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ABSTRACT 
  Water balance analysis in Tonle Sap (TLS) Lake was analyzed using Earth observation 

data from the Google Earth Engine (GEE) platform and the Water Evaluation and Planning 

System (WEAP) model. The WEAP model was used to estimate the interconnected water-
balance components in the TLS system during 2000-2014. Two key inputs-TRMM satellite 

precipitation and MODIS evapotranspiration—covering the drainage basin were retrieved using 

the GEE. The simulation estimated the mean annual volume (69 km3) of total inflow to the lake. 
The highest inflow (89.6 km3) occurred in 2011 when one of the worst floods in the Mekong 

river basin was recorded. The Mekong River had a great impact on the availability of the lake’s 

water resource, as it supplied 62% of total inflow to the lake. The inflow from the Mekong River 

occurred from June to September when water level in the river was higher than that in the lake. 

This research demonstrated an option to conduct a comprehensive water balance analysis in a 

large region using limited local measured data.  Satellite-derived data adequately provided the 

required inputs for the simulation model. 
 

Keywords: Google Earth Engine; Mekong River; Tonle Sap Lake; Water balance; WEAP 

 

1. Introduction 
Water balance is a key determinant for 

the distribution and productivity of terrestrial 

vegetation around the globe [1]. Water 

balance analysis can be used to: identify and 

quantify water inflows and outflows; identify 

and quantify changes in stocks of water; 

quantify components of the water balance 

that are difficult to measure or even estimate 

by assuming that they are the residual in the 

water balance equation; assess the potential 

impacts on water balance components; and 

assess whether current levels of consumptive 

water use within the specified domain are 

sustainable and if not, whether opportunities 
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exist for rebalancing net inflows and 

outflows [2]. 

The Mekong is the largest and most 

important transboundary river basin in 

Southeast Asia [3]. The Tonle Sap (TLS) 
Lake, located in central Cambodia, is the 

most extensive wetland habitat of the 

Mekong River Basin. The Lake and its 

surrounding floodplains form the largest 

freshwater body in Southeast Asia. The Lake 

was reported to be very productive [4, 5]. 
Over 3.6 million Cambodians depend on this 

lake for their livelihoods, which are linked 

directly to its natural resources [6]. The 

Mekong River system has been studied by 

many researchers [3, 7-14]. For example, a 

book edited by Campbell et al [9] -The 

Mekong-provides comprehensive 

information on the hydrology and water 

resources of the Mekong River [15, 16]; one 

chapter is devoted to the TLS Lake [17]. 

Other studies regarding TLS Lake comprise-

the changes in the Lake’s area and volume 

[18, 19], streamflow in the TLS Lake and its 

floodplains [20-23]. 

Water balance analysis for the Tonle 

Sap Lake was previously conducted from 

1982 to 2004 by Inomata and Fukami [24] 

and from 1997 to 2005 by Kummu and 

Collaborators [25, 26]. Techniques for 

estimating water balance can range from very 

simple methods such as lumped models and 

field-experiment techniques, to highly 

complex computer-based models that can 

calculate water balance at various temporal 

(hourly, daily, monthly or yearly) and spatial 

scales [27, 28]. Selection of an appropriate 

technique depends on the objectives of the 

study and the availability of data. There are 

insufficient hydrological data available for 

the Mekong River Basin to determine its 

water budget from the past to the present. In 

addition, TLS Lake and its tributaries are 

mostly located in Cambodia, where the 

availability of hydrological data is very 

limited because of the prolonged civil war 

[24]. 

Precipitation is a critical variable in 

the hydrological cycle, and it influences our 

daily lives [29]. However, accessibility to the 

precipitation dataset for the TLS Lake region 

is one of the limitations to conducting a 

comprehensive hydrological analysis [30]. In 

recent times, the Google Earth Engine 

Platform (GEE) has leveraged cloud 

computing services to provide online 

analysis capabilities on satellite data [31]. 
Geospatial datasets are processed using the 

Application Programming Interface (API), 

which allows us to develop a code to obtain 

datasets of publicly available remotely 

sensed imagery and other data. As a remote 

sensing platform, its ability to analyze global 

data rapidly is a useful tool for data 

visualization [32]. 

