in fish catches and agriculture. A change in water level fluctuation regime may also have negative 
consequences for aquatic ecology. Altogether, changes in water level fluctuations may make the river 
unsuitable for certain activities and deprive the riparian people from their source of livelihood and 
income. The negative outcomes can be experienced by a wide range of actors from individual 
households to commercial enterprises. 

The risks are amplified during the dry season when the water level fluctuations have naturally been 
mild. The river users are often familiar with the behaviour of the river and have adapted their activities 
accordingly, but sudden changes in the water level fluctuation regime may take the river users by 
surprise and result in negative outcomes. An example of such negative outcome are the flood surges 
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from the Yali dam project in Vietnam, which affected the full stretch of the Sesan River (Wyatt and 
Baird, 2007): 39 people were drowned, and crops, livestock and property were lost.   

A study by the Department of Water Resources (DWR), Thailand in 2016 (DWR, 2016) also indicated the 
risk areas from the impact of the water level fluctuations in the Mekong River. The study showed that 
the stretch between Chiang Sean and Loei has the highest risk, where rapid changes in water levels 
cause negative impacts on the local livelihoods along the riverbank, such as riverbank garden and 
fisheries.  

3. Roles of hydropower dams in minimizing the risks and 
uncertainties 

3.1. Roles in minimizing extreme floods  

3.1.1. Broader flood management context 
The role of dams and reservoirs in reducing risks from floods needs to be considered in the broader 
context of flood management, which has developed over time. Four approaches to flood management 
can be identified: indigenous flood adaptation, flood control and defence, non-structural approaches, 
and holistic approaches (Green et al., 2000).  

The indigenous flood adaptation approach includes usually local small-scale adaptation measures that 
allowed the local communities to live with the floods. This includes, for example building houses in the 
flood plains on stilts and raising the houses above expected flood level. The flood control and defence 
approach is an engineering approach that relies heavily on structural management methods, such as 
building dikes, embankments and dams. However, this approach was found to have its setbacks and was 
inadequate alone, which led to further development in flood management. The non-structural 
approaches focus more on minimizing the risks from flooding by planning and management of 
development and activities in flood risk areas than on controlling the flood as in the flood control and 
defence approach. The non-structural approaches may include preventing development in high-risk 
areas, flood proofing communities and structures at risk, and flood forecasting, warning and evacuation 
schemes.  

The holistic approach is a result of the recognitions of failures of the two previous approaches and is 
generally less optimistic. The holistic approach is characterized by the idea “living with floods” and it 
involves using multiple strategies. The focus is on the catchment as a whole, on economic and human 
development and on increasing involvement of public in the decision-making. For example, access to 
resources, education and to decision makers, and poverty are seen factors that can influence the 
people’s vulnerability on floods. 

The World Meteorological Organization (WMO) (WMO, 2017) views that flood management needs to 
take an integrated approach and involve multiple policy and management fields. Their integrated 
approach consists of five steps: 

• Reduce flood hazard (wetland restoration, green infrastructure) 
• Flood protection (embankments, flood barriers) 
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• Land-use regulation (setback lines, building restrictions, flood proofing) 
• Raising preparedness (early warning systems, evacuation plans, flood hazard maps)  
• Residual risk mitigation (emergency response, insurances/relief funds, recovery plans) 

Thus, there is a broad consensus that flood management strategies need to include measures that 
enhance the capacity of individuals and society to cope with the flood, in addition to management of 
floods through non-structural and structural approaches, such as dams and reservoirs. It is also well 
known that dams and reservoirs rarely provide full protection from floods, but they can reduce the flood 
risk (EUCOLD, 2010). However, in the following sections the focus is largely on the role of hydropower 
dams in minimizing extreme floods.    

3.1.2. Managing extreme floods with dams and reservoirs 

Dams and reservoirs can mitigate or alleviate floods, and the flood alleviation capacity varies from 
reservoir to reservoir, which is exemplified by an analysis of 44 cases in Europe (EUCOLD, 2010). The 
analysis found that the dams reduced flood peaks with varying capacity from 12 to 100% and on average 
by 54%. The target of flood alleviation can be to store the floodwaters completely, modify the flood to 
have slower rise rate and lower peak level (Figure 21) or to de-synchronize the flood peak with flood 
peaks from other tributaries.  

 
Figure 22. A schematic example of modification of flood by reservoir storage (Baldassarre et al., 2017). 

Large reservoirs in relation to the flood volume have a better potential for flood alleviation, but the 
flood alleviation depends also on whether flood management is part of the reservoir operation policy. 
This policy includes keeping a certain part of the reservoir empty for storing the flood water and 
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guidelines on how the flood events are managed. Without such policy in place, the storage can be too 
full to accommodate increased water levels and floods cannot be alleviated. 

An example of a reservoir with flood and management policy is shown in Figure 22, where the reservoir 
is divided into surcharge, flood control, conservation, buffer and inactive pools. The conservation pool is 
commonly referred as the multi-use zone, because water needs to be conserved in this pool for multiple 
and often conflicting uses. However, it can also be used for single purpose, such as hydropower. In order 
to optimize the use of water, the reservoir rule curve acts as a guide for dam operators. For flood 
management, the dam operators will try to keep the reservoir level as close as possible to the top of the 
conservation pool, or upper rule curve, to provide storage space for flood waters and to reduce the risk 
of flooding in downstream area. The flood control pool will remain empty except during flood events, 
and the flood peaks are attenuated in this zone during flood events. Surcharge pool is the temporary 
zone for uncontrolled storage volume above a spillway elevation, which can be used as a flood control in 
case emergency spillway could not drain floodwaters in a timely response. The lower rule curve, or the 
bottom of the conservation pool, acts as a guideline for operators to prevent risk of water shortage.  

 
Figure 23. An example of multi-pool reservoir storage with flood management policy. 

Flood forecasting is a central part of successful flood management with reservoirs. Rainfall run-off 
forecasts provide a lead time for reservoir operators to adjust to approaching flood. For example, the 
operators can be prepared for making quick decisions during the flood event as the reservoir may 
require emptying in advance to avoid dangerously high water levels in the reservoir, and to avoid 
destructive emergency releases. In addition, the downstream population needs to be warned of 
potential release of reservoir waters and floods.    

Downstream flood risk mapping, or zoning, is an important part of the flood management by dams and 
reservoirs. The mapping provides an understanding of areas that are prone to flooding, and this 
information can be used for land-use planning, giving flood warnings, and planning of water releases 
from the reservoir. In the areas with high flood risk the development activities may also be limited. 
Without such mapping uncontrolled development may occur in high flood risk areas.     
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Flood management by reservoirs carries some particular risks. Reservoirs can create a false sense of 
security in previously flooded areas and encourage development and people moving into these areas. 
This poses a major risk because reservoirs are capable of alleviate some, but not all, floods. For example, 
the reservoir may be able to protect downstream areas against floods with a 10-year occurrence 
interval, but not against floods with a 100-year occurrence interval. Another risk is that during a flood 
situation with rapidly rising water levels, the reservoir may need to release water to avoid endangering 
the safety of the dam structure itself, and by doing so aggravate the flood situation in downstream 
areas. Dam collapse or breakage is also a concern when water levels rise, which can have devastating 
consequences for downstream populations as shown in the recent Xepian-Xenamnoy dam disaster in 
Lao PDR in July 2019.  

Flood management with reservoirs requires coordination with other water users and communities 
during times of flood risk and should not occur in isolation. Floods have complex consequences; 
successful flood management should involve all stakeholders in the development of the flood 
management strategies and enhance knowledge on flood management needs. 

Flood management with reservoirs, however, often has to compete with other reservoir uses. In the 
case of hydropower production, the flood control storage reduces the amount of storage that can be 
used for power generation purpose, and this results in reduced economic revenue for the power 
company and its owners. The flood alleviation benefits in turn are experienced in the downstream areas. 
For this reason, flood management should be incorporated in dam and reservoir design since the 
planning phase. Incorporating flood management later on into the operational policy of an existing 
project can be difficult. The ownership of the project can be complex, and the power production targets 
and possible power purchase agreements may need to be adjusted and re-negotiated, and there may be 
a need to negotiate these changes at the political and transboundary level.    

A critical aspect to consider is also the effect of climate change on dam safety and reservoir operation. 
The International Hydropower Association provides a practical resilience guide for existing and future 
dams to withstand the risks of climate change (IHA, 2019). This includes identifying, assessing and 
managing climate risks to enhance climate resilience. The guides approach is based on five phases: 
project climate risk screening, analysis of climate data, climate stress test, climate risk management, and 
monitoring, evaluation and reporting.  

Altogether, the dams and reservoirs can alleviate floods, but it is also important to recognize their 
limitations. Dams and reservoirs may not be able to protect against all floods, and they may also cause 
or contribute to floods if not designed and managed properly. Therefore, flood management requires 
careful planning, design and management and it should occur as part of integrated flood management. 
The flood management policies of dams and reservoirs should also be based on binding agreements to 
ensure accountability and prevent mismanagement.   

3.1.3. Flood management challenges in the Mekong-Lancang River region 

The hydrology in the Mekong-Lancang River Basin is dominated by monsoon climate, with distinct wet 
and dry seasons, and influenced by tropical cyclones from the South China Sea (MRC, 2010). Both the 
monsoon and tropical cyclones can result in destructive floods, but the tropical cyclones have a 
distinctive role in flood development. The tropical cyclones occur commonly at the end of the rainy 
season, when soil, land surface and reservoir water storages are full, resulting in situation when even 
relatively small amounts of rainfall can cause devastating floods. 
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In the Mekong Region, a major challenge in mitigating floods through reservoirs is that run-off 
generated by the rainfall events are difficult to predict, and that the amount of run-off that the rainfall 
events produce can be excessive. Therefore, in the Mekong River region the situation for flood 
management is considerably different than in regions where major floods are caused by spring 
snowmelt, and the amount of flood waters can be relatively well known in advance from snowpack 
measurements. This brings a larger element of unpredictability to flood management in the Mekong 
Region, which should be integrated in the flood management policies of reservoirs, and flood 
management strategies in general. A devastating example of excessive run-off and inability of the 
reservoir to withhold storage is the collapse of the saddle dam of the Xepian-Xenamnoy hydropower 
project in July 2019 in Lao PDR. The dam break resulted in loss of lives, displacement of people and 
extensive damage to property.  

Addressing flood risks is critical in the Mekong-Lancang River Basin. The Mekong River Commission’s 
Council Study (MRC, 2018) estimates that flood damages will rise rapidly by a factor of 5-10. This rise is 
estimated to be a combined result of increase in extreme floods and increase in development in flood 
risk areas. For more information on floods in the Mekong River Basin, see MRC (2012, 2018). 

3.1.4. Case studies 

The research on how individual, cascade or network of reservoirs can manage extreme floods in the 
Mekong-Lancang River region is limited. This is a critical research gap in understanding the potential of 
dams and reservoirs in flood mitigation and alleviation.  

CS1: Flood management in Thailand and flood mitigation case studies  

In Thailand, reservoir operational activities are carried out by two main governmental agencies: Royal 
Irrigation Department (RID) and Electricity Generating Authority of Thailand (EGAT). The former is under 
the Ministry of Agriculture and Cooperatives (MOAC) and the latter is under the Ministry of Energy.  

In case of extreme events, the overall structure for reservoir operations is schematized in Figure 24. 
EGAT has a role to monitor the situation and plan reservoir operations under the governance by 
National Subcommittee on Water Situation Monitoring and Water Resources Management, which is 
composed of related agencies from various ministries. The committee plans release water volumes from 
the reservoirs and adjust operation plan purposed by EGAT according to the downstream channel 
capacity or maximizing electricity generation. While during the emergency situations, spillway gate 
operation will be considered through the consultation with the committee. The committee is also 
responsible for early warning, evacuation and emergency response by cooperating with local 
governmental agencies and affected people. 
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Figure 24. Schematic diagram for reservoir operations during emergency situations in Thailand. 

Floods occurred between July and October 2013 and affected 25 provinces across Thailand (Reliefweb, 
2013). In Kanchaburi province, the western part of the country, heavy overnight rains partially damaged 
a bridge and several houses. A section of the famous wooden Mon Bridge in Sangkaburi district 
collapsed during the flash floods after the rising waters swept away its piers. The collapse took place 
after three consecutive days of torrential rain in the province. 

