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(water requirement for growth of crops is unsatisfied because of soil moisture deficiency). In 

specific, meteorological drought mainly affects rain-fed paddy (taking up more than 75% of 

paddy in the Mekong River Basin in Lao PDR, Thailand and Cambodia, see Fig. 1.3-4 for the 

distribution). In Lao PDR, Thailand and Cambodia, rain-fed paddy makes up around 90% of 

crop area, so agriculture of the Mekong River Basin is under great influence of drought1. 

2.4.1 Drought loss  

Drought loss in the Mekong River Basin is mainly made up of agricultural loss, such as 

reduction or devastation of yield, especially for paddy. In addition, fishery and livestock yields 

may be also reduced. According to MRC “Report of Flood and Drought Management and 

Mitigation Programme 2011-2015”, EM-DATdatabase and ADRC data, the recent drought 

losses in the Mekong Basin are as in Table 2.4-1. 

 

Table 2.4-1 Estimate of Drought Loss in the Mekong River Basin. 

Country  Year 

Estimated 

Loss 

(Mn USD) 

Evaluation  Data Source 

Cambodia 

1987 - - EM-DAT 

1994.6 100 - EM-DAT 

1998.9 14.5 

Fishing loss of 

the Tonle Sap 

Lake 

WFP，2009 

1999 6 Mekong Delta 
MRC working 

paper(2011-2015) 

2001.9 - - EM-DAT 

2002.3 22 
Mainly paddy 

output  
IRRI，2007 

2003.4 14.5 

Fishing loss of 

the Tonle Sap 

Lake 

MRC working 

paper(2011-2015)  

2004.5 21 
Mainly paddy 

output  
WFP，2009 

                                                 
1 The Impact&Management of Floods&Droughts in the Lower Mekong Basin&the Implications of Possible 

Climate Change，Mekong River Commission，March 2012 
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Country  Year 

Estimated 

Loss 

(Mn USD) 

Evaluation  Data Source 

2007.8 14.5 

Fishing loss of 

the Tonle Sap 

Lake 

MRC working 

paper(2011-2015) 

2016.5 - 

Provinces near 

Tonle Sap 

Lake  

EM-DAT 

Lao PDR 

1977 - 
Southern 

provinces 

EM-DAT 

1987 - 
Northern 

provinces 

1988.12 - 
Southern 

provinces 

1991.7 1 National 

1999.1 - - 

Myanmar No record in the EM-dAT or ADRC database 

Northeastern 

Thailand 

1991.3 - - EM-DAT 

1993 2 

North and 

Middle 

Thailand 

EM-DAT 

1999.1 - - EM-DAT 

2002.2 2.3 

Northeastern 

Thailand 

(Mekong 

River Basin 

part) 

EM-DAT  

2005.1-2005.3 - 

Thailand, 

including 

some 

provinces in 

the Mekong 

River Basin 

EM-DAT 

2008.4 - 

Most 

provinces of 

Thailand, 

including 

some 

provinces in 

the Mekong 

River Basin  

EM-DAT 
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Country  Year 

Estimated 

Loss 

(Mn USD) 

Evaluation  Data Source 

2010.3 - 

Most 

provinces of 

Thailand, 

including 

some 

provinces in 

the Mekong 

River Basin  

EM-DAT 

2011.6 - 

Most 

provinces of 

Thailand, 

including 

some 

provinces in 

the Mekong 

River Basin  

EM-DAT 

2012.4-2012.8 1.2 

Most 

provinces of 

Thailand  

EM-DAT 

2014.3 - 

42 provinces 

in northern 

Thailand, 28 

provinces in 

the northeast  

EM-DAT 

2016.5 - 

Only paddy 

output, loss 

may be 

underestimated  

EM-DAT 

Annual Loss 10 

Thailand, 

including 

some 

provinces in 

the Mekong 

River Basin 

MRC working paper 

(2011-2015) 

Viet Nam 

Cuu Long 

River delta 

1997.12-1998.4 - National EM-DAT 

1998.12-1999.4 6 
Cuu Long 

River delta 
EM-DAT 

2002 24 Mekong Delta Mekong Flood Report 

2004.7-2004.11 42 Mekong Delta MARD，2005 
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Country  Year 

Estimated 

Loss 

(Mn USD) 

Evaluation  Data Source 

2004.11-2005.4 110 

Middle and 

South Viet 

Nam 

EM-DAT 

2016.5 675 Mekong Delta EM-DAT 

 

It should be noted the drought loss in said table is merely the estimated loss in a given aspect, 

so the drought loss is understated. Even so, the loss remains huge. The drought loss of the Cuu 

Long River Delta in 2002 and May 2004 is much higher than that of the loss of 7 out of the 9 

floods in 2000-2008. In northeastern Thailand, drought-caused paddy loss is about 10 million 

USD/ year, and its impact on aquaculture of the Tonle Sap Lake is also very apparent, with a 

yearly loss of 15 million USD/ Year1. 

According to the survey of drought loss of each country in the basin, droughts cause bigger 

affected population and economic loss than floods, though drought doesn’t take place frequently, 

and individual droughts feature extensive impact, long duration and huge economic loss and 

the gross loss incurred thereof tends to increase significantly.  

Cambodia records 10 drought events, of which the 1987 drought isn’t recorded with occurrence 

place, affected population and loss data. 6 of the other 9 droughts took place after 2000, 

indicating drought frequency increased significantly in the recent 20 years in Cambodia. Seen 

from affected population, the 1994 drought incurred a loss of 100 million USD, and the loss of 

other droughts fell between 6 million USD and 22 million USD.  

Lao PDR encountered 5 droughts, mainly between 1987 and 1999, and no drought was reported 

since the beginning of the 21st century. In the country, a single drought imposes extensive 

influence in many provinces and even across the country. On the whole, droughts feature small 

frequency and extensive influence in Lao PDR.  

In Myanmar, drought frequency is low, and the country has no drought report no matter on 

                                                 
1 The Impact&Management of Floods&Droughts in the Lower Mekong Basin&the Implications of Possible 

Climate Change，Mekong River Commission，March 2012 



 

95 

 

Belgium’s EM-DAT web or Asian disaster reduction web.  

In northeastern Thailand (the part in the Mekong River Basin), a total of 11 drought events took 

place, mainly after 2000, which indicates the country’s drought frequency is also on a prominent 

rise upon the beginning of the 21st century. Seen from the economic loss of droughts, drought 

loss of 72 provinces in Thailand amounted to 3.3 billion USD in 2016 and 420 million USD in 

2005. According to conservative estimate based on nationwide drought loss data, the drought 

loss in northeastern Thailand was 1.0-2.0 billion USD in 2016 and 100-200 million USD in 

2005.  

Drought recording of the Mekong Delta in Viet Nam started from 1997 to 2016, during which 

6 drought disasters took place. Compared to other countries, its drought loss is the most serious 

though at a low frequency, and single drought’s loss is about 24 million USD.  

2.4.2 Typical Drought Disasters 

Abnormally deficient rainfall is a critical factor driving the formation and occurrence of drought. 

When the precipitation in a region is small for a long time compared to the same periods in 

history, meteorological drought will be formed in the region; along with the further 

development of drought, soil moisture will start to decline because of the persistent shortage of 

rainfall replenishment, effective replenishment of river runoffs will be difficult and thereby, 

river discharge will decrease and hydrological drought will occur. Over the past few decades, 

countries along the Mekong River have experienced different degrees of drought events, 

causing tremendous impacts on agriculture, fisheries and production and life. This research 

selected two typical drought events in 2004-2005 and 2016 to reveal the causes, development 

process and impact of drought from the atmospheric circulation, meteorology, hydrology and 

other backgrounds. Specifically, the standardized precipitation index (SPI) (SPI1, SPI3, SPI6 

and SPI12)1  for diagnosing meteorological drought was established on different temporal 

scales of one month, three months, six months and twelve months based on the rainfall data of 

the past 116 years; and three typical hydrological stations, Chiang Saen, Mukdahman and Stung 

                                                 
1 The definition of SPI and SRI please referred to chapter 4. 
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Treng, were selected as representatives of hydrological characteristics of upper, middle and 

lower reaches of the mainstream Mekong River, as well as the one-month, three-month, six-

month and twelve-month standardized runoff indexes (SRI1, SRI3, SRI6 and SRI12) were 

calculated respectively based on each station’s average monthly cross-section runoff sequence 

from January 1985 to December 2016. Based on the two established representative indicators 

of SPI and SRI, the causes and development of typical drought were analyzed.  

1. Drought in 2004-2005 

Since September 2004, most of the middle-east equator Pacific Ocean has been controlled by 

positive SST anomaly above 0.5℃ and the SST anomaly index in the NINO composite region 

(NINO1+2+3+4) has reached 0.6, indicating that the atmosphere-ocean in the tropical Pacific 

Ocean has entered the El Nino state; during the next 3-4 months (October 2004-January 2005), 

the sea surface temperature in the middle-east equator Pacific Ocean continued to be warmer 

and the most of the equatorial Pacific maintained a positive SST anomaly above 0.5℃ . 