Water resource system models are 

effective tools for addressing water 

management challenges [33]. Various water 

resource system models, such as 

AQUATOOL [33], HEC-RESSIM [34], 

HEC-WAT [35], MIKE-BASIN [36], 

RIBASIM [37], and WEAP [38, 39], have 

been developed and applied in a number of 

water resources systems including the 

Mekong River Basin [12, 40]. These models 

include temporal and spatial features that 

make them useful as tools for water resource 

management, water balance analysis, 

groundwater modelling, and urban and rural  

watershed management under different 

climatic conditions [41-45]. 

The current research investigated an 

option to conduct a comprehensive water 

balance analysis in a large region using 

limited local measured data. Recent Earth 

Observation (EO) data (precipitation and 

evapotranspiration) were retrieved from the 

Google Earth Engine (GEE) Platform. The 

Water Evaluation and Planning System 

model (WEAP) was used for calculating the 

inter-connected water balance components in 

the Tonle Sap Lake Basin. 
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Fig. 1. Tonle Sap Lake and its watershed broken down into 11 sub-basins namely: (1) Stung Boribo 

[ST1], (2) Stung Chikreng [ST2], (3) Stung Chinit [ST3], (4) Stung Dauntri [ST4], (5) Stung 

Mongkolborey [ST5], (6) Stung Pausat [ST6], (7) Stung Sangke [ST7], (8) Stung Sen [ST8], (9) Stung 

Siemreap [ST9], (10) Stung Sreng [ST10], and (11) Stung Staung [ST11]. 

 

2. Materials and Methods 
2.1 Study area 

The Mekong River rises in the 

Himalayas in Tibet and flows through China, 

forming part of the Lao PDR borders with 

Burma and Thailand, before continuing 

through Cambodia and Vietnam to the South 

China Sea [46]. Out of total drainage area of 

795,000 km2, approximately 25% lies in the 

Lao PDR, 23% in Thailand, 21% in Yunnan 

(China), 20% in Cambodia, 8% in Vietnam, 

and only 3% in Myanmar [47]. This region 

has a tropical climate with wet and dry 

seasons. Average daily temperatures vary 

between 20°C and 36°C with the lowest in 

January and the highest in April [48]. 

The Tonle Sap ecosystem is a major 

component of the Mekong River Basin, 

consisting of the TLS Lake, the TLS River 

and the surrounding floodplains [49]. The 

TLS Lake is the largest permanent freshwater 

lake in Southeast Asia [17]. The drainage 

area of the TLS Basin is 85,796 km2, 

extending over 44% of Cambodia. It is shared 

by Cambodia (95%) and Thailand (5%) of 

the drainage area [48, 50] (Fig. 1). During the 

dry season, the Lake is approximately 

120 km long and 35 km wide with an area of 

2,500 km2. During the flood period, the Lake 

expands to 250 km long and 100 km wide 

with an area of 17,500 km2, and the depth 

reaches 8-10 m. The Lake functions as a 

natural floodwater reservoir for the Mekong 

system during the dry season (November–
April), when approximately half of the 

discharge to the Mekong Delta in Vietnam 

originates from the Lake [51]. 

The TLS Lake is linked to the Mekong 

River by the 100-km-long TLS River [49]. 
The TLS River, which flows from the 
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southeastern end of TLS Lake, joins the 

Mekong River at the Chaktomuk confluence, 

in the vicinity of Phnom Penh. After the 

confluence, the river immediately splits into 

the smaller Bassac River and the larger 

Mekong River. In the wet season, from May 

to September, flooding and the associated 

water level increase in the Mekong River 

causes the TLS River to change flow 

direction and flow towards the northwest 

(upstream) into the Tonle Sap Lake [25]. 

 

2.2 Satellite data retrieved from Google 

Earth Engine platform 

The GEE is a cloud-based platform 

that makes it easy to access high-

performance computing resources for 

processing very large geospatial datasets 

[52]. Moreover, geospatial datasets are 

processed for the TLS Basin for rapid 

visualization of complex spatial analyses 

using the JavaScript API. 