Vajiralongkorn dam is a multipurpose dam constructed on the Kwae Noi river, one of the tributaries of 
Mae Klong River (Figure 24). The Mae Klong River flows through eight provinces including Kanchanaburi 
and drains to the Gulf of Thailand. In the upper part, two large storage dams have been constructed as 
indicated in Figure 25, while there is the Tha Thung Na regulating dam in the downstream part of the 
river to regulate the upstream reservoir water releases and also to control downstream releases to Mae 
Klong River. During the 2013 flood, it was observed that Vajiralongkorn Dam produced an effective flood 
attenuation with the reduction of flood peak by 95% as can be seen in Figure 26. 
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Figure 25. Map showing Mae Klong River Basin and dams. 
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Figure 26. Inflow and outflow of Vajiralongkorn Dam in Kanchanaburi, Thailand during the 2013 flood (data 
provided by EGAT) 

In 2017, Thailand was hit by ten tropical storms resulting in heavy rain and flood across the country. The 
amount of rainfall was 25% higher than the average and the northeastern region of Thailand was the 
most severely flooded. Floods occurred mainly during one month of October 2017 and affected 20 
provinces (HII, 2017). During the floods, it was observed that large dams and reservoirs alleviated floods. 
The Ubol Ratana dam which is a multi-purpose dam in Khon Kaen province (Figure 26) maintained the 
outflow rates to reduce downstream flooded areas. As illustrated in Figure 26, outflow releases were 
maintained at a steady stage for more than two weeks, while there was much more inflow to the 
reservoir. The reservoir water level was kept at a surcharge storage zone for a few days in which the 
levels exceeded both Flood Control Rule Curve (FCRC) and Normal High Water Level (NHWL). 
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Figure 26. Figures showing Chi River Basin and dams (above) and inflow and outflow of Ubol Ratana dam 
in Khon Kaen during the 2017 flood (below) (The upper figure is extracted from Friend R. and 
Thinphanga P., 2018 and the lower one is provided by EGAT). 
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CS2: The role of Three Gorges Reservoir in mitigating floods 

The Three Gorges Dam (TGR), located on the Yangtze River in China, is one of the world’s largest dam 
projects with dam crest height of 185 m, total storage capacity of 39.3 billion m3 and installed power 
capacity of 22,500 MW (Xiaocong, 2019). The power generating units became online in 2008 and the 
reservoir reached is full supply level in 2010. The TGR has multiple operational objectives and these 
include electricity production, flood management, navigation, water supply and environmental services. 

Flood disasters have been frequent in the Yangtze River; some of the worst floods of the 20th century 
occurred in the Yangtze in 1931, 1954, 1991 and 1998. Thousands of people lost their lives and millions 
were affected by these floods, and flood management became one of the primary goals in the 
governance of the Yangtze River. 

The flood management system of the middle and lower reaches of the Yangzte River consists of several 
activities, but the TGR has a major role. The TGR has three mains tasks for flood management: 
guarantee the safety of the dam, reduce the flood magnitude at Jingjiang River reach, and reduce flood 
diversion in the Chenglingji area. 

The allocation of the TGR reservoir storage for flood management is shown in Figure 27. The lowest part 
from 145 m to 155 m is used for Chenglingji and Jingjiang and their safety flow levels are 60,000 m3s and 
56,700 m3s, respectively. The storage part from 155 m to 171 m is used for Jingjiang, and the part from 
171 to 175 is used for river reach from the dam to Zhicheng.  

 
Figure 27 Schematic diagram of flood storage capacity allocation of the Three Gorges Reservoir (Xiaocong, 2019). 

The TGR has managed to reduce the magnitude of two severe floods with peak flows over 70,000 m3s, 
as shown in Table 2. In 2010 the TGR reduced the flood peak from 70,000 m3s to 40,000 m3s (-43%) and 
in 2012 from 71,200 m3s to 44,100 m3s (-38%) thus keeping the flows under the safety levels of 
Chenglingji and Jingjiang. The TGR’s operation has also reduced the magnitude of smaller floods. 
However, it is also acknowledged that despite the large flood control capacity of the TGR, the flood 
control effect is limited to the lower reaches of the Yangtze, where flood control measures are 
dominated by dikes.  
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Table 2. Flood cut rates of the Three Gorges Reservoir (Xiaocong, 2019). 

 

CS3: Observed changes in flow regimes in the Mekong River Basin 

An analysis of river flows of the Mekong  found that hydropower reservoirs in the Lancang Basin have 
reduced annual high flows (Li et al., 2017). The study compared flows from 1960-1991 to flows from 
2010-2014 and analysed changes in multiple flow indicators. The hydropower reservoirs were found to 
reduce annual maximum flows (from 1 to 7 day maximum) by 34-40% at Chiang Saen after the 
construction of hydropower dams during the period 2010-2014 compared to period 1960-1991. These 
reductions are most likely a result of hydropower operations without specific flood management 
operations; Moreover, no individual extreme flood events were analyzed in the study.  

CS4: Dam construction in Mekong-Lancang River Basin could mitigate future flood risk from 
warming-induced intensified rainfall 

A study on hydropower projects in the Mekong-Lancang mainstream found that flood risk may increase 
under  future climate and that dams may reduce the increased flood risk (W. Wang et al., 2017). The 
research uses five general circulation models, two climate scenarios (RCP4.5 and RCP8.5), a hydrological 
model, and a simple reservoir regulation model to investigate future flood conditions and potential 
effect of 22 existing and planned hydropower projects in the Mekong-Lancang mainstream on reducing 
flood risk. They project increases in maximum annual flood (MAF) and flood frequency, particularly in 
the Mekong Basin, and find that hydropower reservoirs may reduce the increased flood risk. Simulations 
with historical climate (1975-2004) show that the effect of hydropower on flood risk is higher in the 
upper parts of the Mekong River. At Chiang Saen, the MAF is estimated to decrease by 29.5% in contrast 
to 2.6% reduction at Stung Treng, as shown in Figure 28. Under climate change (2010-2099) reservoir 
are estimated to reduce MAF and flood frequency, particularly in the upper parts of the Mekong Basin. 
In the near future, the MAF and flood frequency may be lower than under historical climate due to 
reservoirs, and as the climate change progresses the reservoirs still have reducing effect on MAF and 
flood frequency, but MAF and flood frequency may be higher than under historical climate, as shown in 
Figure A3. They conclude that reservoirs have been able to reduce flood risk consistently with larger 
effect in upstream basin where reservoir with larger storage capacities are located. 
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Figure 28. Estimated reduction of a) maximum annual flood (MAF) and b) flood frequency at Mekong mainstream 
by 22 mainstream hydropower projects using historical climate of 1975-2004 (W. Wang et al., 2017). CS: Chiang 
Saen; LP: Luang Prabang; NK: Nong Khai; MK: Mukdahan; PS: Pakse; and ST: Stung Treng. 

CS5: Assessment of flood risk and capacity for control in Mekong hydroelectric reservoirs 

A screening of existing and planned hydropower reservoirs in the Mekong River Basin finds highly 
varying capacities for flood control (Ketelsen et al., 2014). The study screened 67 reservoirs in the lower 
Mekong Basin for flood control and flood related risk. The study developed a Flood Index for reservoirs 
that incorporates the capacity of the reservoir to control floods, flood occurrence, and downstream 
flood impact potential. Based on the screening they found that, reservoirs are mainly built for 
hydropower production and not for flood management, the existing hydropower designs often have 
poor capacity to control floods, and some of the largest reservoirs have the smallest capacity to control 
floods. The screening further categorizes the reservoirs according to flood threat, control and impact 
potentials. The projects that were identified to require urgent intervention are Lower Sesan 2, Nam 
Khan 1 and Xelabam. 

CS6: Flood control challenges for large hydroelectric reservoirs – Example from Nam Theun-
Nam Kading basin, Lao PDR  

A case study of the Nam Theun 2 hydropower project found that even large hydropower reservoirs can 
have many challenges in controlling extreme floods (Ward et al., 2013). The study looked at the flood 
history and flood situation in 2002 in Nam Theun-Nam Kading catchment in Laos and found that even 
large reservoirs, such as Nam Theun 2 with reservoir storage of 3.53 km3, can have challenges in 
mitigating extreme floods (Note: Nam Theun 2 was not built yet in 2002). The flood control challenge for 
flood such as in 2002 was associated with two key factors. First, the extreme flood event occurred in the 
late wet season when the soil water storage and reservoir storages are commonly full. Second, tropical 
storms and cyclones can result in extensive amounts of run-off, which rapidly fills up even large 
reservoirs. The study also showed that a delay in the dam operator’s response or malfunction in one 
spillway gate could affect dam overflow and lead to an emergency situation similar to the 2002 flood 
event.  

CS7: Risk reduction or redistribution? Flood management in the Mekong Region 

The critical review of current flood management policies and practices in Thailand, Vietnam Myanmar, 
Cambodia find that promises made on managing floods with structural means have not always been 
met, and flood protection has often focused on protecting certain subsets of population or places, such 
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as business districts, while the main burden of flood risks has been shifted to more vulnerable groups 
(Lebel et al., 2009a, 2009b). Flood management is also considered to be mostly driven by state 
authorities and experts and seen as technical exercise with negotiations rarely occurring among all 
stakeholders. These critical observations, despite being presented over a decade ago, are still relevant 
today to provide useful insights for flood management in the future. 

3.2. Roles in minimizing extreme droughts  

3.2.1. Broader drought management context 

According to WMO, integrated drought management is based on three key areas: i. monitoring and 
early warning, ii. vulnerability and impact assessment, iii. mitigation, preparedness and response (WMO, 
2019).  

A drought monitoring and early warning system (DEWS) is the foundation for effective drought policies. 
DEWS monitor trends in water resources and supply and estimates the probability of occurrence and 
severity of the drought and informs citizens in a timely manner of the onset of drought through 
appropriate communication channels. Effective use of this information is the basis for reducing 
vulnerability and supporting drought mitigation and response. 

Vulnerability and Impact Assessment focuses on understanding historical, current and future impacts of 
droughts, and assesses the vulnerability of different population groups and activities. This is aimed at 
improved understanding of both human and natural processes for managing droughts and the outcome 
is vulnerability profiles for different, regions, population groups and activities.  

Drought mitigation, preparedness and response focuses on determining the appropriate actions for 
reducing vulnerability and drought impact. This includes risk reduction, mitigation actions, and 
engagement of appropriate agencies, ministries and organizations in mitigation actions. The actions can 
be divided to long-, medium- and short-term actions. Long-term action may involve national drought 
management policy, medium-term actions are implemented in timely manner prior, during and after 
drought. Short-term actions are emergency actions and are implemented by responding to basic needs 
of affected population. 

For more detailed description of elements for best practices for drought management see UNCCD, FAO 
and WMO (2013). 

3.2.2. Managing extreme droughts with dams and reservoirs 

Hydropower reservoirs, or reservoirs in general, have the potential for improving water availability 
during dry periods and extreme droughts through controlled water releases. This potential, however, 
depends on several factors. 

The reservoir has to be large enough to store water that is adequate for effective drought relief. The 
drought relief needs to be incorporated into the operational policy of the reservoir so that certain parts 
of the storage is allocated for drought relief and not used for other purposes, as in flood management 
through dams and reservoirs (see Figure 22). The reservoir is likely to suffer the same drought conditions 
as the downstream areas, and without a policy for drought relief storage allocation, the reservoir can 
run dry and lose its drought relief capacity. 
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The benefits of the downstream drought relief depends considerably also on the capacity of the 
downstream population and different sectors to benefit from the water releases. A key requirement is 
that water releases are organized in a coordinated manner that all water users can anticipate and 
prepare for them. Some sectors may also require improvements in infrastructural and institutional 
capacity to benefit from temporarily increased water availability. For example, agricultural sector may 
require improved water abstraction facilities and institutional arrangements to coordinate with the 
water releases.   

Drought conditions develop gradually in time and they can often be monitored and forecasted, which is 
one of the most important parts of the preparation for droughts and mitigating its impacts. For example, 
soil moisture deficits and low water levels are a result of lower accumulated rainfall, which all can be 
monitored and future rainfall patterns can be forecasted to an extent. In addition, major droughts have 
been linked to broader climate phenomena, such as El Niño, and they also develop in time, which allows 
planning of water storage operations and releases.  

The drought management through reservoirs can potentially come in conflict with other water uses, 
such as hydropower generation. This can be exaggerated during extreme droughts when water is scarce 
for all water users. Therefore, a conflict resolution mechanism may be required, particularly in 
transboundary settings. 

The water releases for drought relief may also be unequally distributed. The risk is that the main 
beneficiaries are only those in the vicinity of the river channel with infrastructural and institutional 
capacity to benefit, while those lacking these capacities may remain in the grip of the drought.  

3.2.3. Drought management challenges in the Mekong River region  
The hydrology in the Mekong-Lancang River Basin is dominated by a monsoon climate with distinct wet 
and dry seasons (MRC, 2010). Despite the extensive monsoon rainfall the basin is also considered as a 
drought-prone environment and even small variations in the rainfall can induce drought conditions 
(Adamson and Bird, 2010). This is critical, particularly for the agricultural sector, which is largely rainfed. 