Southern Oscillation Index continued to be negative and the El Nino phenomenon continued; 

until May 2005, the Pacific sea surface temperature returned to normal, marking the end of the 

El Nino event1. 

Under the background of tropical Pacific ocean-atmosphere circulation anomaly, the early end 

of the wet season in 2004 in the Mekong River Basin led to widespread rainfall deficit in 

Thailand, Cambodia, Vietnam and other countries. Fig.2.4-1 shows the spatial distribution of 

SPI6 in the Mekong River Basin in the dry season (November 2004-April 2005) and wet season 

(May 2005-October 2005) and SPI12 in the whole year (November 2004-October 2005). Fig. 

shows that in the dry season of 2004-2005, except for a small part of the northern part of the 

basin, the SPI of the other areas was generally smaller than -1, indicating that the precipitation 

throughout the basin was apparently smaller than former years and indicating the moderate or 

above meteorological drought. The SPI of the Thai-Lao border, central Lao PDR and the 

Mekong Delta Region was much smaller than -1.5, indicating that the drought in the above 

                                                 
1 Wang Qiyi, Ren Fumin. The latest ENSO monitoring. Date: Mar. 16, 2005; news source: Climate System 

Diagnosis and Forecast Office. http://ncc.cma.gov.cn 
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areas has reached the degree of exceptional drought. In the wet season of 2005, the drought 

coverage decreased significantly and the severity declined significantly compared with the dry 

season. The areas with less precipitation were mainly concentrated in northeastern Thailand, 

Cambodia and the Mekong Delta in Vietnam and other middle and lower reaches. The SPI value 

of southwestern Cambodia was generally lower than -1, indicating the moderate drought in this 

area. Relatively speaking, countries such as Myanmar and Lao PDR in the upper reaches have 

abundant rainfall, high SPI and no drought. On the yearly scale, the drought in November 2004-

October 2005 was mainly concentrated in the southern countries in the middle and lower 

reaches, including eastern Thailand, southern Lao PDR, Cambodia and the Mekong Delta in 

Vietnam and so on; in terms of drought severity, the drought in the south was more severe than 

that in the north, reaching severe drought.  

Fig.2.4-2 further shows the spatial distribution of monthly SPI3 (November 2004-April 2005) 

in 2004-2005 dry season in the Mekong River Basin. In November 2004, SPI was calculated 

based on the cumulative rainfall of September-November (three months) in 2004, and was 

analogized in other months. It is known from Fig. that in November 2004, the rainfall in the 

whole Mekong River Basin was lower than the historical level of the same period and the SPI 

value was negative, indicating that the whole basin was affected by drought. Among them, the 

drought in the southern region of the basin (northeastern Thailand, southern Lao PDR, 

Cambodia and Vietnam and other countries) was particularly serious and SPI values were lower 

than -1.5, indicating severe drought; in December, the rainfall continued to be low and the 

drought in the Mekong River Basin continued to aggravate, as well as the scope of severe 

drought continued to expand; in 2005, the whole basin in the first two months (January and 

February) was still in a continuous situation of less rain and drought was still severe; after 

entering the late dry season (March 2005-April 2005), the basin began to rain gradually and the 

SPI values of the northern parts of the basin (such as Myanmar, northern Lao PDR, etc.) 

returned to positive value and the regional drought subsided; although the southern region was 

still in a state of rainfall deficit, the overall drought has been effectively alleviated and the 

degree of drought has gradually been weakened to a mild level.  

Fig.2.4-3 shows the six-month SRI (SRI6) sequences of three typical hydrological stations, 
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Chiang Saen, Mukdahman and Stung Treng, in the upper, middle and lower reaches of the 

mainstream Mekong River. The SRI of Chiang Saen station in the upper reaches was lower than 

-0.5 in 2004-2005 and close to -2 in some periods, indicating that the runoff of this station in 

2004-2005 was much lower than that of the same time in the previous years and the relatively 

severe hydrological drought occurred; compared with Chiang Saen station, the runoff of 

Mukdahman station was obviously lower in 2004-2005 dry season and the hydrological drought 

reached moderate or above level; compared with two stations in the upper and middle reaches, 

the dry season runoff of Stung Treng station in 2004-2005 did not show obvious anomalies, and 

the hydrological drought occurred mainly in the early months of 2005.  

 

Fig.2.4-1 Spatial distribution of SPI6 in the dry and rainy seasons and SPI12 in the whole year in 

2004-2005 in the Mekong River Basin. a) Nov. 2004-Apr. 2005; b) May 2005-Oct. 2005; c) Nov. 

2004-Oct. 2005.  
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Fig.2.4-2 Spatial distribution of monthly SPI3 in 2004-2005 dry Season in the Mekong River 

Basin (a-f in Fig. is Nov. 2004-Apr. 2005 respectively).  

 

Fig.2.4-3 SRI (SRI6) sequences of Chiang Saen, Mukdahan and Stung Treng stations. 
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Influence of drought in 2004-2005 

In 2004-2005, drought events imposed very serious impact on Viet Nam, Cambodia and 

Thailand in the basin.  

In Cambodia, drought events that took place in 2004-2005 are the most serious in recent years, 

affecting 14 out of the 24 provinces, reducing paddy cultivation in all provinces and incurring 

a food shortage for 500,000 people.  

Thailand suffered exceptionally serious droughts in 2004-2005, which affected 63 out of the 76 

provinces. Across the country, 9 million people’s life was affected, and irrigation water was 

restricted (and even prohibited) for assuring domestic water supply. Its gross loss amounted to 

193 million USD, and data about the Ko Kret Plateau are absent.  

The wet season of 2004 ended early, leading to the failure of autumn paddy cultivation in Viet 

Nam, especially in the Cuu Long Delta where more than 104,000 hm2 of paddy was damaged. 

The impact was most serious in Ben Tre Province, where about 7,000 hm2 of paddy and 15,000 

hm2 of fruit farms were damaged, involving a value of 33 million USD. In addition, 82,000 

households were forced to buy drinking water (4.5 USD/m3). In the Cuu Long Delta, gross 

drought loss amounted to 42 million USD. 

2. Drought in 2016 

In August 2015, the sea surface temperature anomaly over Nino3.4 in the tropical Pacific region 

(i.e. degree of deviation from the climate mean state) exceeded 2℃ (for the first time since the 

21st Century), while in November 2015, the sea surface temperature anomaly in this area 

reached 2.95℃, exceeding the record of 1997-98 super El Nino event. During the winter 

(December 2015-February 2016) in the Northern Hemisphere, the El Nino event remained at 

its peak until March, when the unusually cold water on the thermocline began to surge toward 

the sea surface along the coast of South America, and the sea surface temperature in the middle-

east equator Pacific Ocean began to drop sharply, and eventually returned to the neutral state at 

the end of May, the El Nino event ended. According to the data of World Meteorological 

Organization, the El Nino phenomenon in 2015-2016 was relatively strong, comparable to the 
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strongest El Nino in 1997-1998 since records began1。 

Under the influence of strong El Nino, the rainfall in Vietnam, Thailand, Myanmar and other 

countries in early 2016 was significantly less than that in previous years. From Fig.2.4-4a, it 

can be seen that on the one-month scale, the obvious rainfall deficit generally occurred in the 

middle and lower reaches of the southern Mekong River in April 2016 (SPI<-1) and the 

moderate or above meteorological drought occurred. Especially in the southeastern pat of the 

basin, including southern Lao PDR, eastern Cambodia, Vietnam and a small part of the eastern 

Thailand, their SPI values were lower than -1.5, indicating that the drought in these areas 

reached the exceptional drought level in the same month. When the temporal scale is extended 

to three months (Fig.2.4-4b), it can be found that the drought coverage based on three-month 

cumulative rainfall monitoring (February-April 2016) was further extended to the entire 

Mekong Delta region, covering northeastern Thailand, central and southern Lao PDR, 

Cambodia and the Mekong Delta; at the same time, the SPI value was generally lower than -

1.5, indicating the severe and exceptional droughts; the diagnostic results on the six-month 

scale (November 2015-April 2016) show that the drought was mainly concentrated in 

northeastern Thailand and Cambodia and reached severe drought level. Compared with the 

diagnostic results on the three-month scale (Fig.2.4-4b), there was no meteorological drought 

on the six-month scale (SPI>0) in the Mekong Delta.  

                                                 
1 Mekong River Commission and Ministry of Water Resources of the People's Republic of China (2016). 

Technical Report – Joint Observation and Evaluation of the Emergency Water Supplement from China to the 

Mekong River. Mekong River Commission, Vientiane, Lao PDR. 
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Fig.2.4-4 SPI distribution in the Mekong River Basin on the one-month, three-month and six-

month scales in 2016. a) SPI1: Apr. 2016; b) SPI3: Feb.-Apr. 2016; c) SPI6: Nov. 2015 –Apr. 2016 

Fig.2.4-5 further shows the spatial distribution of monthly SPI3 in the Mekong River Basin 

from November 2015 to April 2016. It can be seen from Fig. that in November 2015, the 

Mekong River Basin was slightly dry and only a small range of mild drought took place in 

eastern Cambodia; in December 2015 and January 2016, most of the basin was wet; in February, 

the drought occurred, but mainly in the area with the border area of Thailand, Cambodia and 

Lao PDR as the center while most of the northern region was still wet; in March, the drought 

was widened to most parts of northern Thailand and Cambodia and generally reached the 

moderate level; as rainfall continued to be low, the drought in April was further expanded and 

covered all areas of the basin except northern Lao PDR and the severity of the drought reached 

severe level.  
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Fig.2.4-5 Spatial distribution of monthly SPI3 in 2015-2016 dry season in the Mekong River 

Basin (a-f in Fig. is Nov. 2015-Apr. 2016 respectively). 