Precipitation and evapotranspiration 

are two hydrological components used to 

calculate the water balance in the Tonle Sap 

Lake. The pre-processed datasets are 

available from the GEE platform. Satellite 

data-the precipitation from the Tropical 

Rainfall Measuring Mission (TRMM) and 

the MODIS evapotranspiration-were 

selected in the study. The three‐hourly 

TRMM 3B42V7 precipitation product [53] 

at 0.25 pixel resolution is available from 

1998 to present. The precipitation estimates 

were produced from the combination and 

calibration of microwave estimates, gap 

filling, and bias correction. The estimated 

precipitation from the TRMM dataset over 

the TLS Basin was evaluated by Mab et al 

[30]. The three-hourly rain rates were 

processed using JavaScript in the GEE 

platform into daily rainfall, which is required 

for streamflow estimation by a rainfall-

runoff model. The MOD16A2 product [54] 
provides information about 8-day 

evapotranspiration (ET) at 1-km pixel 

resolution. The 8-day ET data were 

processed into monthly ET data for this 

study. 

 

2.3 Water balance analysis of the 

Tonle Sap Lake 

Water balance analysis relies on the 

Law of Conservation of Mass, which 

requires that for a specified domain over a 

specified period of time, water inflows are 

equal to water outflows, plus or minus any 

change of storage [2]. The water balancing of 

Tonle Sap Lake was based on the equation: 

1 , , ,i i i MK i MK i iS S I I O NET−= + + − −  (2.1) 

where Si-1 and Si are the storage of TLS Lake 

at the beginning and the end of each time 

step, Ii is the inflow from the Tonle Sap 

watershed, IMK, i is the inverse flow in the 

Tonle Sap River from the Mekong River, 

OMK, i is the outflow to the Mekong River, and 

NETi is the net evaporation which equals the 

difference between the potential 

evapotranspiration (PETi) and rainfall (Pi) 
over the lake surface area. The lake surface 

area and volume were estimated using the 

relationships proposed by Kummu et al. [25, 

26]: 
3 25.5701 137.40

470.29 1680.2,

KL KL

KL

A WL WL

WL

= −  + 

+  +
 (2.2) 

20.7307 0.3554

0.9127,

KL KLV WL WL=  − 

+
 (2.3) 

where, A is the surface area of the lake (km2), 

V is the volume of the lake (km3) and WLKL 

represents the water level of TLS Lake 

measured at the Kampong Loung (KL) 
station in meters above mean sea level 

(m MSL). 

The balancing of inflows and outflows 

was calculated using the WEAP model that 

was developed by the Stockholm 

Environment Institute [38, 39]. The model 

fundamentally operates on a monthly time-
step. The watershed of TLS Lake was divided 

into 11 sub-basins and represented as a 

model. 
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2.4 Estimation of exchanged flow 

between the Mekong River and Tonle Sap 

Lake 

The Mekong River and TLS Lake 

have a substantial level of exchanged flow. 
The water levels of the river and the lake are 

related to seasonal patterns. The TLS River 

functions naturally as a tributary of the 

Mekong River. Outflow from TLS Lake takes 

place between mid-September and early 

May. Between early May and mid-

September, reverse flow in the TLS River 

occurs when the water level in the Mekong 

River is higher than in the lake. Estimations 

of the exchanged flow between TLS Lake 

and Mekong River followed the relationships 

proposed by Kummu et al. [25]: 

 

( ) ( )
0.51.2

,PK PP KLF WL WL WL=  −  (2.4) 

20.15.0467 859.839

782.264,

inQ F F= −  + 

−
 (2.5) 

28.784 434.465

167.151,

outQ F F=  + 

+
 (2.6) 

  

where, WL is the water level (m MSL), WLPK 
at Prek Kdam, WLPP at Phnom Penh Port, 

WLKL at Kampong Loung, Qin is the reverse 

flow into the TLS Lake, Qout is outflow from 

the Lake. 
 

2.5 Estimation of streamflow of Tonle 

Sap Tributaries 

The WEAP model implements several 

rainfall-runoff methods from a simple 

coefficient, soil moisture, or a complex plant-

growth simulation. The current study 

selected the MABIA method, which is based 

on the FAO-56 dual crop-coefficient 

approach [55]. Although the time-step for 

MABIA is daily, the time-step for the rest of 

the WEAP analysis does not need to be daily. 

For each simulation time-step, for example, 

monthly, MABIA would run every day in 

that time-step and then aggregate its results 

for that time-step. Groundwater-surface water 

interactions were also taken into account. 

Groundwater flow to the stream was 

estimated as the percentage of monthly 

streamflow, first derived by the built-in 

Parameter Estimation Tool (PEST) 
calibration module in WEAP. 