The Mekong-Lancang Region experiences different types of droughts and their timing, and geographical 
location and extent varies (Adamson and Bird, 2010). This results in a need for different responses for 
different types of droughts. For example, hydrological drought of the river channels may be alleviated 
with reservoir water releases, but meteorological droughts away from river channels require a different 
approach. The droughts can also occur in the dry season, early wet season, during the wet season and in 
late wet season, which affects their management. Reservoirs are likely to have the largest positive 
impacts on droughts during the dry season, but less impact on droughts-related rainfall deficit during 
the wet season. The Lancang Basin and the Mekong Basin seem to also have somewhat different 
drought regimes (Adamson and Bird, 2010). 

The water use and demand for water in the Mekong Region is increasing, which requires new and 
improved water supply infrastructure. This, however, poses an additional challenge. The increased 
water supply enables higher water demand can offset the benefits of water supply infrastructure and 
increase drought vulnerability and drought damage (Baldassarre et al., 2018). Therefore, building 
drought resiliency and water use efficiency are of key importance in drought management also in the 
Mekong River Basin. 
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The Mekong-Lancang River is also a transboundary river basin with six countries, and from the drought 
management perspective this means that countries are becoming increasingly dependent on 
transnational drought management, particularly in upstream-downstream settings. For more 
information on droughts in the Mekong River Basin see e.g. MRC (2012). 

3.2.4. Case studies 
The research on emergency water releases from reservoirs and the benefits of these release for 
different sectors under extreme drought condition is limited in the Mekong-Lancang River region. This is 
a critical research gap in understanding the potential of dams and reservoirs in alleviating extreme 
droughts.  

CS8: Thailand’s water management in the dry season 

In Thailand, reservoir operational activities are carried out by two main governmental agencies: Royal 
Irrigation Department (RID) and Electricity Generating Authority of Thailand (EGAT). The former is under 
the Ministry of Agriculture and Cooperatives (MOAC) and the latter is under the Ministry of Energy. 
During dry season, those two agencies are structured under the governance by the Committee on Dry 
Season Crops Planning, as indicated in the Figure 30. RID determines weekly and monthly reservoir 
operations in response to crop water needs in the dry season cropping areas provided by the 
committee. Those plans are also distributed to EGAT in order that EGAT can substantially balance the 
water uses both for crop cultivation and electricity demands. Water volumes released from the 
reservoirs are then optimized for the needs in each sector. 

 

Figure 29. Thailand’s water management in dry season (adopted from EGAT’s presentation dated 25 September 
2018) 
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CS9: The drought of 2016 and emergency water supplement from reservoirs in China and 
Lao PDR 

During the dry season of 2016, the Mekong-Lancang River Basin experienced a drought, which led to the 
provision of emergency water supplement from the Nuozhadu and Jinghong reservoirs in the Lancang 
River Basin in China (Chuthong et al., report under preparation; MRC & MWRPRC, 2016). The emergency 
water supplement was provided in three stages: i. from 9 March to 10 April 2016, with average daily 
discharge of 2,000 m3/s; ii. from 11 April to 20 April 2016 with minimum discharge of 1,200 m3/s; and iii. 
from 21 April to 31 May 2016 with discharge of 1,500 m3/s. Total volume released from Jinghong was 
12.65 billion m3: 6.10 billion m3 in the first stage, 1.07 billion m3 in the second stage, and 5.48 billion m3 
in the third stage. The total release corresponds to 103% of the active storage of the Jinghong (12.3 
billion m3) and 55% of the active storage of the six reservoirs in the Lancang-Jiang cascade (23.2 billion 
m3) (reservoir storages from MRC, 2015). 

The emergency water supplement arrived at Chiang Saen on 11 March, Luang Prabang on 14 March 
Chiang Khan on 17 March, Nong Khai on 19 March, Nakhon Phanom on 22 March, Mukdahan on 23 
March, Pakse on 25 March, Stung Treng on 27 March, Kratie on 28 March and Tan Chau on 1 April. The 
emergency supplement increased the water levels and discharge of the Mekong River by 0.18-1.53 m or 
602- 1,010 m3/s, respectively, depending on location. The salinity levels at the Mekong Delta were also 
reduced by the water supplement. The propagation of emergency supplement in the Mekong River is 
shown in Figure 31.  

 
Figure 30. Emergency water supplement from Nuozhadu reservoir in 9th of March to 31st of May in 2016, and its 
propagation in the Mekong River (MRC & MWRPRC, 2016).  



49 

 

Additionally, hydropower reservoirs in the large tributaries of the left bank of the Mekong mainstream 
in Lao PDR between Vientiane and Khammoaune, including Nam Ngum, Nam Theun-Nam Kading and Xe 
Bang Fai contributed dry season flows to the mainstream. The volumes in the dry season for 2010-2015 
and 2016 were found to increase when compared to the average volumes of 1960-2009 (MRC & 
LMWRCC & IWHR & IWMI, 2019). 

3.3. Roles in minimizing water level and flow fluctuations  

3.3.1. Managing water level and flow fluctuations with dams and reservoirs    

In natural systems, not altered by humans, the water level and flow fluctuations are result of rainfall 
events, but in human altered systems hydropower operations can play an important role in the 
fluctuations. The fluctuations can be increased or decreased depending on the hydrological regime of 
the river and how the hydropower is operated. The fluctuations that are the focus of this section are 
short-term – hourly to daily – changes in water level and flow.   

The hydropower operation often results in rapid water level fluctuations, which are due to releasing 
water to generate power, opening and closing of spillway gates during floods, and sediment 
management operations. Hydropower plants adjust to changes in power demands by increasing or 
decreasing the water flow through turbines. This is called ramping and the ramping rate of advanced 
hydropower plants can be 5-15 MW/s. The hydropower project providing base load typically produces 
less downstream water level fluctuations than those providing peak load. During flood conditions, or 
preceding those, reservoirs may need to release large quantities of water for safety reasons, and a late 
response to flood situation may result in rapid openings of spillway gates and thus rapid changes in 
downstream water levels. The flushing of sediments from the reservoir requires also release of large 
quantities of water, which is the observed in downstream areas as sudden water level fluctuations. 

The downstream water level fluctuations are generally minimized by slower ramping rates, graduated 
and slow opening of spillway gates and by re-regulating the water releases by re-regulating the dam. 
The possibility to adjust ramping rates depends on the operational design of the hydropower project. 
Base load type projects have generally slower ramping rates than peak load types, and have potentially 
more possibility for adjustment. The graduated and slower opening of spillway gates is likely to require 
advance planning and preparation for releases. For example, ahead of a flood situation early forecast of 
incoming flood volumes can help in planning of releases through the spillway. Re-regulating dams 
generally reduce downstream water level fluctuations by buffering rapid flow changes from ramping in 
power production.  

In the case of a cascade of hydropower projects, there are potentially more opportunities to minimize 
downstream water level fluctuations. The faster ramping could be done in more upstream projects 
giving time to the lowest project of the cascade to ramp up more gradually. To change the operations of 
existing hydropower project to minimize downstream water level fluctuations, changes and negotiations 
on several levels may be required.  
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3.3.2. Water level fluctuation management challenges in the Mekong-Lancang 
River Basin 

In the Mekong-Lancang River Basin, the natural hydrological regime of the monsoon season is 
characterized by large and rapid water level fluctuations, which are result of intense rainfall (MRC, 
2014). These fluctuations can reach disruptive and dangerous levels, particularly in more mountainous 
catchments with steep slopes and intense rainfall. During the dry season the rainfall is limited and 
natural water level fluctuations are mild. The rainfall driven fluctuations become also milder moving 
towards the downstream areas of the Mekong-Lancang River. 

The riparian people, who have traditionally used the Mekong River for livelihood and economic 
activities, are accustomed to the natural flow regime with its water level fluctuations (MRC, 2010). For 
example, the lower water levels and mild water level fluctuations in the dry season has enabled the use 
of riverbanks and flood plains for agricultural purposes. However, the hydropower development in the 
Mekong-Lancang River and its tributaries has changed the natural flow regime and the natural water 
level fluctuation patterns in many areas, which has resulted in damage to property and agriculture, 
navigation challenges, loss of livelihoods, and even loss of lives (Wyatt and Baird, 2007). Thus, the 
challenge is how to minimize the negative impacts of rainfall and hydropower driven water level 
fluctuations. 

3.3.3. Case studies 

At present, there are limited studies on how individual, cascade or network of reservoirs have can 
minimize water level fluctuations in the Mekong-Lancang River.  

CS10: The effect of hydropower operation on downstream water level fluctuations 

Water level fluctuations in the Mekong mainstream were analysed at Chiang Saen, Luang Prabang, 
Chiang Khan and Khong Chiam using daily water level data and by comparing the fluctuations in 2014-
2017 to fluctuations in pre-hydropower period of 1960-1990 (Annex C). The analyses suggest that 
hydropower operations have considerably affected the water level fluctuations in 2014-2017. The daily 
water level variability was reduced during the wet season at all four gauging stations by 20-33% and also 
during the dry season at Chiang Saen by 47% and Khong Chiam by 29%; the highest water levels of peak 
months of July-September were reduced by 7-29% at all four gauging stations; the daily water level rise 
and fall rates increased 55-500% during the dry season months of February-April at all four gauging 
stations; and the dry seasons in 2014-2017 exhibited large and rapid water level changes up to over two 
meters, which is uncharacteristic for pre-hydropower water level regime. 

CS11: Minimizing downstream flow and water level variability at Nam Theun 2 hydropower 
project in Lao PDR 

Nam Theun 2 is a 1070 MW project in central Laos (MRC, 2015), and it is a water diversion project, 
where water is diverted from Nakai-Nam Theun River to Xe Bang Fai River in order to produce a head of 
356 m. The project has a reservoir with live storage of 3378.4 million m3 and a surface area of 450 km2. 
The power station is equipped for peaking operations and the plant design discharge is 334 m3/s.  

The Nam Theun 2 is designed to provide peak load which cause frequently rapid downstream water 
level fluctuations. In order to minimize the water level fluctuations in the Xe Bang Fai River, the project 
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has a re-regulating pond after the power station and turbines, shown in Figure 32. The live storage of 
the re-regulating pond is 8 million m3 (NTPC, 2019), which corresponds to water volume of almost seven 
hours of electricity production at plant design discharge.  

a 

Figure 31. The dam of the re-regulating pond of the Nam Theun 2 hydropower project in Lao PDR (Photo: Timo A. 
Räsänen). 

 

CS12: Minimizing downstream flow and water level variability at Xiangjiaba hydropower 
project in China 

Xiangjiaba hydropower project is on the lowest downstream cascade dam site of the hydropower 
planning about Jinsha River, located at the junction of Yibin County in Sichuan Province and Shuifu 
County in Yunnan Province, which controls the basin area of 458,800 km2, accounting for 97% of the 
Jinsha River Basin area. The upper reaches of the power station are 156.6 km from Xiluodu dam site, 33 
km from Yibin city in Sichuan, 1.5 km from Shuifu County town in Yunnan and 2.5 km from Shuifu Port. 
The main task of engineering design and development is to generate electricity, improve navigation 
conditions and also give consideration to flood control and irrigation. 

The normal storage level of the reservoir is 380m. The dead water level and the flood control limited 
water level are 370.00m. The total storage capacity is 5.163 billion m3, and the regulating storage 
capacity and flood control storage capacity are 903 million m3, which have incomplete seasonal 
regulating capacity. The installed capacity of the power station is 6 million kW, and the rated capacity of 
a single unit is 750,000 kW. 
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Figure 32. The XiangJIaBa Hydropower Project  

Xiangjiaba hydropower project is located in Xinshi Town, which is on the lower reaches of Jinsha River. 
On the 105km-length navigable reach of Yibin, above the dam site the navigable mileage is 72.5 km, and 
under the dam is 2.5 km from Shuifu Port and 32 km from Yibin Port. The Shuifu-Yibin section is 
currently maintained by V-class waterway and is planned to be Class III waterway; the Xinshizhen-Shuifu 
section is currently maintained by V-class waterway and is planned to be Class IV waterway. 

In order to ensure the requirement of the navigation depth and the width of downstream waterway, as 
well as the requirement of production, living and ecological water use, the minimum navigable flow of 
the power station is approved as 1200 m3/s in the feasibility study stage. According to China's energy 
industry standard "Specification for Acceptance of Hydropower Engineering" (NB/T 35048-2015), one of 
the necessary conditions for the acceptance of water storage in hydropower projects is to formulate 
regulations for reservoir operation and operation of hydropower stations, which are examined and 
approved by the project management department. 