Based on Fig.2.4-3, the hydrological drought situation of three typical hydrological stations in 

2016 was further analyzed. From the figure we can see that the SRI of Chiang Saen station in 

the upper reaches of the river in 2016 was basically above zero, indicating that the observed 

runoff of the station in 2016 was not lower than that of the same period in the previous years 

and there was no hydrological drought; for Mukdahan station in the middle reaches of the river, 

the SRI value in 2016 was lower than -0.5, indicating that the station had a certain degree of 

hydrological drought, but the drought was relatively mild. Compared with the two stations in 

the upper and middle reaches of the basin, the runoff of Stung Treng station in the lower reaches 

in 2016 was obviously lower than that in previous years and SRI value was even close to -2, 

showing a very serious hydrological drought. It can be seen that, compared with the upstream 

stations, the downstream stations experienced more severe hydrological droughts in 2016.  
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Combined with the above meteorological and hydrological analysis, February-April 2016 is the 

most extensive and influential period of the drought event. Among them, the sustained low 

rainfall in February-April triggered a certain degree of meteorological drought in the Mekong 

Delta region, but far less than that in Cambodia and Thailand in the upper reaches; however, 

the less rainfall and the reduction of upstream inflow resulted in the severe hydrological drought 

in the Mekong Delta region and further aggravated the seawater invasion. This series of chain 

reactions has led to heavy losses caused by drought in the Mekong Delta in 2016.  

Influence of drought in 2016 

The beginning of 2016 saw serious drought in the Mekong River Basin, especially in Viet Nam. 

According to the official media1, Viet Nam was meeting with the most serious drought in recent 

90 years, which had affected 39 out of the 63 provinces; saltwater intrusion started 2 months 

earlier in the dry delta, due to which 40-93 kilometers of the main channel had been intruded, 

30% of the 1.15 million hm2 of winter and spring crops were threatened, many coastal provinces 

would endure a long-time shortage of water, and local agricultural production and life had been 

influenced severely. Nearly one million Vietnamese were faced with a shortage of daily water, 

nearly 160,000 hm2 of farmland was affected, and the economic loss was estimated at 10.50 

million USD 2 .According to another media report 3 ,the Scientific Symposium on the 

Environmental Impact from Hydropower Projects on the Mainstream Mekong River, held in 

Can Tho Province on March 4, deems 2016 witnessed the most serious alkaline erosion and 

drought in the Cuu Long River Plain in recent 100 years. The alkaline-eroded distance was 10 

kilometers and 9 kilometers for provinces along Tien Giang and Hau Giang. Because of climate 

change, aquatic product output of this region was estimated to decline by 600,000 t/a and crop 

output would also decline by 224,000 t/a. Total loss of agriculture and aquaculture was about 

520 million VND (about 230 million USD), taking up 2.3% of its GDP. 

Other countries attacked by severe drought included Thailand and Myanmar. In Thailand, the 

                                                 
1VN Express (March 14, 2016) 

2UN Office for the Coordination of Humanitarian Affairs (December 15, 2016) 

3Nhan Dan Newspaper (March 7, 2016) 
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persistent drought for two consecutive years affected food output seriously and also influenced 

the economy. Nearly 70 out of the 77 provinces went through the most serious drought in 

decades, with more than 9.56 million people affected. More than 2 million hm2 of farmland was 

damaged, and the economic loss reached hundreds of millions of USD. Myanmar suffered 

persistent high temperature, and agriculture and farmers there were suffering from drought. 

As requested by the Vietnamese government, the Chinese government replenished water 

emergently to the lower reaches on March 15-May 31, 2016, during which period the Jinghong 

Hydropower Station increased the discharged flow from 1,000m3/s to above 2,000m3/s. The 

emergency replenishment is a spatio-temporal regulation of water resources that was realized 

through water storage of upper reservoir in the special conditions of lower reaches, 

demonstrating humanitarian spirit and positive and practical cooperation attitude of the 

Lancang-Mekong cooperation mechanism 

2.5 Summary 

Through collecting and reorganizing data in international authoritative disaster databases at and 

released officially by MRC and disaster bulletins these countries released publicly, we 

preliminarily analyzed the flood loss of the Mekong River Basin and got the following 

conclusions: 

(1) Flood causes heavy fatalities in the basin. Flood-caused fatalities in the Mekong River 

Basin were most serious, 825, in 2000, followed by 2001 (489), 2011 (396), 2013 (247) and 

1996 (173). The death toll is smaller than 100 in other years. Cambodia and the Cuu Long Delta, 

Vietnam take the largest shares while the share is small in northeastern Thailand and Lao PDR. 

(2) Flood imposes significant impact on agriculture. 2000 saw the biggest agricultural impact 

of floods, approximately 2.50 million hm2, followed by 2011, about 500,000 hm2. Seen from 

the geographic distribution, agricultural impact gathered in the Cuu Long River Delta, Viet 

Nam in 2000, and gathered mostly in Cambodia and the Cuu Long River Delta, Viet Nam and 

partially in Lao PDR in 2011. In 2013, floods mainly affected agriculture in the irrigation 

regions of northeastern Thailand. 
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(3) Flood incurs serious economic loss in countries at the basin. Seen from the statistical 

analysis of flood-caused economic loss at the basin in 1996-2014, Cambodia ranks top by 1.4 

billion USD, followed by Viet Nam by 980 million USD and Lao PDR by 590 million USD. 

Thailand ranks bottom by 310 million USD.  

(4) Extreme floods take place more frequently and cause a huge loss upon the beginning of the 

21st century. The flood loss amounted to 1.164 billion USD in 2011, taking up 35% of the gross 

flood loss in 1996-2014; to 651 million USD in 2013, taking up 20%; and to 462 million USD 

in 2000, taking up 14%. The flood loss was heavy in those three years. In addition, flood losses 

of the four countries were synchronous in time.  

(5) Drought features extensive influence, long duration and huge economic loss. Though 

drought doesn’t take place frequently, drought imposes heavy impact on population and incurs 

huge economic loss in these countries, and individual droughts feature extensive impact, long 

duration and huge economic loss and the gross loss incurred thereof tends to increase 

significantly. The drought loss of the Cuu Long River Delta in 2002 and May 2004 is much 

higher than that of the loss of 7 out of the 9 floods in 2000-2008. In northeastern Thailand, 

drought-caused paddy loss is about 10 million USD/ year, very nearly the same with yearly 

flood loss in the region. Besides, drought has very apparent influence on fishery breeding at the 

Tonle Sap Lake, with a yearly loss of 15 million USD/ year or so. Seen from spatial distribution, 

drought loss is heavy in northeastern Thailand, Cambodia and Viet Nam and relatively mild in 

Lao PDR.  



 

107 

 

3. Analysis of flood Character in the Mekong River 

Basin  

3.1 Data and Methodology 

3.1.1 Data 

(1) The historical long-sequence section flow data of major hydrological stations of Chiang 

Saen, Luang Prabang, Nong Khai, Nakhon Phanom, Mukdahan, Pakse, Stung Treng, Kratie on 

mainstream Mekong River (from upper to lower reaches, see Fig. 3.1-1 and Table 3.1-1) was 

collected from Mekong River Commission. The sequence length is 1985-2016, and temporal 

resolution is daily. 

(2) As input of hydrological modelling, meteorological data, soil data and vegetation 

information was collected and applied in this chapter. Including: 

 Ground observation meteorological/rainfall data from Mekong River Commission, 

including daily rainfall information from 502 rainfall stations of which 32 are 

conventional meteorological stations offering daily meteorological elements such as 

barometric pressure, temperature, humidity, wind speed and direction, sunshine 

duration and solar radiation etc. The period is 1991-2005. 

 Satellite-based rainfall product TRMM3B42_7.01 was used for the period 1998-2016. 

 Soil data was based on the global earth database provided by FAO 

                                                 
1Satellite TRMM, jointly developed and designed by NASA (National Aeronautics and Space Administration) and 

JAXA (Japan Aerospace Exploration Agency), is mainly used to monitor and study rainfall in tropical regions, 

actually covering a wide region ranging between 50°N and 50 °S on Earth. Satellite TRMM, a low earth orbit satellite 

at the dip angle about 35°, launched on November 28 1997 in Japan, is the first meteorological satellite specifically 

used to observe rainfall in tropics and subtropics, carrying sensors such as TMI, PR, VIRS, LIS and CERES. Of 

devices carried by satellite TRMM, PR is groundbreakingly designed and made by Japan's National Space 

Development Agency (NASDA) and can provide 3D structure of rainstorm, capable of increasing accurate 

estimation of rainfall. TRMM provides rainfall data ranging between 50°N and 50°S and multiple time intervals in 

the globe, supplementing rainfall information of no-information regions in the globe.  
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(http://www.fao.org/home/en/) of which the spatial resolution is 10 km. 