 

2.6 Model set-up and evaluation 

The input data of rainfall and ET were 

derived from satellite data retrieved from the 

GEE. Soil and crop characteristics, required 

by the MABIA module, were selected 

according to available information in the 

WEAP-MABIA library. Four land-use 

classes were developed by reclassifying land-
use data: forest, perennial crop, upland crop, 

and paddy rice. Silty clay soil was selected 

for paddy rice, while loam soil was applied 

for the others. All required input data were 

prepared for water balance analysis from 

2000 to 2014. 

After having set up the model, the 

estimated water-balance components were 

evaluated. Two types of observation were 

available: daily water level of TLS Lake 

measured at Kampong Loung (KL) station 

and monthly discharge measured at gage 

stations in tributaries of the TLS Lake. The 

daily water level was converted to lake 

volume using Equation (3) [25] and this was 

then used during tuning of WEAP model 

parameters with the PEST module in the 

WEAP model. The evaluation of model 

performance used R2 and the Nash and 

Sutcille efficiency index [56]. 

 

3. Results and Discussion 
3.1 Water balance results of the 

watershed area of Tonle Sap Lake 

The annual water balance in the 

watershed area of TLS Lake, estimated using 

the WEAP model is summarized in Fig. 2, 

while Fig. 3 shows monthly means of the 

components. The water balance components 

included rainfall, surface evaporation, crop 
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transpiration, surface runoff, and deep 

percolation to groundwater storage. 

Fig. 2 shows that the annual rainfall of 

the watershed was 1,763.5 mm. The driest 

year was in 2010 with annual rainfall of 

1,395.8 mm, while the highest rainfall 

(1,978.7 mm) occurred in 2000. 
Evapotranspiration (ET) represented about 

80% (1,411.7 mm) of water depletion from 

the watershed. The module MABIA in the 

WEAP model estimated independently the 

surface evaporation (E) and crop 

transpiration (T). The annual mean 

evaporation (E) was 384.4 mm, indicating 

approximately 22% water depletion; it varied 

from 355.8 mm (2010) to 429.8 mm (2000). 

The annual transpiration (T) of 1,027.3 mm 

represented the largest fraction of water 

depletion (58%) and it ranged from 902.9 

mm (2010) to 1179.8 mm (2000). Only 

12.7% of rainfall (224.7 mm) was 

transformed to surface runoff. The minimum 

runoff was estimated at 47.5 mm (2010); the 

maximum was estimated at 428.2 mm 

(2013). Deep percolation to groundwater 

storage represented 7.6% of rainfall (135.4 

mm) with values ranging from 86.4 mm 

(2010) to 184.2 mm (2008). 

The seasonal pattern based on the 

monthly distribution (Fig. 3) suggested that 

high rainfall occurs during the wet season 

from May to October (200 mm or higher). 

The highest rainfall (383 mm) was in 

September. The seasonal variation of ET 

correspondingly followed the rainfall 

pattern; indeed, crop transpiration increased 

during the wet season. An important amount 

of surface runoff was formed at the end of the 

wet season (September and October). 

Although only a very limited 

observation dataset was available, model-

parameter tuning and result validation were 

carried out to a certain degree. Fig. 4 shows 

an example of streamflow validation at the 

gage station in Stung Sen Basin (ST8)—the 

largest sub-basin of the Tonle Sap Lake. 
Streamflow estimated from the WEAP 

model was the combination of surface runoff 

and groundwater flow. It is worth noting that 

the flow routing scheme was not 

implemented in the last version of WEAP 

(Jan 2019); hence only monthly results can 

reasonably be interpreted. The hydrograph of 

the simulated streamflow was compared with 

that of the observed data (2000-2011) 

(Fig. 4). The scatter plot between simulation 

and observation of streamflow is shown in 

Fig. 5. The model performance in streamflow 

estimation was satisfactory [57] with an R2 
value close to 0.6. 

 

 

 
 

Fig. 2. Inter-annual variation of water balance components (inflow positive, outflow negative) in the 

watershed area of the Tonle Sap Lake. 
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Fig. 3. Monthly variation of water balance components (inflow positive, outflow negative) in the 

watershed area of the Tonle Sap Lake. 

 

 
 

Fig. 4. Monthly simulated streamflow (Qsim) from 2000-2014 compared to observed data (Qobs) at the 

Stung Sen Basin gage station (ST8). 