In the regulation, the fluctuation range of downstream water level will be determined according to the 
demand of flood control, water supply, shipping and ecology, so that the reservoir can be dispatched 
and operated within the allowable fluctuation range of water level. In order to meet the need of 
navigation in the lower reaches of Xiangjiaba Hydropower Station, the Xiangjiaba Reservoir regulates the 
variation and rate of the discharge flow. The maximum daily variation of water level in the lower 
reaches is controlled by 4.5m/d and the maximum hourly variation is controlled by 1.0m/h, so as to 
reduce the variation of water level in the lower reaches. 
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PART V: RECOMMENDATIONS 
The review of climate change studies shows an increased occurrence of extreme climate events such as 
floods and droughts in the Mekong-Lancang River Basin. Extreme events are projected to further 
increase in intensity and frequency under future climate scenarios, with large uncertainties posed for 
the future of river flows and water resources. At the same time, the continuing rapid social and 
economic development in the Mekong-Lancang Region is leading to increased competition over water 
resources. These developments lead to increasing vulnerability and risks for a large population. Climate 
change affects river flow regimes and water availability and has consequently widespread socio-
ecological impacts that will necessitate a wide range of adaptation strategies.  

The following recommendations – based on the review of literature and case studies, interviews and 
consultations with key agencies and original analysis undertaken by this assessment – are proposed for 
hydropower projects towards improving adaptation to climate change uncertainties, including flood, 
drought and water level fluctuations. 

Recommendation 1: Improve accuracy and efficiency of the regional flood and drought monitoring 
and early warning systems through enhancing data sharing – such as the daily dry season flows and 
daily water releases from the large hydropower projects on the Mekong-Lancang mainstream and 
tributaries. Data sharing can be enhanced through existing regional mechanism such as MLC, MRC and 
JCCCN. Also, enhanced hydro-meteorological observation networks and forecasting systems on the 
Mekong-Lancang mainstream and tributaries, and high-resolution satellite data, can help improve 
monitoring and early warning systems.   

The information from monitoring and warning systems of large hydropower projects on the Mekong-
Lancang mainstream and tributaries should be integrated into the existing regional flood and drought 
monitoring and early warning systems to improve the accuracy and efficiency of the systems. This would 
improve notification of downstream countries and communities on approaching flood, drought and 
anomalous water level events. The regional monitoring and warning systems should function with 
minimal time delay in notifying downstream countries and communities for minimizing risks from 
extreme conditions and anomalous water level fluctuations.  In the transboundary context, Viet Nam 
and Cambodia are good examples of sharing the operational rules data of hydropower projects in 
Srepok River under normal and emergency conditions. In weekly timescales, the water release data from 
Vietnam’s hydropower developers is shared with Cambodia.  

This recommendation could be mainstreamed into: 

- Five-year Action Plan on Lancang-Mekong Water Resources Cooperation (2018-2022) under the 
areas of cooperation on IWRM and climate change adaptation and transboundary river 
cooperation and information sharing  

- Basin Development Strategy (2021-2025) and Regional Flood and Drought Management 
Strategy of Mekong River Commission 

- Implementation of Agreement on Commercial Navigation on Lancang-Mekong River under 
Article 21.f “for the purpose of safe and smooth navigation, especially in dry season, to 
cooperate to a possible extent in the provision of waterflow and the relevant data” 
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Recommendation 2: Integrate sustainable hydropower development into climate change adaptation 
strategy and disaster management strategy, including flood and drought management programmes at 
national and regional levels. Also, integrate climate change adaptation into water-food-energy nexus 
and sustainable hydropower planning and development to promote appropriate designs and 
multipurpose uses of hydropower projects for managing extreme floods and droughts. 

At the regional level, there is a gap in mainstreaming the role of hydropower projects in minimizing 
uncertainty and risks from climate change in the current regional climate change adaptation strategy 
and flood and drought management programmes. Therefore, this issue should be discussed and 
integrated in the forthcoming planning processes. At national level, most hydropower projects in 
Thailand and China are designed for multipurpose functions which give flexibility in mainstreaming the 
role of hydropower projects in minimizing risks from extreme floods and droughts through adaptive 
operation rules. Lao PDR have only recently started implementing flood and drought management into 
the hydropower operation. This may take some time for Lao PDR to gain the experience and integrate 
the system within the country and with the regional programmes.  

This recommendation could be mainstreamed into: 

- Five-year Action Plan on Lancang-Mekong Water Resources Cooperation (2018-2022) under the 
areas of cooperation on IWRM and climate change adaptation and Sustainable hydropower 
development and energy security  

- Mekong Climate Change Adaptation Strategy and Action Plan (2021-2025) and Sustainable 
Hydropower Development Strategy of Mekong River Commission 

 

Recommendation 3: Develop education and public awareness-raising programmes on climate change 
and its impacts, and the role of hydropower in adaptation measures to minimize risks to vulnerable 
communities. These efforts need to be integrated into climate change adaptation plans at the national 
and regional levels to enhance the capacity of communities to adapt and address current and 
potential impacts of climate change at the grassroot level.  

There is a need to identify communities who are most at risk to the impacts of climate change including 
rapid fluctuations in the river water levels. Improved  public awareness is an essential element to 
responding to climate change risks. Decision-makers need to better understand and address grassroot 
problems and enhance wider understanding of the role of hydropower development and operation. This 
would encourage changes in public attitudes and behaviour, and helps them adapt to climate change 
impacts. Education and awareness-raising can enable informed decision-making, and play an essential 
role in increasing adaptation and mitigation capacities of communities to address climate change 
impacts. 

 

This recommendation could be mainstreamed into: 

- Five-year Action Plan on Lancang-Mekong Water Resources Cooperation (2018-2022) under the 
areas of cooperation on IWRM and climate change adaptation  

- Mekong Climate Change Adaptation Strategy and Action Plan (2021-2025) and Sustainable 
Hydropower Development Strategy of Mekong River Commission 
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Recommendation 4: Conduct basin-wide joint studies through the MLC and MRC or bilateral 
cooperation on the following topics:  

• Evaluation of the capacity of existing and proposed hydropower projects in mitigating 
extreme floods and providing drought relief and associated downstream transboundary 
benefits from flood and drought relief, including the capacity of hydropower projects and dam 
safety for adapting to climate change uncertainty. 

Current scientific evidence is scarce on the capacity of hydropower reservoirs for flood and 
drought management on the Mekong-Lancang region, which limits the understanding of the 
associated benefits and risks. The capacity of the reservoirs for flood management varies, and it 
is known that many dams and reservoirs can mitigate against floods, but not against all floods. 
Overly optimistic approaches may result in creating a false sense of security and increased risk. 
The drought management capacity of the reservoirs is also likely to vary, and the benefits of the 
drought relief depend on the possibilities and capacity of the downstream population and 
countries to benefit from the drought relief measures. Climate change contains considerable 
uncertainty, and the existing and proposed dams and reservoirs will need to accommodate this 
uncertainty, while at the same time continue to provide flood and drought relief. Inadequate 
dam and reservoir designs may increase disaster risk if weather events become increasingly 
extreme. 

• Management of rapid water level fluctuations and associated causes.   

Rapid water level fluctuations cause an inherent risk for riparian population and economic 
activities, but the management of these fluctuations and their consequences are poorly studied 
and should be investigated further. Rapid water level fluctuations are traditionally managed 
with adjusting water releases from reservoirs and by re-regulating dams downstream of 
hydropower projects.  

• Mechanism for data sharing during emergency situations related to extreme floods, droughts 
and rapid water level fluctuations 

Preparedness is a key for minimizing risks from extreme weather events and anomalous water 
level fluctuations. Therefore, mechanisms need to be developed for sharing information and 
data in a timely manner for relevant agencies and authorities to improve preparedness.   

• Extreme events, their transboundary socioeconomic impacts, and disaster risk management. 

More research is needed to improve understanding of extreme weather events and their 
socioeconomic impacts in the Mekong-Lancang Basin. This line of research provides 
foundational information for climate change adaptation needs, which can be used for improving 
planning of hydropower development and operations. 

All basin-wide joint studies should adopt the stakeholder participation approach by engaging academic 
and research institutes at national and international levels to provide technical knowledge and skills as 
well as involving local communities to share their experiences, local knowledge and be part of 
identifying solutions to address problems.  
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This recommendation could be mainstreamed into: 

- Five-year Action Plan on Lancang-Mekong Water Resources Cooperation (2018-2022) under the 
areas of cooperation on IWRM and climate change adaptation, sustainable hydropower 
development and energy security and transboundary river cooperation and information sharing  

- Basin Development Strategy (2021-2025), Mekong Climate Change Adaptation Strategy and 
Action Plan (2021-2025) and Sustainable Hydropower Development Strategy of the Mekong 
River Commission 

Recommendation 5: Develop joint operational guidelines for the cascade of hydropower projects on 
the Mekong-Lancang mainstream and main tributaries to minimize downstream transboundary 
impacts from extreme floods, droughts and rapid water level fluctuations.   

Currently, there are no operational guidelines for the cascade of hydropower projects on the Mekong-
Lancang mainstream and tributaries to reduce downstream transboundary impacts from extreme floods 
and droughts, and rapid water level fluctuations. Learning from the historical experiences, such as 
extreme flood in 2011, extreme drought in 2015/2016 and rapid water level fluctuations during 2015-
2017, it is not clear how the cascading hydropower projects should be operated to reduce negative 
impacts in downstream countries. The joint operational guidelines should be built on the national 
procedures, regional guidelines, such as MRC-Preliminary Design Guidance (PDG) for Proposed 
Mainstream Dams in the Mekong Basin, and the key findings from the studies in Recommendation 3.  

This recommendation could be mainstreamed into: 

- Five-year Action Plan on Lancang-Mekong Water Resources Cooperation (2018-2022) under the 
areas of cooperation on Sustainable hydropower development and energy security  

- Sustainable Hydropower Development Strategy of Mekong River Commission 
- National policy and strategy on hydropower development and water resources management  

Recommendation 6: Support, promote and increase engagement of hydropower sector with 
responsible business practices and use of local knowledge of downstream communities through 
existing regional mechanism such as MLC and MRC to seek sustainable solutions for minimizing 
transboundary impacts and maximizing the benefits of hydropower development and operation. 

All stakeholders should be adequately engaged in the management of water resources to reduce their 
vulnerability from floods, droughts and rapid water level fluctuations. Participatory approach would also 
improve the knowledge base of water resources management through inclusion of local knowledge 
between upstream-downstream countries. Through participatory approach hydropower projects would 
also gain information for improving their operations and designs. Therefore, a participatory stakeholder 
forum, that allows long-term development of water resources management around hydropower 
projects is recommended and should be merged with the existing platforms such as MRC stakeholder 
forum, Mekong WLE forum and SUMERNET. The hydropower companies should engage in responsible 
business practices, take into account transboundary importance of flood and drought management, and 
participate in building resilience of downstream communities. 

This recommendation could be mainstreamed into: 
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- Five-year Action Plan on Lancang-Mekong Water Resources Cooperation (2018-2022) under the 
areas of cooperation on IWRM and climate change adaptation and sustainable hydropower 
development 

- Basin Development Strategy (2021-2025) and Sustainable Hydropower Development Strategy of 
Mekong River Commission 

Recommendation 7: Formulate a long-term regional capacity-building programme involving job 
training, and exchange workshops and forums, to share good practices and lesson learned on using 
hydropower projects on managing climate risks (flood and drought management) and water level 
fluctuations, and on dam safety. 

Establishment of the working group involving hydropower, climate change, flood and drought 
management experts between upstream-downstream countries  through guidance from Joint Work 
Group (JWG) of MLC is required to identify innovative and possible solutions and develop good practices 
on managing extreme floods and drought with dams and reservoirs to reduce transboundary risks, 
including dam safety. Conducting on the job training between upstream-downstream countries on 
climate change adaptation, disaster risk management and hydropower power development and 
operation will improve knowledge, techniques and capacity of the national experts in the long-term. 
This will lead to better regional and transboundary management in practices. 

This recommendation could be mainstreamed into: 

- Five-year Action Plan on Lancang-Mekong Water Resources Cooperation (2018-2022) under the 
areas of cooperation on IWRM and climate change adaptation and sustainable hydropower 
development 

- Basin Development Strategy (2021-2025), Mekong Climate Change Adaptation Strategy and 
Action Plan (2021-2025), Sustainable Hydropower Development Strategy and Regional Flood 
and Drought Management Strategy of Mekong River Commission 

- National policy and strategy on hydropower development, water resources management, 
disaster risk management and climate change adaptation  
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LIST OF KEY AGENCIES CONSULTED  
 

The project team is very grateful to the experts from the following agencies who greatly contributed to 
the project consultation processes and provided useful information and suggestions.  