 As to vegetation information, NDVI and LAI data products of MODIS were used and 

NDVI data of Mekong basin were downloaded from the technical website of NASA 

(http://reverb.echo.nasa.gov/reverb). 

 

Fig. 3.1-1 Hydrological stations along Mekong mainstream. 

 

 

 

 

 

 

http://reverb.echo.nasa.gov/reverb
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Table 3.1-1 Main properties of hydrological stations along Mekong mainstream. 

No. Station 
Location  

Country  Start/End year 
Latitude  Longitude  

1 Chiang Sean 20.274 100.089 Thailand 1985-2016 

2 Luang Prabang 19.893 102.134 Lao PDR 1985-2016 

3 Nong Khai 17.881 102.732 Thailand 1985-2016 

4 Nakhon Phanom 17.425 104.774 Thailand 1985-2016 

5 Mukdahan 16.583 104.733 Thailand 1985-2016 

6 Pakse 15.100 105.813 Lao PDR 1985-2016 

7 Stung Treng 13.533 105.950 Cambodia 1985-2016 

8 Kratie 12.481 106.018 Cambodia 2005-2016 

3.1.2 Methodology 

Recognizing there are two types of flood in the Mekong River Basin, and realizing the fact of 

lacking first-hand local information on the flash flood, we made a brief introduction of the two 

typies of flood, and a deep analysis of the mainstream riverine flood. For the mainstream 

riverine flood, 

(1) Flood peak, volume and duration 

The charateristics of peak, volume and duration of the mainstream flood is analyzed based on 

historical records and observed hydrological data. Pearson-III Frequency Curve Fitting model 

was applied to reveal the frequency character of flood peak. 

(2) Flood composition 

The flood composition analysis is mainly based on THREW model (a hydrological model 

developed by Tsinghu University, the introduction of the model is in Appendix 1), and a statistic 

of flood travel time by corresponsing discharge method. 

3.2 Setting up of the THREW model  

Please be noted that though aiming at setting up a hydrological model over the whole Mekong 

River basin, the delta region is still missed due to lack of reliable tophography data.  
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3.2.1 Forcing data 

(1) Precipitation 

To extend the timespan coverage of the model as long as possible, two kinds of precipitation 

data were collected: information from meteorological/rainfall stations and satellite-based 

rainfall products. Ground observation data come from Mekong River Commission, including 

daily rainfall information from 502 rainfall stations of which 32 are conventional 

meteorological stations offering daily meteorological elements such as barometric pressure, 

temperature, humidity, wind speed and direction, sunshine duration and solar radiation etc. The 

distribution of the rainfall stations and the meteorological stations are shown in Fig.3.2-1. The 

data covers the period of 1991-2005. Based on meteorological stations, Thiessen Polygons1 

was used to calculate rainfall at each representative unit basin in the distributed model. Satellite-

based rainfall product TRMM3B42_7.02 was used for the period 1998-2016. 

It is known from relevant researches that there are many south-north mountains in Mekong 

Basin on both banks as a result of that the windward slope on the left bank is a high rainfall and 

runoff area. While the leeward slope on the right bank (because of foehn effect) is a low-value 

area. In addition, within the basin, there are some mountains which are not giant also become 

high rainfall and runoff areas, for instance, Mount Douluo region in the lower Mekong basin, 

and some giant upheaval-like landforms, for instance, Highland Nakhon are low-value areas,. 

In the north of Chiang Saen, there are many high mountains and valleys, water vapor is hard to 

                                                 
1Thiessen Polygons is a method worked out by Holland climatologist Thiessen to calculate mean rainfall on the basis 

of rainfall of discretely distributed meteorological stations, i.e. connect all adjacent meteorological stations into 

triangles, draw perpendicular bisectors on each side of these triangles, and connect the crossover points (i.e. center 

of circumcircle) of three sides of every triangle to obtain a polygon. The rainfall intensity of the only meteorological 

station within the polygon is used to express the rainfall intensity within the polygon region and such polygon is 

called Thiessen Polygon. 
2Satellite TRMM, jointly developed and designed by NASA (National Aeronautics and Space Administration) and 

JAXA (Japan Aerospace Exploration Agency), is mainly used to monitor and study rainfall in tropical regions, 

actually covering a wide region ranging between 50°N and 50 °S on Earth. Satellite TRMM, a low earth orbit satellite 

at the dip angle about 35°, launched on November 28 1997 in Japan, is the first meteorological satellite specifically 

used to observe rainfall in tropics and subtropics, carrying sensors such as TMI, PR, VIRS, LIS and CERES. Of 

devices carried by satellite TRMM, PR is groundbreakingly designed and made by Japan's National Space 

Development Agency (NASDA) and can provide 3D structure of rainstorm, capable of increasing accurate 

estimation of rainfall. TRMM provides rainfall data ranging between 50°N and 50°S and multiple time intervals in 

the globe, supplementing rainfall information of no-information regions in the globe.  
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enter for the deep valley and larger height difference, and the foehn effect, so these areas 

become the low rainfall and runoff areas. The rainfall distribution obtained from the research 

also reflects aforementioned spatial distribution characteristics. 

 
Fig. 3.2-1 Distribution of meteorological stations and rainfall stations in Mekong basin.   
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（2）Potential Evapotranspiration 

On the basis of meteorological information about temperature, humidity and wind speed from 

32 meteorological stations, Penman-Monteith equation is used to calculate the potential 

evapotranspiration and then are used as the forcing data of the distributed hydrologic model 

THREW. The equation is: 
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      （3.2-1） 

Where, es is the saturated vapor pressure(kPa); ea is the actual vapor pressure(kPa); Δ is the 

gradient of the curve saturated vapor pressure versus temperature( kPa/℃); γ is the constant of 

hygrometer( kPa/℃); u2 is the wind speed(in m/s); Rn is the net radiation( MJ/(m2/d)); G is 

surface heat flux(MJ/(m2/d)). 

Similarly, Thiessen Polygons was used to calculate the potential evapotranspiration of each 

representative unit basin, the results are shown in Fig.3.2-21. It is observed from the figure that 

the potential evapotranspiration has obvious spatial variability, increasing gradually from north 

to south, and reaching more than 1200 mm/year in south basin. 

                                                 
1 Due to lacking of landform data in delta region, the model’s drive data and simulated results do not contain the 

delta region. 
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Fig. 3.2-2 Distribution of annual mean potential evapotranspiration in Mekong basin (based on 

observation data of rainfall stations in 1991-2005). 
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（3）Soil 

Based on the global earth database provided by FAO (http://www.fao.org/home/en/) of which 

the spatial resolution is 10 km, the soil thickness distribution in Mekong basin is shown in Fig. 

3.2-3. 

The data such as field water capacity, wilting coefficient, saturated moisture content, porosity, 

air entry value and pore-diameter distribution, were matched and averaged for per grid unit and 

representative unit basin, to as soil parameter of the model THREW. 

 

Fig. 3.2-3 Soil thickness distribution in Mekong basin (plotted based on FAO’s global earth 

database).  
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（4）Vegetation Information 

The model THREW needs two kinds of vegetation-related information: normalized differential 

vegetation index (NDVI)1 and leaf area index (LAI). NDVI and LAI data products of MODIS 

were used and NDVI data on Mekong basin was downloaded from the technical website of 

NASA (http://reverb.echo.nasa.gov/reverb), the NDVI data of Mekong basin in July 2000 is 

shown in Fig. 3.2-4, and it is seen from the figure that the whole Mekong basin has higher 

NDVI value while Chi-Mun basins in Thailand have lower NDVI value. 

 

Fig. 3.2-4 NDVI distribution in Mekong basin (July 2000). 

  

                                                 
1 The value range of NDVI is -1 <= NDVI <= , where the negative means the surface is covered with cloud, water 

and snow etc., high reflectance against visible light; 0 means there are rock or bare soil etc.; positive means it is 

covered with vegetation, increasing with increasing coverage. 

http://reverb.echo.nasa.gov/reverb
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3.2.2 Calibration and Validation 

Lacking of tributary observed hydrological data, the THREW model is calibrated based on 

mainstream hydrological data with an upper to lower order to make sure each section of the 

basin is fully calibrated. During model calibration, the Nash efficiency coefficient (NSE) of 

different combinations of parameters were optimized from 1991 to 2000, and the combination 

of parameters that made the best NSEs was picked as calibration result. The validation period 

is 2001 to 2005. 

Table 3.2-1 shows NSEs calculated at each stations in 1991-2005 and it is known that the 

simulation results are good as a whole. 7 hydrological gauges were calibrated and verified here, 

and each gauge was simulated for 15 years, and a total of 105 NSE results were obtained. 