 

 
 

Fig. 5. Scatter plot between simulated and 

observed streamflow at the Stung Sen Basin gage 

station (ST8). 

 

3.2 Water balance results of the Tonle 

Sap Lake 

The simulation results of water 

balance in TLS Lake using satellite-derived 

inputs and WEAP model are summarized in 

Table 1 and shown in Fig. 6 and Fig. 7. The 

water balance components comprised inflow 

from the watershed, inflow from the Mekong 

River, and outflow from the Lake. 

The annual results shown in Fig. 6 and 

Table 1 indicate that the estimated mean 

volumes of total inflow and total outflow 

were 69 km3 per year. Nevertheless, WEAP 

did not report the rainfall and evaporation 

volumes over the lake surface. Based on the 

annual balance, the net evaporation was 

neutral with approximately 10 km3 lost by 

evaporation and 10 km3 gained from rainfall. 
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The total inflow varied from 46.2 to 89.6 

km3. The highest inflow (89.6 km3) occurred 

in 2011 during one of the worst floods in the 

Lower Mekong River Basin. 

The total outflow to the Mekong River 

was estimated between 49.2 km3 and 86.5 

km3 per year. The annual mean inflow from 

the Mekong River to the TLS Lake was 

estimated at 43.1 km3 and varied from 32.4 

km3 to 51.6 km3. The lake water balance 

revealed the Mekong River has a great 

impact on the availability of the TLS Lake’s 

water resource, as it represented more than 

half of the total inflow to the Lake. Another 

important component was the inflow from 

the watershed of the TLS Lake, which was 

estimated to be between 11.8 km3 and 36.2 

km3 per year and 25.3 km3 on average. 

 

Table 1. Inter-annual water balance of Tonle Sap Lake. 

Note: *Percentage of inflow from Mekong River into Tonle Sap Lake compared to total inflow. 

 

 
 

Fig. 6. Inter-annual variation of inflows (positive) and outflow (negative) of the Tonle Sap Lake. 
 

Year 
Watershed 

Rainfall 

Inflow from 

watershed 

Inflow from 

Mekong river 
Total inflow Total outflow 

Lake storage 

on 31 Dec 
 (mm) (km3) (km3)  (km3) (km3) (km3) 

2000 1,978.7 34.73 51.62 59.74%* 86.42 -86.55 27.38 

2001 1,778.5 25.20 51.59 67.14% 76.84 -79.18 25.62 

2002 1,545.2 20.39 53.43 72.34% 73.86 -75.17 23.23 

2003 1,590.7 20.45 38.32 65.15% 58.82 -62.29 17.60 

2004 1,656.7 19.90 47.95 70.62% 67.90 -62.32 19.92 

2005 1,625.4 16.09 53.15 76.35% 69.60 -66.75 21.96 

2006 1,924.8 34.55 36.70 49.57% 74.04 -73.52 22.64 

2007 1,778.6 27.17 33.42 54.34% 61.49 -60.83 22.13 

2008 1,885.5 21.63 40.21 64.25% 62.59 -62.59 23.44 

2009 1,885.2 28.53 37.11 56.49% 65.69 -68.83 21.18 

2010 1,395.8 11.83 34.30 74.27% 46.19 -49.21 15.57 

2011 1,976.7 35.19 51.45 57.40% 89.62 -77.27 31.28 

2012 1,703.0 18.08 33.58 64.94% 51.71 -65.73 16.76 

2013 1,953.3 36.17 32.43 44.42% 73.01 -68.30 23.65 

2014 1,774.7 29.43 51.91 63.71% 81.48 -80.19 26.37 

Mean 1,763.5 25.29 43.14 62.72% 69.28 -69.25 22.58 
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Fig. 7. Monthly variation of inflows (positive) and outflow (negative) of the Tonle Sap Lake. 

 

 
 

Fig. 8. Changes in storage of the Tonle Sap Lake (2000-2014). 

 

.

 
 

Fig. 9. Scatter plot of simulation and observation 

of storages of the Tonle Sap Lake (km3). 
 

To compare the current water-balance 

analysis to the previous study [25], Kummu 

et al (2014) analyzed the water balance in 

TLS Lake from 1997 to 2005. They reported 

the inflow into the lake ranged from 51.1 km3 

to 109.0 km3 with an average of 83.1 km3 
(including the lake rainfall of 10.4 km3), and 

the outflow from the lake ranged from 60.8 to 

114.4 km3 with an average of 81.9 km3 
(including the lake evaporation of 10.6 km3). 