 

Cambodia 
• Department of Planning and International Cooperation, Ministry of Water Resources and 

Meteorology (MOWRAM) 
• Office of Water Quality Analysis, Department of Hydrology and River Works, MOWRAM 

China: 
• Lancang-Mekong Water Resources Cooperation Centre (LMWRCC), China 
• Department of International Cooperation, Science and Technology, Ministry of Water Resources 

(MWR) 
• Changjiang River Water Commission, MWR 
• Changjiang Institute of Survey, Planning, Design, & Research, MWR, China 
• Changjiang Hydrology Bureau, MWR, China 
• Nanjing Hydraulic Research Institute, MWR, China 
• Changjiang River Scientific Research Institute, MWR  

Lao PDR 
• Lao National Mekong Committee Secretariat (LNMCS), MoNRE, Lao PDR 
• Department of Water Resources (DWR), MoNRE, Lao PDR  
• Department of Meteorology and Hydrology (DMH), MoNRE, Lao PDR 
• Department of Energy Policy and Planning (DEPP), MEM, Lao PDR 
• Department of Energy Management (DEM), MEM, Lao PDR 
• Department of Energy Business (DEB), MEM, Lao PDR 
• Department of Waterways (DoW), Ministry of Public Works and Transport (MPWT), Lao PDR  

Myanmar 
• Directorate of Water Resources and Improvement of River Systems (DWIR) 
• Environmental Conservation Department (ECD) 
• Department of Hydropower Implementation, Ministry of Electricity and Energy 

Thailand 
• Thai National Mekong Committee Secretariat (TNMCS)  
• Office of the National Water Resources (ONWR), Thailand 
• Bureau of International River Basin Management, Department of Water Resources (DWR)  
• Bureau of International River Basin Management, DWR 
• Bureau of Research, Development and Hydrology, DWR 
• Water Crisis Prevention Center, DWR 
• Electricity Generating Authority of Thailand (EGAT) 
• Department of International Economic, MOFA 
• Office of Natural Resources and Environment Policy and Planning (ONEP) 
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• Thai Metrological Department (TMD) 
• Office of Permanent Secretary, Ministry of Energy (MOE) 
• Marine Department (MD) 
• Department of Disaster Prevention and Mitigation (DDPM), Ministry of Interior (MOI) 
• Hydro Informatics Institute (HII) 

Vietnam 
• Vietnam National Mekong Committee Secretariat  
• Institute of Water Resources Planning, Ministry of Agriculture and Rural Development 

Others  
• MRC Secretariat (MRCS), Lao PDR 
• MRC Regional Flood Management and Mitigation Centre (MRC RFMMC), Cambodia 
• Australia Department of Foreign Affairs and Trade (DFAT)  
• International Finance Corporation's (IFC) hydropower advisory program in Asia 
• World Bank (WB) 
• IHE Delft Institute for Water Education 
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ANNEX A: Additional information on climate change studies in 
the Mekong-Lancang River Basin 
 

Table A1 Future climate projections for the annual temperature, precipitation and discharge in the Mekong-
Lancang River Basin. In the table GCM refers to general circulation model; 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, and 6 ◦C to 
mean global warming scenarios; B1 and A1b to atmospheric carbon dioxide stabilization of 550 and 770 ppm 
scenarios and; RCP4.5 and RCP8.5 to representative concentration pathways scenarios with stabilization of 
radiative forcing to 4.5 W/m2 and 8.5 W/m2 by 2100. Table adapted and expanded from Hoang et al. (2016).     

Study Kingston et al. (2011) Lauri et al. (2012) Thompson et al. (2013) Hoang et al. (2016) 
Projection framework Seven GCM’s + global 

warming scenarios 0.5, 1, 
1.5, 2, 2.5, 3, 4, 5, and 6 
◦C + hydrological model 

Five GCM’s + SRES 
scenarios A1b and B1 + 
hydrological model 

Seven GCM’s + global 
warming scenarios 0.5, 1, 
1.5, 2, 2.5, 3, 4, 5, and 6 ◦C 
+ hydrological model 

Five GCM’s + RCP4.5 
and RCP 8.5 + 
hydrological model 

Projection time frame - From 1982-1992 to 2032-
2042 

- From 1971-2000 to 
2036–2065 

Temperature change Close to 2°C (2°C) 0.6 to 1.3 °C (B1) 
0.8 to 1.4 °C (A1b) 

10.3 to 15.9 % (2°C, 
Potential 
evapotranspiration) 

Scenario mean 1.9 °C 
(RCP4.5) 
Scenario mean 2.4 °C 
(RCP8.5) 

Scenarios projecting 
increase in temperature 

10 out of 10 10 out of 10 7 out of 7 10 out of 10 

Precipitation change -3 to 10% (2°C)  1.2 to 5.8 % (B1) 
-2.5 to 8.6% (A1b) 

-3 to 12.2% (2°C) 3 to 4% (RCP4.5) 
-3 to 5% (RCP8.5) 

Scenarios projecting 
increase in precipitation 

4 out of 7 9 out of 10 4 out of 7 9 out of 10 

Discharge change at 
Chiang Saen 

Not reported -11.8 to 1.2 (B1) 
-15.5 to 11% (A1b) 

-21.2 to 8.7 (2°C) 4 to 29 % (RCP4.5) 
-1 to 33% (RCP8.5) 

Scenarios projecting 
increase in discharge at 
Chiang Saen 

Not reported 4 out of 10 4 out of 7 Scenario mean 14% 
(RCP4.5) 
Scenario mean 15% 
(RCP8.5) 

Discharge change at 
Kratie 

-17.8 to 6.5% (2°C, at 
Pakse) 

-6.9 to 8.1% (B1) 
-10.6 to 13.4% (A1b) 

-14.7 to 8.2% (2°C) 3 to 8% (RCP4.5) 
-7 to 11 % (RCP8.5) 

Scenarios projecting 
increase in discharge at 
Kratie 

3 out of 7 7 out of 10 3 out of 7 9 out of 10 

 

 

 

 

 



2 

 

 
Figure A2. Projected temperature change in 2032-2042 across five GCM’s (A1b scenario) compared to baseline of 
1982-1992 by Lauri et al. (2012). 

 
Figure A2. Projected precipitation changes in 2032-2042 across five GCM’s (A1b scenario) compared to baseline of 
1982-1992 (Lauri et al., 2012). 

 
Figure A3. Projected change in monthly river flows in 2032-2042 across five GCM’s (A1b scenario) compared to 
baseline of 1982-1992 (Lauri et al., 2012). 
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Figure A4. Projected monthly river flow changes at a) Pakse and b) Chiang Saen across seven GCM’s for global 
warning scenario of 2°C (Kingston et al., 2011). 

 

 
Figure A5. Projected monthly river flow changes at a) Chiang Saen and b) Kratie across seven GCM’s for global 
warning scenario of 2°C (Thompson et al., 2013). 
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Table A2. Future climate projections for the low and high flows in the Mekong-Lancang River. In the table Q5 
means upper 5 percentile of flows and Q95 lower 5 percentile of flows; 2°C to mean global warming scenario; B1 
and A1b to atmospheric carbon dioxide stabilization of 550 and 770 ppm scenarios and; RCP4.5 and RCP8.5 to 
representative concentration pathways scenarios with stabilization of radiative forcing to 4.5 W/m2 and 8.5 W/m2 
by 2100.  

 Kingston et al. 
(2011) 

Lauri et al. (2012) Thompson et al. 
(2013) 

Hoang et al. (2016) (W. Wang et al., 2017)  

Projection 
framework 

Seven GCM’s + 
global warming 
scenarios 2◦C + 
hydrological model 

Five GCM’s + SRES 
scenarios A1b and 
B1 + hydrological 
model 

Seven GCM’s + 
global warming 
scenario 2 ◦C + 
hydrological model 

Five GCM’s + RCP4.5 
and RCP 8.5 + 
hydrological model 

Five GCM’s + RCP4.5 
and RCP 8.5 + 
hydrological model 

Projection time 
frame 

- From 1982-1992 to 
2032-2042 

- From 1971-2000 to 
2036–2065 

From 1975–2004 to 
2010–2039 (NF), 
2040–2069 (MF) and 
2070–2099 (FF) 

High flow 
changes at Chiang 
Saen 

- - -19.6 to 6.5% 
change in Q5 

+8% change in Q5 at 
Vientiane  

Increase in mean 
annual maximum 
floods 

Scenarios 
projecting 
increase in high 
flows at Chiang 
Saen 

- - 3 out 7 7 out of 10 NF: 8 out of 10 
MF: 9 out of 10  
FF: 10 out of 10  

Low flow changes 
at Chiang Saen 

- - -23.2 to 12.9% 
change in Q95 

+41% change in Q95 
at Vientiane 

- 

Scenarios 
projecting 
increase in low 
flows at Chiang 
Saen 

- - 3 out of 7 9 out of 10 - 

High flow 
changes at Kratie 

-18.1 to 6.3% (Q5, 
2°C, Pakse) 

-0.2 to 13.3 change 
in average peak 
discharge (B1) 
2.3 to 19.6% change 
in average peak 
discharge (A1b) 

-15.6 to 7.4% 
change in Q5 

+6% change in Q5 Increase in mean 
annual maximum 
floods 

Scenarios 
projecting 
increase in high 
flows at Kratie 

3 out 7 9 out of 10 3 out of 7 9 out of 10 NF: 10 out of 10 
MF: 10 out of 10 
FF: 10 out of 10 
at Stung Treng 

Low flow changes 
at Kratie 

-16.2 to 8% change 
in Q95 at Pakse 

- -18.2 to 17.7% +20% change in Q95 - 

Scenarios 
projecting 
increase in low 
flows at Kratie 

3 out of 7 - 3 out of 7 9 out of 10 - 
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Figure 33. Relative change of MAF and flood frequency under climate change with 22 hydropower projects in the 
Mekong-Lancang mainstream (W. Wang et al., 2017). NF: 2010–2039; MF: 2040–2069; and FF: 2070–2099. 
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ANNEX B: Analysis of trends in annual river flows of the Mekong 
River at Chiang Saen in 1960-2017 
 

 
 

1. Introduction  
There is limited research literature on the directionalities in the hydrology of the Mekong-Lancang River 
under a changing climate. The analyses in this annex aim to provide improved understanding on 
observed changes in the hydrology of the Lancang Basin by analysing changes and trends in the annual 
flows at Chiang Saen station (1960-2017).  

2. Data and methods 
The river flow data is from the Mekong River Commission and it covers the period of 1960-2017. The 
river flow data was used as such and no additional quality analyses were conducted.  

For investigating changes and trends in the river flows a locally estimated scatterplot smoothing (LOESS) 
was used. Changes in river flows were then analysed using Petitt’s, Buishand Range, Buishand U and 
Standard Normal Homogeneity change point tests (Pohlert, 2018). The possible trends during the 
periods identified by change points were tested using Mann-Kendall test (Pohlert, 2018) and T-test for 
the slope of the linear regression. The slopes of the trends were estimated with Sen’s slope and linear 
regression slope.  

Distinct wet and dry periods were also identified. The identification was based on visual observation of 
the annual data, LOESS data and change points. A three years minimum length criteria for the periods 
was also used. Specific statistical methods were not used for identifying start and end point of the 
periods, and therefore the definition of the periods involved subjective judgement.  

KEY FINDINGS: 

The changes and trends in annual flows of the Mekong River were analysed at Chiang Saen 
(1960-2017) to improve understanding of historical and ongoing climatic changes. The analyses 
suggest that the upper Mekong Basin (Lancang Basin) has become drier during the analysis 
periods – annual flows exhibit negative trend with rate of -0.19 km3/year, respectively. The 
analyses also show trends and variation in shorter time scales. The average flow has varied 
between periods that are from 13% drier to 17% wetter compared to long-term average of 
1960-2017. The most recent period that started in 2000’s and it is 10% drier compared to the 
long-term average flow. These findings should be considered with caution as the data quality 
could not be assessed in detail. However, these findings reveal considerable degree of non-
stationarity in the climate and hydrology of the Lancang River Basin (Upper Mekong River 
Basin), which needs to be considered in climate change adaptation strategies, as well as in 
climate studies attempting to estimate future directions in water resources.  
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3. Trend analysis 
The river flows at Chiang Saen show locally increasing and decreasing directions, and variation between 
wetter and drier periods that are several years or decades long, as shown in Figure B1. Similar 
hydrological behaviour patterns can be observed in tree-ring record-based proxy Palmer Drought 
Severity Index (PDSI) for the Mekong-Lancang Basin over the period 1700-2005 in Figure B2. The basin-
wide Proxy PDSI reflects well the hydrological conditions and river flow of the Mekong-Lancang River, 
particularly on multi-year scales (Räsänen et al., 2013). 