Among them, 62 NSEs exceeded 0.8, 82 NSE results were more than 0.7, and most low NSEs 

are concentrated in years of small simulated runoff. For the validation period, 30 out of 35 

NSEs are larger than 0.5, which means the model performance is good or acceptable; 2 out of 

35 is approximating 0.5; and the left 3 is 0.2 and less,which is not acceptable, further discussion 

of these low NSEs is in section 3.2.3. 

Fig.3.2-5 is the comparison diagram between the observed runoff and simulated runoff at 

hydrologic stations in Mekong mainstream in 2000, where all NSEs are over 0.75 of which 

three stations’ NSE is over 0.9, getting a good simulation result in general.  
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Fig. 3.2-5 Simulated and observed runoff NSEs in 2000. 

Since it is in the period 1991-2005 that observed rainfall data at stations were collected, to 

further extend the simulation period, TRMM rainfall data is used to extend it to 2016. To verify 

the quality of TRMM rainfall data, the research calculates NSE of TRMM simulated discharge 

using the simulated station results as reference by comparing the discharge simulation results 

in the period 1998-2005 when the station rainfall data overlapped with TRMM rainfall data. As 

shown in Table 3.2-2 and Fig.3.2-6, in 1998 and 1999 when TRMM just began operating, the 

simulated results were not good, but with TRMM’s operating time increasing, the algorithm 

being optimized constantly, NSEs are around 0.9 after 2000, indicating that the result from 

model THREW simulation driven by TRMM rainfall data is good. Furthermore, considering 

that the contribution rate of tributaries and sections to main stream floods, instead of specific 

contribution discharge value, is used to analyze flood’s regional composition, therefore, it is 

believed that the results from simulation that applied TRMM rainfall data to extend the 
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simulation discharge to 2016 are credible. 

Table 3.2-1 Runoff simulation result with the model THREW on stations in Mekong main stream 

(evaluated with NSE). 

 

Chiang 

Saen 

Luang 

Prabang 
Nongkhai 

Nakhon 

Phanom 
Mukdahan Pakse 

Stung 

Treng 

1991 0.81 0.84 0.84 0.83 0.90 0.87 0.87  

1992 0.68 -0.15 0.50 0.63 0.83 0.82 0.87  

1993 0.56 0.88 0.87 0.78 0.79 0.75 0.76  

1994 0.71 0.62 0.79 0.91 0.94 0.88 0.91  

1995 0.79 0.84 0.90 0.92 0.91 0.80 0.86  

1996 0.67 0.84 0.86 0.89 0.86 0.73 0.83  

1997 0.92 0.89 0.90 0.94 0.96 0.90 0.92  

1998 0.91 0.88 0.85 0.91 0.81 0.52 0.46  

1999 0.93 0.74 0.76 0.80 0.76 0.48 0.72  

2000 0.78 0.93 0.91 0.82 0.89 0.92 0.89  

2001 0.57 0.86 0.89 0.71 0.84 0.92 0.88  

2002 0.69 0.84 0.7 0.46 0.63 0.78 0.79  

2003 0.00 0.89 0.81 0.20 0.65 0.79 0.73  

2004 0.69 0.89 0.88 0.52 0.71 0.79 0.81  

2005 0.82 0.92 0.90 -0.04 0.43 0.56 0.87  

 

Table 3.2-2 NSE of StungTreng discharge simulated with TRMM rainfall. 

Year 1998 1999 2000 2001 2002 2003 2004 2005 

NSE 0.53 0.46 0.89 0.87 0.97 0.88 0.94 0.96 
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Fig. 3.2-6 StungTreng discharge hydrographs obtained by using stations’ observation rainfall and 

simulated with TRMM rainfall product. 

3.2.3 Discussion 

(1) At the time of the calibrating, at Luang Prabang, if the NSE was high in 1991, the NSE in 

1992 was low, and vice versa. Considering that the NSE should be raised as much as possible 

in most years, the balance was taken and parameters of the 1991 NSE high was selected finally. 

The reason for the low NSE in 2003 at Chiang Saen and in 2005 at Nakhon Phanom may be 

due to the increasing human consumption water in the relatively dry years, but there is no 

definite evidence to prove it. 

(2) Since observed gauge rainfall data was of 1991-2005, to further extend the simulation period, 

TRMM rainfall data was used to extend to 2016. Though the runoff simulation results indicate 

that simulation driven by TRMM rainfall data is credible for the flood composition analysis, 

considering the spatial distribution of TRMM rainfall data is different with gauge data, we 

found that the ratio of rainfall on the right bank to the left bank of the Mekong is bigger than 

that of the gauged data. So the different rainfall resources might bring uncertainties, which is 

not further studied here, to the results. If gauged rainfall data of recent years could be collected 

and included in this study, the results would be more credible. 
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3.3 Flood types in the Mekong River Basin 

Although the Mekong flood is considered beneficial and not a hazard there can sometimes be 

too much water in the wrong place, causing loss of human lives and damage. But it is important 

to distinguish between the types of floods causing the hazards and understand the mechanism 

behind them, to be able to prepare for them and mitigate the impacts. An obvious example is 

when extreme water levels in the mainstream Mekong cause overflow of river banks and 

inundation of areas along the river. Such floods have been preceded by a rising water level 

during a period of days, and have thus given an alarm in advance. Given reliable weather and 

rainfall forecasts this type of flood can be predicted with a high degree of confidence to make 

appropriate preparations to combat it. This type of flood recedes in a few days, but can become 

quite prolonged in the flood plains of Cambodia and Viet Nam. On the other extreme, flash 

floods in the tributaries are caused by intense rainfall during a short period of time, causing 

high rise of water levels within a few hours. They occur in steep streams or small tributaries 

and the high speed of the water flow causes erosion, land and mud slides and other damage, 

sometimes with human casualties. They are not necessarily preceded by constant rainfall during 

a long time, but can occur at any time during the rainy season, and they will recede rapidly. 

These floods are much harder to predict, as the extreme, intense rainfall may be concentrated 

to a small area in the watershed. It is often the case, though, that local damage of floods often 

happens in connection with storms sweeping in over the Mekong Basin, bringing rainfall that 

in some cases last several days. Soil conditions first become saturated and then an intense but 

not necessarily an extreme rainfall event can rapidly trigger a flood in small watersheds, as the 

soil cannot absorb any more of the rainfall. The prediction of such floods calls for skills and 

systems especially designed for this. 

Flash floods are potentially dangerous not only because water levels rise quickly, but also 

because water flow velocities are high. The force of the water can cause erosion, mudslides, 

uproot trees and tear away boulders, and the flow of debris can sweep away houses and destroy 

bridges. The collection of debris in the river bed should be cleared away as soon as possible to 
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ensure that it does not block the water flow should there arrive a new flood event. Therefore it 

is important that disaster management agencies identify locations where flash floods and 

damages have occurred, to provide immediate relief and aid. As flash floods are local in 

character this information has in most cases to come from local authorities or village people 

themselves. Recovery works, such as repairing damaged roads, bridges and other infrastructure, 

usually needs broader support from national agencies. 

As river valleys often are the most productive parts of the land it is natural that there is pressure 

to establish settlements in these areas, despite the risk of floods. Risk management, such as land 

use planning is the key to lessen the exposure to risks, and at least public structures, such as 

schools, hospitals and the like should be built in areas safe from floods.1 

Since the flash floods only occur in the local watershed, the small area of the basin increases 

the difficulty of the simulation. In addition, the data on the flash floods at hand is limited, so it 

is difficult to carry out detailed analysis. Therefore, this chapter mainly analyzes the 

characteristics and composition of the mainstream floods. 

3.4 Peak, Volume and Duration 

3.4.1 Flood Peak 

Based on the available discharge data of hydrological stations along Mekong mainstream, the 

annual maximum flood peak along the Mekong mainstream is illustrated in Fig. 3.4-1 and 

Tablel 3.4-1. It could be seen, for the upper reach (Chiang Saen, Luang Prabang and Nong 

Khai), the maximum flood peak occurred in 2002 and 2008; for the middle reach, the maximum 

flood peak happened in1991, 1996, 1997, 2000, 2001 and 2011. (Daily discharge data of Kratie 

is only available for 2005-2016, which timespan is too short for frequency ananlysis, so flood 

character at Kratie is not further analyzed in this section.) 

Pearson-III Frequency Curve Fitting model is applied to reveal the frequency charater of flood 

                                                 
1 Mekong River Commission, Annual Mekong Flood Report 2014. 



 

122 

 

peaks along Mekong mainstream. The results at main hydrological stations are plotted in Fig. 

3.4-2 to Fig. 3.4-8. 

 

Fig. 3.4-1 Annual maximum flood peak along Mekong mainstream. 