The current study estimated the comparable 

means (69 km3 + 10 km3) of both inflow and 

outflow. Regarding the mean of monthly 

components (Fig. 7), the seasonal variation 

of inflow pattern from the watershed 

corresponded to that of the rainfall pattern. 
The major flows occurred from May to 
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November, whereas the high flows were 

observed in September and October. Positive 

and negative flows were produced from the 

Lake to the Mekong River. A positive flow 

signifies the direction of inflow from the 

Mekong River to the Lake. A negative flow 

indicates the reverse directions of flow. In 

general, outflow from the Lake to the 

Mekong through the TLS River occurs from 

January to May and from October to 

December. The flow from the Mekong River 

reaches the Lake from June to September, 

when the water level in the Mekong River is 

higher than in the Lake. 

Lake storage with a maximum volume 

not exceeding 80 km3 represents a 

considerable component in the TLS Lake 

system. The reference volume was calculated 

from the observed water level using the 

relationships in equation (2.3). Fig. 8 shows 

the comparison between the observed and 

simulated volumes of the Lake. Fig. 9 shows 

the scatter plot between the simulation and 

observation. Based on a 15-year simulation 

from 2000 to 2014, the model performed 

very well (R2=0.94 and NSE=0.91) in 

simulating the changes in the lake volume. 
The rise and fall of the simulated volumes 

fitted very well with the observations, except 

during the dry period from January to April, 

where the simulated fall appeared slower. 

 

4. Conclusion and Recommendations 
In conclusion, this research 

investigated an option to conduct a 

comprehensive water balance analysis in a 

large region using satellite-derived data. Two 

key inputs—TRMM precipitation and 

MODIS evapotranspiration—were retrieved 

using the GEE platform. The WEAP model 

successfully estimated the water-balance 

components in the TLS system. Using 

contemporary data and tools, the water 

balance analysis of TLS Lake was extended 

to 2014. It was found that the mean annual 

rainfall for the period 2000-2014 in the TLS 

watershed was 1,763.5 mm. Surface runoff 

represented 12.7% of rainfall (224.7 mm). 
The simulation estimated the mean annual 

volume of surface inflow to the lake was 69 

km3. The Mekong River had a great impact 

on the availability of the lake’s water 

resource, since it supplied 62% of surface 

inflow to the lake. The bi-directional flow in 

the Tonle Sap River was induced by the 

water level differences between the TLS 

Lake and the Mekong River. Outflow from 

the lake produces a normal flow in the 

direction of the TLS River. The reverse flow 

direction occurred from June to September 

when water levels in the Mekong River were 

higher than those in the lake. 

Although knowledge of the hydrology 

of the TLS system has increased rapidly [25], 

a fundamental analysis of the hydrology 

(water balance) still presents a challenge in 

this area. Kummu et al. [25] investigated the 

water balance of TLS Lake from 1997 to 

2004. The current study extended the 

analysis to 2014 using inputs from satellite-
derived data (TRMM precipitation and 

MODIS ET). Although the satellite data have 

been evaluated in earlier studies [30, 58], 

further validation with ground observations 

are recommended. 

WEAP’s performance in simulating 

the water balance of the TLS system was 

satisfactory. However, the model has certain 

limitations for a detailed analysis of 

evaporation and rainfall associated with the 

lake because WEAP combines the two 

components into one input variable (net 

evaporation). Moreover, the lack of a module 

to represent the flow-routing process reduces 

WEAP’s applicability for the sole analysis of 

the water balance, and not the full rainfall-

runoff relationship. Further research is 

urgently required to develop a model capable 

of simulating a large hydrological system 

based on limited observed data. In addition, 

we still require more sophisticated tools to 
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represent exchange flows between the TLS 

Lake and the Mekong River. 

Challenges in the Mekong River Basin 

management in the future environment are 

obvious—climate change, hydropower 

development, and intensification of 

agricultural water use. Their impacts on the 

Mekong’s flows have been investigated [3, 7, 

16, 20, 59]. In addition, the impacts of 

changes in the Mekong’s flow regime on the 

Lake’s water resource need to be addressed 

[13]. 
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