The change point analysis suggests three change points and they divide the flow data into four periods: 
1960-1971, 1971-2002, 2002-2010 and 2010-2017 (Table B1 and Figure B1). These periods have 
alternating increasing and decreasing trends (Table B2 and Figure B1), and the trend of the latest period 
is increasing with rate 0.62 km3/year. The overall trend at Chiang Saen for the full data period of 1960-
2014 is declining with the rate of -0.19 km3/year and it is statistically significant. The shorter trends are 
statistically non-significant most likely due to shortness of the trend (i.e. small sample size in statistical 
testing). 

Table B1. Change points in annual flows of Chiang Saen (1960-2017) and their statistical significance (p-values). The 
tests used for identifying change points include Petitt’s, Buishand Range, Buishand U and Standard Normal 
Homogeneity tests. Statistically significant change points with bold (p-value<0.1) and p-values below 0.05 are 
marked with *. 

Change point Petitt’s Buishand Range Buishand U Standard Normal Homogeneity 
1971 0.1179 0.2127 0.0665 0.0258* 
2002 0.04626* 0.0099* 0.1421 0.04875* 
2010 0.3695 0.1326 0.4695 0.5413 

Table B2. Trends and their statistical significance in annual flow of the Mekong River at Chiang Saen (1960-2017). 
The tests used are Mann-Kendal test and linear regression. The testing periods are based on change points in Table 
B1 and the trends are shown in Figure B1. Statistically significant trends with bold (p-value<0.1) and p-values below 
0.05 are marked with *. 

Period Years in 
period 

Mann-Kendall test 
p-value 

Linear regression 
test p-value 

Sen's slope Linear regression 
slope 

Average slope 

 [-] [-] [-] [km3/year] [km3/year] [km3/year] 
1960-1971 12 0.1926 0.226 1.80 1.46 1.63 
1971-2002 32 0.14 0.3256 0.33 0.22 0.28 
2002-2010 9 0.7545 0.7495 0.75 0.57 0.66 
2010-2017 8 0.7105 0.5367 0.49 0.75 0.62 
1960-2017  58 0.06807 0.0492* -0.18 -0.19 -0.19 

Periods of wetter and drier conditions can be observed in the annual flows (Figure B1). At Chiang Saen 
similar change can be observed at change point of 1971: the post-1971 period is 14% drier than the pre-
1971 period. However, the data period at Chiang Saen is relatively short and no information on the 
conditions prior to 1960 was available. 

The flow data of Chiang Saen (Figure B1) exhibits also distinct shorter periods when conditions are on 
average wetter or drier over extended time (>2 years). These periods and their average flows are listed 
in Table B3. At Chiang Saen the average flow of the periods has varied from -13% to +17% compared to 
long-term average of 1960-2017, and the most recent period of 2009-2017 is 10% drier than long-term 
average. 
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Figure B1. Annual river flows at Chiang Saen in 1960-2017 with a) LOESS smoothing (above), b) change points and 
linear trends (middle) and c) distinct wetter and drier periods (below). Mean flow of the analysis period is marked 
with dashed line and change points with small circles. River flow data is from the Mekong River Commission.  

 
Figure B2. Annual (June-August) tree-ring record derived Palmer Drought Severity Index (PDSI) for the Mekong-
Lancang River Basin (1700-2005) with LOESS (blue and green line). Original PDSI data from Cook et al. (2010) and 
the basin-wide PDSI calculated by Räsänen et al. (2013). 
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Table B3. Drier and wetter periods according to annual flows at Chiang Saen (1960-2017). Periods are defined 
according to visual examination of annual and smoothed flow data (Figure B1) and no statistical method was used. 
Minimum of 3 years length was used in the definition of a period. 

Period Period 
length 

Average annual 
flow 

Difference to 
long-term 
average 

 [years] [km3] [%] 
1960-1971 12 94.09 12.00 
1972-1999 28 80.72 -3.92 
2000-2002 3 98.20 16.89 
2003-2005 3 73.33 -12.72 
2006-2008 3 97.27 15.77 
2009-2017 9 75.23 -10.45 
1960-2017 58 84.01  

 

4. Limitations 
The future direction of the river flows could not be deduced using the analyses presented here, but it is 
likely that flows will continue to see-saw between wetter and drier periods as they have been doing the 
past centuries. The study could not consider possible changes in river channel cross-sections and rating 
curves, and the filling and operation of hydropower reservoirs on the data and findings. The hydropower 
operations are not expected to cause multi-year trends since the existing reservoirs are too small for 
multi-year operations, and they commonly transfer water only from wet season of one year to the dry 
season of the next year. The filling of new large reservoirs may, however, have caused some reduction in 
annual flows. Therefore, it is recommended to interpret any long-term trends with caution.    

 

References 
Cook, E.R., Anchukaitis, K.J., Buckley, B.M., D’Arrigo, R.D., Jacoby, G.C., Wright, W.E., 2010. Asian 

Monsoon Failure and Megadrought During the Last Millennium. Science 328, 486–489. 
https://doi.org/10.1126/science.1185188 

Pohlert, T., 2018. Non-Parametric Trend Tests and Change-Point Detection, Description of statistical 
tests in R-package “trend.” Available at: https://cran.r-
project.org/web/packages/trend/vignettes/trend.pdf. 

Räsänen, T.A., Lehr, C., Mellin, I., Ward, P.J., Kummu, M., 2013. Palaeoclimatological perspective on river 
basin hydrometeorology: case of the Mekong Basin. Hydrology and Earth System Sciences 17, 
2069–2081. https://doi.org/10.5194/hess-17-2069-2013 

 
 



1 

 

ANNEX C: Analysis of water level fluctuations in the middle reach 
of the Mekong River in 2014-2017  
Chiang Saen, Luang Prabang, Chiang Khan and Khong Chiam  
 

 
  

KEY FINDINGS: 

The water level fluctuations in the Mekong River were analysed at four Mekong-Lancang 
mainstream gauging stations – Chiang Saen, Luang Prabang, Chiang Khan, and Khong Chiam – by 
comparing the recent period of 2014-2017 to period of 1960-1990 with low hydropower 
development. The Key findings are:    

Dry season water levels have increased and wet season water levels decreased in 2014-2017. At 
the four gauging stations the average monthly water levels of January-May increased 15-181% and 
in June-October decreased by 4-26% with largest changes in the upstream stations. 

The daily water level variability was reduced during the wet season at all four gauging stations 
and also during the dry season at Chiang Saen and Khong Chiam in 2014-2017. The wet season 
reduction was 20-33% at the four gauging stations, and dry season reduction at Chiang Saen was 
47% and at Khong Chiam 29%. Some months, however, showed also increase in variability. 

The highest water levels of peak months of July-September were reduced at all four gauging 
stations in 2014-2017. The reductions in the threshold for 5% of the highest water levels were 7-
29% at all four gauging stations. Individual peak water level events were not analysed.   

Daily water level rise and fall rates increased during the dry season at all four gauging stations. In 
February-April months, the rise and fall rates (m/d) increased 55-423% and 81-500%, respectively. 
During the wet season the changes were more mixed, with some reductions in the rise and fall 
rates in early and late wet season. 

The dry season in 2014-2017 exhibited large and rapid water level fluctuations uncharacteristic 
for pre-hydropower water level regime. Repeated events of rapid and large water level changes up 
to over two meters were observed at Chiang Saen, Luang Prabang, Chiang Khan. The events lasted 
from two to eight days and had maximum daily water level change rates varying between 0.25-1.53 
m/d. The rapid and large water level changes were not attenuated between the gauging stations of 
Chiang Saen, Luang Prabang, Chiang Khan, but became considerably milder at Khong Chiam. 
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1. Introduction 
The Mekong-Lancang River Basin is experiencing extensive hydropower development (Figure C1) and 
climatic changes, and the flow and water level regimes of the Mekong River are being significantly 
affected (Hecht et al., 2019). The dry season water levels have been observed to increase and the wet 
season water level to decrease due to water storage operations of hydropower reservoirs (Räsänen et 
al., 2017). Changes in short-term water level fluctuations have been also observed in the post-1991 
period (Cochrane et al., 2014). However, the changes in water level fluctuations in most recent years are 
not well understood.  

This annex aims to improve the understanding of the recent changes in water level fluctuations. The 
annex compares water level fluctuations in 2014-2017 to historical water level fluctuations from the 
period of 1960-1990 before significant hydropower development. The comparisons were made at four 
Mekong mainstream gauging stations: Chiang Saen, Luang Prabang, Chiang Khan, and Khong Chiam (see 
locations in Figure C1). The period from 2014 onwards is particularly interesting as the largest 
hydropower project in the Mekong-Lancang River – Nuozhadu, located in China – became operational in 
2014. The water level analyses here built upon and expands on the earlier research reviewed by Hecht 
et al. (2019). 
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Figure C1. The Mekong-Lancang River Basin including existing and planned hydropower projects (Räsänen et al., 
2017). The water level gauging stations used in this study are shown with orange triangles.  

2. Methodology 
The water levels were analysed at four locations in the Mekong mainstream using daily water level data: 
Chiang Saen (1960-2017) Luang Prabang (1960-2017), Chiang Khan (1965-2017), Khong Chiam (1966-
2016). The locations are shown in Figure C1. The data was used as such and no quality assurance were 
done, except for visual examination of the data. 

The water levels were analysed by comparing the period before any significant hydropower 
development in the Mekong-Lancang River Basin (Cochrane et al., 2014) to a recent period with several 
large operational hydropower projects. The former period covers data from 1960-1990 and is called in 
this study as pre-hydropower period, and the latter period covers data from 2014-2017. 

The analyses are divided into three parts. In the first part, the analyses include visual examination of 
daily water level data, and quantitative analysis of water levels and their variation on monthly and 
seasonal basis. In the second part, changes in daily water level rise and fall rates are analysed on 
monthly and seasonal basis. In the third part, focus is on identifying and analysing large dry season 
water level fluctuations. The variables of the analyses are shown and explained in Table C1. The seasons 
are defined as dry season from November to April of next year, and as wet season from May to October. 

Table C1. Water level variables analysed in this study.  

WATER LEVEL ANALYSIS 
Variable Unit Description 
Water level [m] Water level observed at gauging station.  
Coefficient of variation [%] A measure of variability of certain period calculated as standard 

deviation divided by mean. 
95th percentile water level (“high water levels”) [m] A lower boundary of water level frequency distribution indicating 5% 

of highest observed water levels of a specific period. 
5th percentile water level (“low water levels”)  An upper boundary of frequency distribution indicating 5% of lowest 

observed water levels of a specific period. 

WATER LEVEL RISE AND FALL RATE ANALYSIS 
Variable Unit Description 
Rise rate [m/d] An increase in water level in 24 hours. 
Fall rate [m/d] A decrease in water level in 24 hours. 
95th percentile rise rate (“rapid rise rate”)  A lower boundary of rise rate frequency distribution indicating 5% of 

fastest observed rise rates of a specific period.  
5th percentile fall rate (“rapid fall rate”)  An upper boundary of fall rate frequency distribution indicating 5% of 

fastest observed rise rates of a specific period. 

LARGE DRY SEASON WATER LEVEL FLUCTUATION ANALYSIS 
Variable Unit Description 
Start date at Chiang Saen [date] The date for start of large water level increase/decrease event 

observed at Chiang Saen gauging station. 
Water level change [m] The total observed water level change during water level 

increase/decrease event. 
Duration of change  [d] The duration of continuous water level increase/decrease during a 

water level increase/decrease event. 
Maximum daily water level change  [m/d] Largest observed daily water level increase/decrease during a water 

level increase/decrease event. 
Travel time from [gauging station] [d] The observed time difference between two gauging for the arrival of 

the water level change event. 
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3. Results 
3.1. Daily, monthly and seasonal water levels 

The visual examination of water levels in Figure C2 shows considerable changes in water level regimes at 
all four gauging stations in 2014-2017 compared to pre-hydropower period. The dry season water levels 
are to a large extent higher and the wet season water levels are in several occasions lower than the pre-
hydropower water levels. The dry season water levels in 2014-2017 exhibit also typical patterns 
resulting from hydropower operations: periods with relatively stable water levels interspersed with 
large and rapid water level changes. The downstream propagation of these water level fluctuations can 
be observed at all gauging stations. The wet season water levels in 2014-2017 exhibit also repeating 
patterns of water level reduction in early and late wet season. This indicates a possible filling of 
reservoirs. 