Table 3.4-1 Annual Maximum Flood Peak along Mekong Mainstream.   Unit: m3/s 

Year 

Chiang 

Saen 

Luang 

Prabang 

Nong 

Khai 

Nakhon 

Phanom Mukdahan Pakse 

Stung 

Treng 

1985 11700 18200 17200 22700 25900 34000 42878 

1986 11000 12600 13300 18400 20800 28300 42196 

1987 7120 8760 10900 24000 28200 37900 49020 

1988 6620 11900 12100 20900 24500 28800 30532 

1989 7590 9450 11100 15100 18500 28700 37950 

1990 11000 15600 16100 23900 28300 34100 49752 

1991 13300 18900 17000 24500 29800 47600 63560 

1992 5370 5680 7760 13100 16100 24600 40464 

1993 10100 11000 15100 22900 26000 27900 38356 

1994 6419 13125 16275 29645 29188 34699 55534 

1995 12200 19369 17753 34200 34016 37827 55341 

1996 12500 18732 20500 29400 32400 40342 69803 
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Year 

Chiang 

Saen 

Luang 

Prabang 

Nong 

Khai 

Nakhon 

Phanom Mukdahan Pakse 

Stung 

Treng 

1997 7720 18754 18300 31200 31400 41847 66119 

1998 9810 14119 15900 23500 21700 26797 31763 

1999 9560 18135 17400 24000 25700 30467 52222 

2000 10700 16740 18800 33000 35700 45149 62540 

2001 10700 16644 17500 34200 36800 42319 67552 

2002 12700 20943 22800 32100 32900 39343 63049 

2003 6880 8960 13200 30300 25800 34159 50908 

2004 8910 12896 15100 29700 31900 38510 50826 

2005 9580 14145 14900 34500 35700 39560 46751 

2006 12724 13050 14051 24857 26837 31760 42923 

2007 9462 11846 13480 24365 26109 32567 40655 

2008 14395 21841 19595 32683 36005 34099 41171 

2009 7658 10735 12245 22880 25615 29042 45421 

2010 6590 9326 14471 25425 28082 32111 35846 

2011 6493 11043 15769 31065 37236 41422 50188 

2012 8941 12842 15309 23600 24939 27175 35287 

2013 7115 10459 13892 25282 26952 37892 53480 

2014 5412 9905 12846 23877 26914 36119 51964 

2015 7936 12346 14775 26506 28674 28747 31743 

2016 5427 13627 15643 23359 24086 29375 39119 
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Fig. 3.4-2 Pearson-III Frequency Curve of flood peak at Chiang Saen. 

 

Fig. 3.4-3 Pearson-III Frequency Curve of flood peak at Luang Prabang. 
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Fig. 3.4-4 Pearson-III Frequency Curve of flood peak at Nong Khai. 

 

Fig. 3.4-5 Pearson-III Frequency Curve of flood peak at Nakhon Phanom. 
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Fig. 3.4-6 Pearson-III Frequency Curve of flood peak at Mukdahan. 

 

Fig. 3.4-7 Pearson-III Frequency Curve of flood peak at Pakse. 
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Fig. 3.4-8 Pearson-III Frequency Curve of flood peak at Stung Treng. 

 

3.4.2 Flood volume and duration 

Caused by rainfall associated with the Southwest Monsoon, floods in Mekong shows a 

remarkable regularity, the flood season normally starting in June and ending in early November. 

But of course this seasonal pattern may be stronger or weaker, starting and ending earlier or 

later and carry different water volumes, making the individual floods having their own features. 

The onset of the flood season can be defined as the date when the rising discharge of the river 

exceeds the long-term average annual discharge. The end of the flood season is defined in a 

similar way as the date when the falling discharge crosses the long-term average discharge. 

Based on daily discharge data at mainstream stations from 1985 to 2016, the flood season 

duration and corresponding volume is calculated (Table 3.4-2 and Table 3.4-3). Box plots of 

the flood volume and flood duration at mainstream stations are shown in Fig. 3.4-9 and Fig. 

3.4-10. The flood volume shows an increasing trend from upstream to downstream, with 54 

km3 at Chiang Saen and 306 km3 at Stung Treng. The flood duration varies among years and 

from stations, with an average ranging from 128 days to 135 days. 
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Table 3.4-2 Annual Flood Volume along Mekong Mainstream.   Unit: km3 

Year 

Chiang 

Saen 

Luang 

Prabang 

Nong 

Khai 

Nakhon 

Phanom Mukdahan Pakse 

Stung 

Treng 

1985 77 108 123 151 181 248 327 

1986 47 66 83 124 158 211 294 

1987 51 59 64 91 120 169 234 

1988 45 67 74 98 120 147 187 

1989 50 69 81 122 152 197 254 

1990 67 95 103 169 207 264 403 

1991 74 107 110 142 180 257 351 

1992 27 30 43 69 92 141 221 

1993 56 70 92 131 145 178 239 

1994 50 88 114 237 235 281 386 

1995 76 97 113 213 205 244 319 

1996 64 96 112 191 179 250 366 

1997 49 85 95 195 195 250 340 

1998 56 76 81 127 119 139 166 

1999 61 99 114 206 207 266 371 

2000 77 104 129 270 234 340 483 

2001 84 124 145 292 277 329 455 

2002 59 97 128 257 258 325 433 

2003 41 52 67 153 141 174 271 

2004 56 83 102 219 201 233 336 

2005 47 70 82 251 230 269 321 

2006 59 70 98 177 191 232 305 

2007 61 73 88 174 189 228 282 

2008 83 119 144 270 286 315 341 

2009 44 59 75 160 168 216 284 

2010 44 58 85 158 169 200 204 

2011 46 81 118 252 275 337 406 

2012 39 61 74 153 163 186 230 

2013 44 73 92 178 190 251 304 

2014 34 55 72 156 170 213 276 

2015 27 46 60 136 144 160 179 

2016 23 51 70 142 147 185 226 

Average 54 78 95 177 185 232 306 
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Table 3.4-3 Annual Flood Duration along Mekong Mainstream.   Unit: day 

Year 

Chiang 

Saen 

Luang 

Prabang 

Nong 

Khai 

Nakhon 

Phanom Mukdahan Pakse 

Stung 

Treng 

1985 176 173 167 122 132 139 136 

1986 122 119 127 117 135 140 136 

1987 134 113 93 81 98 111 112 

1988 125 122 116 89 98 102 106 

1989 137 133 127 120 130 127 113 

1990 170 165 157 146 152 155 165 

1991 155 154 147 113 129 138 131 

1992 98 81 93 81 92 97 110 

1993 135 130 128 106 107 107 108 

1994 138 139 140 143 142 140 138 

1995 173 128 122 127 125 127 127 

1996 141 136 121 125 104 129 132 

1997 124 123 118 120 118 118 118 

1998 118 105 99 97 94 95 97 

1999 147 145 153 171 164 173 174 

2000 162 150 159 173 148 168 170 

2001 182 182 182 177 170 167 166 

2002 132 127 136 148 141 152 149 

2003 117 106 108 114 113 107 119 

2004 132 127 139 149 130 117 130 

2005 134 124 112 153 128 123 122 

2006 154 118 133 124 125 127 127 

2007 134 118 116 133 134 133 132 

2008 174 168 168 171 170 174 165 

2009 116 109 111 123 123 133 126 

2010 126 110 113 110 111 114 104 

2011 128 139 138 138 137 152 152 

2012 106 106 103 129 128 126 119 

2013 142 144 139 138 138 149 132 

2014 114 108 105 118 122 122 119 

2015 80 86 91 100 100 100 98 

2016 78 134 136 142 143 159 157 

Average

e 

135 129 128 128 128 132 131 
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Fig. 3.4-9 Box plot of annual flood volume at Mekong mainstream stations (1985-2016). 

 

Fig. 3.4-10 Box plot of annual flood duration at Mekong mainstream stations (1985-2016). 
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3.5 Composition of mainstream flood 

3.5.1 Flood travel time 

By observing initially typical floods in recent years, i.e. the day-by-day runoff data in 2000 and 

2011, it is found that in 2000 a better corresponding relation exists for day-by-day runoff of all 

stations while in 2011 all stations’ discharge hydrographs and trends differ to some degree, 

suffering bigger impact of local tributary inflow, therefore calculation of flood travel time based 

on 2000’s flood is mainly on the basis of measured data of 8 hydrologic stations along the 

Mekong main stream, as shown in Fig.3.1-1 and Table 3.1-1. Using the typical floods in 2000 

as subject, 8 hydrologic stations in Mekong main stream (from upstream to downstream they 

are Chiang Saen, Luang Prabang, Nong Khai, Nakhon Phanom, Mukdahan, Pakse, Stung Treng 

and Kratie) are selected to calculate flood’s travel time (the water-level data are used in 

calculation at the most downstream station Kratie). The full-year discharge (water level) 

hydrographs of 8 hydrologic stations are shown in Fig.3.5-1. It is understood from the figure 

that the shapes and trends of the discharge (water level) hydrographs of 8 stations are pretty 

similar, but that of 3 upstream stations is different from that of 5 downstream ones to some 

degree, mainly in a heavier flood process that happened in the middle and last ten days of July 

during which there are two peaks in 3 upstream stations and the 2nd peak is bigger while there 

is a single peak in 4 downstream stations and water rises fast but subsides slowly. 
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Fig.3.5-1 Discharge (water level) hydrographs of hydrologic stations in Mekong main stream 

in 2000. 