The quantitative analysis of seasonal and monthly water levels in Table C2 and Table C3 show also 
systematic differences between the water levels in 2014-2017 and the pre-hydropower period. At the 
four gauging stations the average monthly water levels increased 15-181% in January-May and 
decreased 4-26% in June-October compared to pre-hydropower period, with largest changes in the 
upstream stations. Largest increases were observed in March-April and decreases in July, except for 
Khong Chiam in June.  

The variability of the daily water levels in 2014-2017 was reduced throughout the year at Chiang Saen, 
but at Luang Prabang, Chiang Khan and Khong Chiam mainly during the wet season compared to pre-
hydropower period (coefficient of variation in Table C2 and Table C3). The reduction of variability was 
largest in March-June at all gauging stations with reductions ranging from 5 to 74%. In general, the 
changes in variability show more mixed pattern at Luang Prabang, Chiang Khan and Khong Chiam than in 
Chiang Saen. 

The high water levels (the 95th percentile) and the low water levels (the 5th percentile) increased during 
the dry season, but decreased during the wet seasons in 2014-2017 compared to pre-hydropower 
period (Table C2 and Table C3). The high water levels of the peak months of July-September were also 
reduced at all four gauging stations in 2014-2017, with reductions of 7-29%. Individual peak water levels 
were not analysed.   

The daily water levels of the year 2015 is further compared to daily water levels from 1981-1985 from 
the pre-hydropower period in Figure C3, which intends to visualize and exemplify the changes in 
variability characteristics. The Figure C3 shows that the dry season water level fluctuations in 2015 are 
atypically large compared to water level fluctuations in 1981-1985. The wet season water level 
fluctuations in 2015 are closer and more similar to wet season fluctuations in 1981-1985.    

 

 

 

 

 

 



5 

 

 

 

 

 
Figure C2. Comparison of water levels in 2014-2017 to the range and average of pre-hydropower water levels in 
1960-1990 at a) Chiang Saen, b) Luang Prabang, b) Chiang Khan and c) Khong Chiam. For Khong Chiam data only 
up to 2016.  
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Table C2. Seasonal comparison of water levels in 2014-2017 to pre-hydropower water levels in 1960-1990 at Chiang 
Saen, Luang Prabang, Chiang Khan and Khong Chiam. Dry season defined as November-April and wet season as 
May-October. 

DRY SEASON CHANGE [%] Chiang Saen Luang Prabang Chiang Khan Khong Chiam 
Mean water level [m] 65 20 30 10 
Coefficient of variation [%] -47 0 -4 -29 
95th percentile water level [m] 33 17 24 -3 
5th percentile water level [m] 99 15 23 23 
WET SEASON CHANGE [%] Chiang Saen Luang Prabang Chiang Khan Khong Chiam 

Mean water level [m] -13 -12 -6 -14 
Coefficient of variation [%] -33 -23 -26 -20 
95th percentile water level [m] -20 -18 -12 -17 
5th percentile water level [m] 2 -6 1 -11 

 

Table C3. Monthly comparison of water levels and their variability in 2014-2017 to pre-hydropower water levels in 
1960-1990 at Chiang Saen, Luang Prabang, Chiang Khan and Khong Chiam. The table is in two parts and continues 
on next page.   

CHIANG SAEN 
1960-1990 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Mean water level [m] 1.69 1.32 1.15 1.30 1.92 3.13 4.91 6.01 5.44 4.31 3.20 2.25 
Coefficient of variation [%] 0.30 0.36 0.45 0.43 0.44 0.33 0.27 0.22 0.22 0.21 0.26 0.26 
95th percentile water level [m] 2.59 2.21 2.12 2.36 3.43 5.01 7.44 8.46 7.67 5.79 4.77 3.30 
5th percentile water level [m] 0.99 0.66 0.47 0.51 0.70 1.69 3.03 4.18 3.92 3.11 2.19 1.45 
2014-2017 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Mean water level [m] 2.73 2.49 3.23 3.07 3.01 2.99 3.66 4.72 4.52 3.52 3.43 3.09 
Coefficient of variation [%] 0.17 0.25 0.15 0.16 0.19 0.19 0.23 0.16 0.19 0.16 0.18 0.18 
95th percentile water level [m] 3.40 3.71 3.73 3.68 3.84 4.10 5.39 6.04 6.02 4.94 4.55 3.99 
5th percentile water level [m] 2.02 1.84 1.95 2.15 2.30 2.23 2.52 3.67 3.28 2.93 2.36 2.17 
Change % Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Mean water level [m] 61 89 181 137 57 -4 -26 -21 -17 -18 7 37 
Coefficient of variation [%] -42 -31 -66 -63 -57 -42 -14 -27 -14 -21 -30 -31 
95th percentile water level [m] 31 68 76 56 12 -18 -27 -29 -22 -15 -5 21 
5th percentile water level [m] 104 178 311 321 231 32 -17 -12 -16 -6 8 50 
LUANG PRABANG 
1960-1990 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Mean water level [m] 4.54 3.79 3.38 3.47 4.40 6.44 9.82 12.59 11.79 9.23 7.29 5.61 
Coefficient of variation [%] 0.13 0.12 0.12 0.13 0.24 0.26 0.25 0.18 0.17 0.15 0.18 0.15 
95th percentile water level [m] 5.55 4.59 4.09 4.30 6.56 9.63 14.52 16.87 15.18 11.65 9.85 6.94 
5th percentile water level [m] 3.71 3.16 2.86 2.80 3.10 4.28 6.18 9.35 9.14 7.33 5.63 4.50 
2014-2017 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Mean water level [m] 5.28 4.59 5.47 5.42 5.46 5.65 7.66 10.77 10.32 7.79 6.94 5.98 
Coefficient of variation [%] 0.13 0.16 0.12 0.13 0.15 0.13 0.25 0.15 0.14 0.13 0.15 0.13 
95th percentile water level [m] 6.19 6.07 6.35 6.41 6.86 7.12 10.96 13.92 12.37 9.68 9.06 7.40 
5th percentile water level [m] 4.03 3.69 4.03 4.08 4.51 4.72 5.09 8.53 7.88 6.45 5.50 4.66 
Change % Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Mean water level [m] 16 21 62 56 24 -12 -22 -14 -12 -16 -5 6 
Coefficient of variation [%] 3 35 4 -5 -39 -48 2 -15 -18 -12 -13 -9 
95th percentile water level [m] 11 32 55 49 5 -26 -24 -18 -18 -17 -8 7 
5th percentile water level [m] 9 17 41 46 46 10 -18 -9 -14 -12 -2 4 
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CHIANG KHAN 
1965-1990 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Mean water level [m] 4.31 3.44 2.93 2.91 4.09 6.36 9.27 11.48 11.12 9.01 7.15 5.50 
Coefficient of variation [%] 0.14 0.14 0.16 0.17 0.32 0.25 0.21 0.15 0.14 0.13 0.16 0.15 
95th percentile water level [m] 5.38 4.34 3.90 3.79 6.72 9.27 12.92 14.66 13.77 11.02 9.20 6.94 
5th percentile water level [m] 3.46 2.70 2.28 2.20 2.60 4.02 6.13 8.96 8.96 7.29 5.66 4.38 
2014-2017 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Mean water level [m] 5.40 4.58 5.46 5.41 5.66 5.98 7.67 10.37 10.34 8.19 7.06 6.08 
Coefficient of variation [%] 0.14 0.17 0.15 0.13 0.18 0.12 0.23 0.13 0.11 0.12 0.14 0.14 
95th percentile water level [m] 6.28 6.13 6.41 6.44 7.74 7.32 10.85 12.85 11.84 9.66 8.97 7.44 
5th percentile water level [m] 3.99 3.56 3.64 3.90 4.61 4.98 5.14 8.42 8.41 6.72 5.52 4.81 
Change % Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Mean water level [m] 25 33 86 86 38 -6 -17 -10 -7 -9 -1 11 
Coefficient of variation [%] -3 18 -4 -19 -45 -51 9 -12 -23 -6 -10 -6 
95th percentile water level [m] 17 41 65 70 15 -21 -16 -12 -14 -12 -3 7 
5th percentile water level [m] 15 32 60 77 77 24 -16 -6 -6 -8 -3 10 
KHONG CHIAM 
1966-1990 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Mean water level [m] 2.22 1.84 1.63 1.61 2.31 4.86 8.02 11.20 11.03 7.57 4.60 2.96 
Coefficient of variation [%] 0.16 0.14 0.16 0.18 0.37 0.39 0.29 0.19 0.19 0.24 0.24 0.20 
95th percentile water level [m] 2.83 2.28 2.10 2.07 3.94 8.40 12.23 14.52 14.60 10.69 6.74 4.18 
5th percentile water level [m] 1.70 1.41 1.23 1.18 1.39 2.34 4.50 7.54 7.91 4.89 3.03 2.18 
2014-2016 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Mean water level [m] 2.58 2.29 2.42 2.64 2.65 3.80 6.66 9.66 9.48 6.35 3.67 2.78 
Coefficient of variation [%] 0.13 0.13 0.14 0.07 0.10 0.32 0.37 0.23 0.12 0.20 0.15 0.13 
95th percentile water level [m] 3.12 2.83 2.82 2.92 3.03 6.80 10.85 13.50 11.15 8.21 4.65 3.32 
5th percentile water level [m] 2.06 1.84 1.86 2.35 2.18 2.62 2.82 6.09 7.29 4.36 2.90 2.23 
Change % Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Mean water level [m] 16 24 48 64 15 -22 -17 -14 -14 -16 -20 -6 
Coefficient of variation [%] -15 -8 -11 -60 -74 -17 27 21 -37 -17 -38 -34 
95th percentile water level [m] 10 24 34 41 -23 -19 -11 -7 -24 -23 -31 -21 
5th percentile water level [m] 21 31 51 99 56 12 -37 -19 -8 -11 -4 2 
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Figure C3. Comparison of water level fluctuations in 2015 to water level fluctuations from pre-hydropower years of 
1981-1985 at a) Chiang Saen, b) Luang Prabang, c) Chiang Khan and d) Khong Chiam.  
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3.2. Daily water level rise and fall rates 
Changes are observed also in the daily water level rise and fall rates (m/d) in 2014-2017 compared to 
pre-hydropower period of 1960-1990, as shown in Table C4, Table C5 and Table C6. The general pattern 
is that rise and fall rates, including rapid rise and fall rates, increased during the dry season, but the 
changes in the wet season are more mixed. During the months of February-April, at the four gauging 
stations, the rise and fall rates increased 72-313% and 81-257%, respectively. For the same dry season 
months, the rapid rise and fall rates increased 55-423% and 138-500% respectively.  

During the wet season, the rise and fall rates, and the rapid rise and fall rates, were reduced over several 
months at all gauging stations (Table C4, Table C5 and Table C6). Modest reductions were observed 
mainly in the early and late wet season months, but increases were also observed. Chiang Saen was the 
only gauging station with consistent reductions in rise and fall rates, and in rapid rise and fall rates, 
during the wet season.  

Table C4. Changes (%) in seasonal water level rise and fall rates (m/d) and rapid water level rise and fall rates (m/d) 
in 2014-2017 compared to pre-hydropower period of 1960-1990 at Chiang Saen, Luang Prabang, Chiang Khan and 
Khong Chiam. 

DRY SEASON CHANGE [%] Chiang Saen Luang Prabang Chiang Khan Khom Chiang 
Rise rate 27 24 36 102 
Fall rate 78 60 92 93 
Rapid rise rate 14 11 18 125 
Rapid fall rate 98 90 105 156 
WET SEASON CHANGE [%] Chiang Saen Luang Prabang Chiang Khan Khom Chiang 
Rise rate -13 -5 3 -9 
Fall rate -9 1 7 14 
Rapid rise rate -16 -10 11 -3 
Rapid fall rate -7 -1 -1 12 
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Table C5. Monthly averages of daily water level rise and fall rates (m/d) in 2014-2017 and in pre-hydropower period 
of 1960-1990 at Chiang Saen, Luang Prabang, Chiang Khan and Khong Chiam.  

AVERAGE DAILY RISE RATE [m/d] 
Chiang Saen Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1960-1990 0.08 0.06 0.07 0.09 0.14 0.21 0.31 0.35 0.21 0.21 0.19 0.10 
2014-2017 0.12 0.12 0.13 0.14 0.14 0.17 0.23 0.30 0.26 0.15 0.16 0.09 
Difference % 48 90 79 51 -2 -22 -25 -13 22 -30 -15 -9 
Luang Prabang Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1960-1990 0.12 0.06 0.07 0.09 0.18 0.31 0.44 0.47 0.32 0.25 0.26 0.13 
2014-2017 0.14 0.14 0.16 0.14 0.15 0.19 0.37 0.54 0.39 0.25 0.22 0.10 
Difference % 21 119 126 55 -19 -37 -17 14 21 -2 -15 -18 
Chiang Khan Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1965-1990 0.11 0.07 0.06 0.08 0.20 0.30 0.35 0.35 0.26 0.21 0.21 0.14 
2014-2017 0.14 0.13 0.16 0.17 0.18 0.20 0.37 0.43 0.35 0.19 0.21 0.10 
Difference % 28 72 183 111 -8 -34 6 20 38 -8 1 -29 
Khong Chiam Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1966-1990 0.04 0.02 0.02 0.03 0.10 0.26 0.35 0.33 0.29 0.22 0.13 0.06 
2014-2016 0.06 0.09 0.07 0.11 0.10 0.21 0.40 0.25 0.25 0.20 0.22 0.08 
Difference % 57 313 181 216 -3 -18 14 -25 -13 -8 75 21 

             AVERAGE DAILY FALL RATE [m/d] 
Chiang Saen Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1960-1990 -0.04 -0.04 -0.05 -0.07 -0.11 -0.14 -0.21 -0.26 -0.19 -0.15 -0.11 -0.06 
2014-2017 -0.12 -0.08 -0.10 -0.14 -0.15 -0.16 -0.17 -0.20 -0.17 -0.13 -0.14 -0.08 
Difference % 170 111 104 115 29 9 -22 -22 -12 -12 23 29 
Luang Prabang Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1960-1990 -0.06 -0.05 -0.05 -0.07 -0.13 -0.20 -0.28 -0.34 -0.27 -0.19 -0.15 -0.08 
2014-2017 -0.13 -0.09 -0.09 -0.14 -0.18 -0.19 -0.24 -0.34 -0.28 -0.19 -0.17 -0.12 
Difference % 118 96 85 81 40 -3 -14 -1 4 -1 15 44 
Chiang Khan Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1965-1990 -0.06 -0.04 -0.05 -0.06 -0.13 -0.17 -0.20 -0.24 -0.21 -0.17 -0.13 -0.07 
2014-2017 -0.11 -0.14 -0.09 -0.20 -0.16 -0.19 -0.17 -0.27 -0.24 -0.18 -0.14 -0.11 
Difference % 85 242 91 237 22 11 -14 9 14 6 9 46 
Khong Chiam Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1966-1990 -0.03 -0.02 -0.02 -0.03 -0.04 -0.15 -0.18 -0.21 -0.24 -0.20 -0.11 -0.05 
2014-2016 -0.07 -0.07 -0.05 -0.10 -0.12 -0.14 -0.25 -0.26 -0.21 -0.18 -0.11 -0.09 
Difference % 143 213 149 257 178 -5 37 25 -13 -10 7 84 
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Table C6. Rapid water level rise and fall rates (m/d) in 2014-2017 and in pre-hydropower period of 1960-
1990 at Chiang Saen, Luang Prabang, Chiang Khan and Khong Chiam. Rapid water level rise and fall rates 
defined as 95th and 5th percentiles of daily water level rise and fall rates, respectively.  

RAPID (95th PERCENTILE) DAILY RISE RATE [m/d] 
Chiang Saen Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1960-1990 0.27 0.20 0.25 0.27 0.45 0.60 0.89 1.02 0.61 0.80 0.83 0.33 
2014-2017 0.35 0.37 0.40 0.58 0.62 0.50 0.57 1.01 0.57 0.42 0.48 0.27 
Difference % 31 85 58 115 38 -16 -36 -2 -7 -48 -42 -18 
Luang Prabang Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1960-1990 0.36 0.23 0.22 0.28 0.55 0.96 1.30 1.38 0.93 0.90 0.92 0.46 
2014-2017 0.36 0.36 0.55 0.44 0.38 0.63 0.98 1.62 0.98 0.79 0.78 0.26 
Difference % 0 55 143 58 -32 -34 -25 18 5 -12 -15 -44 
Chiang Khan Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1965-1990 0.41 0.17 0.17 0.26 0.64 0.85 1.00 0.98 0.74 0.65 0.80 0.51 
2014-2017 0.36 0.36 0.55 0.44 0.38 0.63 0.98 1.62 0.98 0.79 0.78 0.26 
Difference % -12 108 212 71 -41 -25 -2 65 32 23 -2 -49 
Khong Chiam Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1966-1990 0.11 0.06 0.06 0.10 0.33 0.71 1.09 1.04 0.89 0.64 0.41 0.23 
2014-2016 0.17 0.26 0.16 0.52 0.47 0.66 1.19 0.76 0.85 0.61 0.83 0.25 
Difference % 54 350 175 423 42 -8 9 -27 -4 -5 101 7 

             RAPID (5th PERCENTILE) DAILY FALL RATE [m/d] 
Chiang Saen Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1960-1990 -0.15 -0.14 -0.18 -0.21 -0.40 -0.39 -0.51 -0.63 -0.50 -0.41 -0.35 -0.20 
2014-2017 -0.33 -0.36 -0.46 -0.58 -0.56 -0.40 -0.37 -0.53 -0.47 -0.31 -0.42 -0.30 
Difference % 117 155 152 175 39 3 -27 -15 -6 -25 19 53 
Luang Prabang Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1960-1990 -0.16 -0.12 -0.16 -0.21 -0.42 -0.49 -0.71 -0.87 -0.65 -0.46 -0.44 -0.19 
2014-2017 -0.37 -0.29 -0.38 -0.50 -0.63 -0.44 -0.59 -0.84 -0.64 -0.43 -0.53 -0.37 
Difference % 131 142 142 138 49 -9 -16 -4 -1 -7 20 88 
Chiang Khan Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1965-1990 -0.14 -0.10 -0.11 -0.19 -0.39 -0.42 -0.51 -0.59 -0.48 -0.40 -0.34 -0.18 
2014-2017 -0.26 -0.44 -0.32 -0.54 -0.43 -0.43 -0.42 -0.61 -0.46 -0.41 -0.34 -0.28 
Difference % 84 338 189 185 9 2 -17 3 -4 3 0 56 
Khong Chiam Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1966-1990 -0.08 -0.06 -0.05 -0.07 -0.13 -0.43 -0.43 -0.50 -0.55 -0.45 -0.24 -0.14 
2014-2016 -0.21 -0.25 -0.18 -0.42 -0.35 -0.40 -0.61 -0.58 -0.49 -0.35 -0.31 -0.27 
Difference % 168 309 255 500 172 -6 41 15 -10 -22 30 94 

 

3.3. Large dry season water level fluctuations  

An analysis of large and rapid water level change events identified altogether fourteen large events and 
they are shown in Table C7 and Figure C4. These events had water level changes up to over two meters 
and they lasted from 2 to 8 days. During these events the maximum daily water level rise and fall rates 
varied between 0.25-0.9 m/d at Chiang Saen, 0.26-0.95 m/d at Luang Prabang, 0.33-1.53 m/d at Chiang 
Khan and 0.07-0.16 m/d at Khong Chiam.  

The analysis of the downstream propagation of a water level change event shows that water level 
changes did not attenuate towards downstream until Khong Chiam (Table C7 and Figure C4B). For 
example, a large water level rise event started at Chiang Saen on 3rd of March in 2015, where the water 
level rose 1.97 m in five days with maximum daily rise rate of 0.67 m/d. The event reached Luang 
Prabang in two days, were the water level rose in five days 2.09 m with maximum daily rise rate of 0.81 
m/d. From Luang Prabang the event took five days to reach Chiang Khan, where the water level rose in 
five days 2.39 m with maximum daily rise rate of 1.53 m/d. When the event reached Khong Chiam after 
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another eight days the water level was finally attenuated. At Khong Chiam the water level rose in five 
days 0.7 m with maximum daily rise rate of 0.16 m/d.  

Altogether, the behaviour of water level change events was relatively similar at Chiang Saen and Luang 
Prabang and Chiang Khan. This is exemplified also the high correlation between the daily data from 
these three stations. The correlation of daily water levels at Chiang Saen and Luang Prabang was found 
to be 0.93 (p-value<0.0000), and at Chiang Saen and Chiang Khan 0.9 (p-value<0.0000).  

Table C7. Large and rapid observed dry season water level fluctuations at Chiang Saen, Luang Prabang, Chiang 
Khan and Khong Chiam over the period of 2014-2017. The definition of start, duration and travel time of water level 
events require subjective judgement and include therefore some degree of uncertainty. Note: Table is in two parts. 

CHIANG SAEN LUANG PRABANG 
Start date at 
Chiang Saen 

Water  
level  
change 
[m] 

Duration  
of change 
[d] 

Max. daily 
water level 
change 
[m/d] 

Travel time 
from Chiang 
Saen  
[d] 

Water 
level 
change 
[m] 

Duration 
of change 
[d] 

Max. daily 
water level 
change 
[m/d] 

29 January 2014 -0.64 3 -0.33 2 -0.77 5 -0.31 
12 February 2014 0.93 5 0.25 2 1.03 5 0.36 
13 April 2014 -0.68 3 -0.32 3 -0.38 2 -0.45 
16 April 2014 0.74 3 0.58 1 0.77 4 0.26 
03 March 2015 1.97 5 0.67 2 2.09 5 0.81 
12 April 2015 -1.32 3 -0.62 2 -1.84 3 -0.83 
18 April 2015 1.19 2 0.65 2 1.30 3 0.67 
28 April 2015 -1.42 6 -0.72 3 -2.13 6 -0.77 
11 March 2016 1.01 3 0.48 2 1.44 4 0.56 
12 April 2016 -1.05 3 -0.62 1 -1.52 7 -0.62 
11 April 2017 -1.40 2 -0.84 2 -1.27 7 -0.49 
18 April 2017 1.46 3 0.79 3 1.68 6 0.67 
29 April 2017 -1.52 4 -0.57 1 -2.05 5 -0.61 
03 May 2017 1.66 3 0.90 2 1.61 4 0.95 
Average of days   3.4   2.0   4.7   
Average of rise 1.28  0.62  1.42  0.61 
Average of fall -1.15   -0.57   -1.42   -0.58 

 
CHIANG KHAN KHONG CHIAM 
Start date at 
Chiang Saen 

Travel time 
from Luang 
Prabang  
[d] 

Water  
level  
change 
[m] 

Duration  
of 
change 
[d] 

Max. daily 
water level 
change 
[m/d] 

Travel time 
from Chiang 
Saen  
[d] 

Water 
level 
change 
[m] 

Duration 
of 
change 
[d] 

Max. daily 
water level 
change 
[m/d] 

29 January 2014 4 -0.93 6 -0.33 8 -0.37 6 -0.07 
12 February 2014 5 1.20 4 0.39 8 0.34 4 0.12 
13 April 2014 5 -0.82 4 -0.33 5 -0.25 4 -0.08 
16 April 2014 5 0.86 3 0.49 8 0.22 4 0.08 
03 March 2015 5 2.36 5 1.53 8 0.70 6 0.16 
12 April 2015 5 -2.12 6 -0.33 7 -0.61 6 -0.16 
18 April 2015 4 1.46 4 0.66 8 0.72 8 0.15 
28 April 2015 5 -2.19 7 -0.53 8 -0.62 7 -0.14 
11 March 2016 4 1.60 5 0.65 10 0.39 4 0.13 
12 April 2016 5 -1.61 5 -0.43 7 -0.51 5 -0.12 
11 April 2017 4 -1.94 6 -0.67 - - - - 
18 April 2017 4 2.31 6 0.89 - - - - 
29 April 2017 2 -2.03 7 -0.53 - - - - 
03 May 2017 5 1.75 3 0.89 - - - - 
Average of days 4.4   5.1   7.7   5.4   
Average of rise  1.65  0.79  0.47  0.13 
Average of fall   -1.66   -0.45   -0.47   -0.11 
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Figure C4. Comparison of water level fluctuations at Chiang Saen, Luang Prabang, Chiang Khan and Khong Chiam in 
a) 2014, b) 2015, c) 2016 and d) 2017. 
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4. Limitations 
The observed water level changes, including changes in rise and fall rates, are possibly caused and 
affected by several factors, such as hydropower operations, changes in rainfall regime, changes in land-
use, and changes in river channel cross-section. Changes in rainfall regime may affect temporal 
distribution and intensity of the rainfall and thus the characteristics of run-off. Changes in land-use may 
also affect the characteristics of run-off. The river channels often undergo cross-sectional changes, 
particularly in locations with fluvial geomorphological conditions, which may further affect the water 
level comparisons. These limitations could not be addressed within the scope of this study, as it would 
require extensive hydrological modelling and in detail knowledge on changes in river cross-sections and 
rating curves in different periods. However, the key findings of this study are in line with the 
understanding of impacts of hydropower operation on flow and water level regimes in the Mekong River 
Basin (Hecht et al., 2019), and therefore, it is likely that the majority of the changes reported in this 
study are a result of hydropower operations.   
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