Based on the full-year discharge hydrographs shown in Fig.3.5-1, three levels of flood 

processes are selected: large, medium and small, and the maximal daily discharge of each 

process is used as the peak discharge of the flood process to determine corresponding discharge 

and estimate the flood’s travel time. Taking Stung Treng station as example, three flood 

processes occurred in the last ten days of May, the middle/last ten days of June and the first ten 

days of September, and the flood process that occurred in the last ten days of July is not selected 

as corresponding discharge because there are obvious difference in discharge between different 

stations and its discharge level is pretty close to that of flood process #3. Table 3.5-1 displays 

the peak discharges of three flood processes of all hydrologic stations and the correlational 

relation in corresponding discharge between adjacent stations, and their correlational relations 

are shown in Fig.3.5-2. 
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Table 3.5-1 Peak discharge of hydrologic stations in Mekong main stream and the correlational 

relation in corresponding discharge between adjacent stations in 2000. 

Station 

Flood 

peak 1 

(m3/s) 

Flood 

peak 2 

(m3/s) 

Flood 

peak 3 

(m3/s) 

Correlational relation R2 

Chiang 

Saen 
4350 5860 10700   

Luang 

Prabang 
5443 8090 17714 

Qdown = 1.95 ∗ Qup

− 3149 
0.9995 

Nongkhai 
6620 9400 18800 

Qdown = 0.99 ∗ Qup
+ 1313 

0.9998 

Nakhon 

Phanom 
11500 19400 33000 

Qdown = 1.68 ∗ Qup

+ 1753 
0.9770 

Mukdahan 
10100 17800 35700 

Qdown = 1.20 ∗ Qup

− 4454 
0.9945 

Pakse 
13415 23550 45149 

Qdown = 1.23 ∗ Qup

+ 1215 
0.9996 

StungTreng 18201 32356 62540 
Qdown = 1.40 ∗ Qup

− 546 
1.0000 

 

Fig. 3.5-2 Peak discharge of hydrologic stations in Mekong main stream and the correlational 

relation in corresponding discharge between adjacent stations in 2000. 

It is understood from Table 3.5-1 that there are good corresponding relation in 3 flood-peak 

discharges between stations which can be used as corresponding discharge to estimate the 
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flood’s travel time. Furthermore, there is also good correlational relation between the highest 

water level at Kratie and the flood-peak discharge at Stung Treng (Zdown = 0.0002 ∗ Qup +

10.64, 𝑅2 = 0.9697) and therefore the water level is considered to be corresponding to the 

flood-peak discharges of upstream stations and can be used to estimate the travel time of the 

section Stung Treng - Kratie. 

On the basis of the flood processes and the flood-peak discharged determined with 

aforementioned methods, the flood’s travel time between two stations can be determined by 

comparing the time difference of corresponding discharges between two stations. Table 3.5-2 

and Fig.3.5-3 show the time spent by flood peaks of each discharge level traveling to hydrologic 

stations along the river. Because the obtained discharge data sequences are on daily scale, the 

temporal resolution in analysis of flood’s travel time can be day only. 

Table 3.5-3 Flood’s travel time in Mekong main stream in 2000 (start point: Chiang Saen station). 

Station 

River length to 

Chiang Saen 

station 

(km) 

Flood peak 1 

Travel time 

(day) 

Flood peak 2 

Travel time 

(day) 

Flood peak 3 

Travel time 

(day) 

Luang Prabang 
354 2 3 0 

Nongkhai 
815 4 5 3 

Nakhon 

Phanom 
1143 6 10 8 

Mukdahan 
1236 6 10 9 

Pakse 
1498 3* 12 8* 

StungTreng 1681 3* 9* 10 

Kratie 1804 5 10 11 

* the flood peak at the downstream hydrologic station occurs earlier than its upstream counterpart 

It is known from Table 3.5-3 that floods at three levels of flood-peak discharges take 5, 10 and 

11 days respectively to travel from Chiang Saen station to Kratie station. But the calculated 

results indicate that peaks at some downstream station occurred earlier than their upstream 

counterpart, possibly because inflow of local tributaries, which will lead to error in calculation 

of flood’s travel time. 
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Fig.3.5-3 Relation of flood’s travel time versus travel distance. 

It is known from Fig.3.5-3 that in the first 4 sections ( from Chiang Saen to Mukdahan) there 

are good correlational relations between the flood’s travel time and travel distance, so it is 

believed that the changes of downstream discharge are mainly caused by water from upstream 

within the sections, affected smaller by inflow of tributary. However, the travel time of flood 

peak #1  is far smaller than that of flood peak #2 and #3 in the section Nong Khai - Nakhon 

Phanom, possibly because of being affected by local tributary, resulting in error in the relation 

of travel time versus travel distance. Therefore flood peak #1 is used to verify corresponding 

discharges for flood peak #2 and #3 (Table 3.5-1 and Fig.3.5-2) only and not to further estimate 

the travel time. On the basis of the correlational relations between the travel time and the travel 

distance of flood peak #2 and #3 at river sections above Mukdahan, the time spent by flood to 

travel to the most downstream station Kratie and the travel speed of the flood wave are 

estimated, with their results shown in Table 3.5-4. 

Table 3.5-4 Correlational relation of flood’s travel time versus travel distance. 

Flood 

process 

Time - distance 

relation 

Number of days spent to 

arrive at Kratie 

Ravel speed of 

flood wave (m/s) 

Flood peak 2 
T=0.0086L-

0.6136(𝑹𝟐 = 𝟎. 𝟗𝟖𝟖𝟏) 
14.9 1.40 

Flood peak 3 
T=0.0104L-

4.2551(𝑹𝟐 = 𝟎. 𝟗𝟔𝟎𝟗) 
14.5 1.44 
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It is known from Table 3.5-4 that by using the upstream sections with good correlational relation 

of travel time versus distance in estimation, the time spent by flood peak #2 and #3 to travel 

from Chiang Saen to Kratie is 14.9 and 14.5 days respectively and the travel speed of flood 

wave is 1.40 m/s and 1.44 m/s respectively. According to the report Joint Assessment of Results 

of China’s Emergency Water Make-up to Mekong released by Mekong Commission, during 

the emergency water make-up of China to Mekong, it takes 17 days for the making-up water 

(flow rate of net make-up water is about 1000 m3/s) to travel from Chiang Saen to Kratie, close 

to the result in this report. According to the result, the bigger the flow rate is, the faster the flood 

travels, which is consistent with the regularity of flood travel. 

3.5.2 Flood composition 

Distributed hydrological model (THREW) was applied to simulate the discharge processes of 

various cross-sections and tributaries, and based on continuous simulation of long sequence, 

the annual maxima method and the super-quantitative method are combined to select a series 

floods to analyze regularities on flood’s regional composition. 

While selecting floods, we mainly focus on floods happened at the flatter downstream section 

(modelled hydrograph at Stung Treng was used), and those that would possiblly cause huge 

damages. It is also needed to determine whether flood happens and the start/end time of floods. 

Due to limited data, based on descriptions on flood disaster, with water level information 

considered, corresponding flood time periods and discharges are found out to select the heaviest 

floods in the period 1991-2016. 
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Fig. 3.5-4 Water level and discharge hydrograph at station Stung Treng in 2000. 

The warning water level at Stung Treng is 10.7m1 (red line in Fig.3.5-4), and the corresponding 

discharge is determined as 40,000 m3/s (both flood peaks correspond to different discharges, 

use the lower one 40,000 m3/s), and based on this, floods are selected: if the flood peak is more 

than 40,000 m3/s, it is considered a flood happened. Mekong Commission’s report 20 Years of 

Cooperation stated “in 2000, the largest flood happened in Mekong downstream 20 km distance 

from Phnom Penh in a few decades, which inundated villages around it and lasted 3 months.” 

The range indicated with blue arrow in Fig.3.5-4 is 98 days, consistent with 3 months described, 

and therefore 30,000 m3/s is selected as threshold of the flood. 

 

 

 

                                                 
1 obtained from MRC report Seasonal Flood Situation Report for the Lower Mekong River Basin - Covering period 

from 1st June to 13rd November 2011 
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Table 3.5-5 Typical flood information in 1991-2016. 

No. Year  Start date End date Duration  

(day) 

Total flood 

volume 

(km3) 

Average 

discharge 

(m3/s) 

Remarks   

1 1991 July 25 Octuber 16 84 266 36680 
 

2 1992 August 8 September 9 33 95 33342 The flood peak smaller 

than 40,000 m3/s 

3 1993 July 5 September 27 85 234 31914 The flood peak smaller 

than 40,000 m3/s 

4 1994 July 9 Octuber 9 93 312 38873 
 

5 1995 July 19 Octuber 2 76 278 42328 
 

6 1996 July 24 Octuber 19 88 329 43228 
 

7 1997 July 16 Octuber 11 88 306 40236 
 

8 1998 August 13 September 13 32 89 32192 
 

9 1999 July 26 Octuber 11 78 274 40653 
 

10 2000 July 2 September 25 86 282 37896 
 

11 2001 August 4 Octuber 1 59 209 40984 
 

12 2002 July 9 September 29 83 243 33831 
 

13 2003 August 26 September 22 28 71 29287 The flood peak smaller 

than 40,000 m3/s 

14 2004 August 8 September 26 50 138 31881 
 

15 2005 July 28 September 24 59 168 32888 
 

16 2006 August 10 September 27 49 139  32882   

17 2007 July 19 Octuber 19 93 269  33445  The flood peak smaller 

than 40,000 m3/s 

18 2008 August 7 Octuber 20 75 199  30775   

19 2009 July 26 September 24 61 161  30507  The flood peak smaller 

than 40,000 m3/s 

20 2010 August 31 September 7 8 21  30461  The flood peak smaller 

than 40,000 m3/s 

21 2011 August 2 Octuber 11 71 226  36884   

22 2012 August 26 September 18 24 65  31424  The flood peak smaller 

than 40,000 m3/s 

23 2013 July 28 Octuber 7 72 206  33089   

24 2014 July 24 August 17 25 87  40307   

25 2015 July 29 September 10 44 107  28124  The flood peak smaller 

than 40,000 m3/s 

26 2016 August 21 Octuber 3 44 116  30459   
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Fig.3.5-5 Discharge hydrographs at Stung Treng station in 1991-2016 (results from simulation 

with the model THREW). 

Based on the discharge hydrographs at Stung Treng station in 1991-2016 and aforementioned 

standards, a flood is recognized every year and its start/end date is determined, of which the 

flood peaks in 1992, 1993, 2003, 2007, 2009, 2010, 2012 and 2015 were smaller than 40,000 

m3/s but their flood start/end dates are determined by using the same standard as the heaviest 

flood of the year, thus there is a flood every year from 1991 to 2016, 26 floods in total. 

The flood travel speed fitting formula provided in the section 3.5.1 is used to reckon the flood 

evolution time (see Table 3.5-6), and the model simulation discharge process is combined to 
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calculate the contribution rate of tributary basin and local basins of hydrologic stations to Stung 

Treng flood volume. Fig.3.5-6 to Fig. 3.5-9 respectively display the contribution rates of 

tributaries and station-related sections to Stung Treng flood volume in 26 floods, and detailed 

information are present in Table 3.5-7 and Table 3.5-8. It is evident that, of tributaries, Mun 

River, Se Done River and Tonle Sap River’s flood contribution rates are maximal, and of 

sectional basins, Nong Khai - Nakhon Phanom, Pakse-Stung Treng, Nakhon Phanom-Pakse 

and Chiang Saen-Luang Prabang’s contribution rates are maximal. Considering Fig.3.5-10, it 

is known that the high runoff-generation contribution rate of Mun River and Tonle Sap River 

is due to large basin area and the high flood contribution rate of a few tributaries like Segong 

River is due to large rainfall intensity within their basins. 

For all rivers, the discharge reaches maximum in summer in general except Sre Pok River and 

Tonle Sap River in the downstream of Mekong of which the discharge in autumn is more than 

in summer because monsoon retreats from north to south gradually. For tributaries near the 

upstream, water volume mostly reaches the maximum in August, for those near the downstream, 

water volume mostly reaches the maximum in September, while water volume of Tonle Sap 

River reaches maximum in October, so there are 3 months’ peak staggering from the upstream 

to the downstream.
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Table 3.5-6 Flood evolution time of main-stream stations and tributaries. 

(The hydrologic stations start at Jinghong, the tributaries start at Ziqu) 

Station 

Corresponding 

time 

(day) 

Tributary  

Correspond-

ing time 

(day) 

Tributary 

Correspond-

ing time 

(day) 

Jinghong 0 Ziqu River 0 
Se Bang 

Hieng River 
17 

Chiang 

Saen 
2 Angqu River 0 Mun River 17 

Luang 

Prabang 
4 Yangbi River 4 

Se Done 

River 
17 

Nongkhai 8 Nanlei River 7 Sekong River 19 

Nakhon 

Phanom 
11 

Nam Ou 

River 
11 Se San River 19 

Pakse 14 
Nam Ngum 

River 
13 Sre Pok River 19 

Stung 

Treng 
15 

Nam Theun 

River 
14   

Kratie 16 
Songkhram 

River 
15   

 

Fig.3.5-6 Contribution rate of main tributaries in Mekong to Stung Treng flood volume. 

(The results from simulation with the model THREW driven by the observed rainfall data at 

rainfall station from 1991 to 2005) 
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Fig.3.5-7 Contribution rate of main tributaries in Mekong to Stung Treng flood volume. 

(the results from simulation with the model THREW driven by TRMM rainfall products) 

 

Fig.3.5-8 Contribution rate of sectional basins of Mekong to Stung Treng flood volume. 

(the results from simulation with the model THREW driven by observed rainfall data at rainfall 

station) 
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Fig.3.5-9 Contribution rate of setional basins of Mekong to Stung Treng flood volume. 

(the results from simulation with the model THREW driven by TRMM rainfall products) 

 

 

Fig.3.5-10 Drainage area of main tributaries. 
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Table 3.5-7 Contribution rate of main tributaries in Mekong to Stung Treng flood volume. 

(the results from simulation with the model THREW from 1991 to 2016) 

Flood 
North of 

Jinghong 

Nanlei 

River 
Nam Ou  

Nam 

Ngum  

Nam 

Theun  

Songk

hram 

River 

Se Bang 

Hieng  

Mun 

River 
Se Done Sekong 

Se 

San 
Srepok 

1 5.4 2.5 3.9 6.2 5.3 2.2 4.8 15.1 2.2 9.2 4.0 4.6 

2 6.2 1.0 3.5 6.9 4.0 3.3 6.1 16.6 2.6 17.2 7.8 4.7 

3 5.2 1.4 4.9 8.3 8.2 2.7 3.2 10.6 1.3 10.7 5.9 3.6 

4 7.2 1.7 4.7 6.0 6.7 3.4 3.8 9.7 2.3 11.0 5.2 4.1 

5 6.1 1.9 4.9 7.3 5.0 3.0 3.7 13.1 1.5 9.9 5.0 2.9 

6 3.4 1.6 4.3 7.5 6.2 2.8 4.9 13.7 1.7 10.3 5.9 4.5 

7 6.9 1.7 3.8 5.4 5.3 3.1 4.3 14.2 1.7 9.3 5.4 5.9 

8 8.7 3.4 4.9 8.3 3.4 1.5 2.5 14.8 0.7 7.2 3.0 3.8 

9 5.9 2.1 4.3 4.5 2.9 3.0 4.8 12.3 1.8 11.1 5.5 3.9 

10 5.1 2.2 5.0 8.8 5.2 2.1 5.3 13.1 2.1 11.3 6.0 4.0 

11 4.1 1.9 4.9 6.9 5.3 2.5 6.8 11.8 1.9 7.8 3.9 5.1 

12 6.9 1.7 6.1 5.6 5.8 2.6 4.7 10.5 1.8 10.4 6.0 4.1 

13 6.8 1.8 7.0 6.0 4.1 2.8 4.2 14.3 2.5 8.5 4.5 4.4 

14 4.4 2.0 4.2 8.3 6.4 2.4 4.6 10.2 2.0 11.0 6.1 4.1 

15 5.4 3.5 4.4 4.7 6.0 2.1 4.6 7.9 1.3 14.6 7.7 6.3 

16 5.7 3.1 3.9 4.3 6.1 4.5 6.1 21.8 2.2 6.0 3.4 4.9 
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Flood 
North of 

Jinghong 

Nanlei 

River 
Nam Ou  

Nam 

Ngum  

Nam 

Theun  

Songk

hram 

River 

Se Bang 

Hieng  

Mun 

River 
Se Done Sekong 

Se 

San 
Srepok 

17 5.1 3.0 4.2 4.5 5.8 3.5 4.6 23.6 2.3 7.6 4.7 6.7 

18 7.0 3.2 3.6 4.5 5.5 3.6 5.4 25.2 1.8 5.9 3.9 5.6 

19 5.6 3.4 5.4 5.8 6.4 4.1 5.2 14.3 1.2 5.0 3.1 3.6 

20 3.6 2.4 2.6 4.5 5.9 3.8 6.3 24.4 1.4 3.4 2.0 3.7 

21 4.5 2.3 4.1 5.5 6.5 4.0 5.7 22.9 1.3 5.6 3.0 4.5 

22 4.3 3.3 5.3 5.3 5.2 3.4 4.8 19.4 0.9 6.0 3.3 4.8 

23 6.2 3.5 5.5 5.4 5.2 3.0 3.8 19.5 1.1 5.9 3.2 4.3 

24 5.1 2.4 2.6 5.0 6.5 3.5 3.6 27.0 2.2 8.5 4.3 5.6 

25 6.6 4.1 6.0 6.4 8.8 3.9 3.9 11.5 0.6 3.0 2.2 2.6 

26 6.6 3.6 5.9 5.2 5.8 3.9 4.8 16.8 0.7 6.1 3.9 4.2 

Mean 5.7 2.5 4.6 6.0 5.7 3.1 4.7 15.9 1.7 8.6 4.6 4.5 

Min 3.4 1.0 2.6 4.3 2.9 1.5 2.5 7.9 0.6 3.0 2.0 2.6 

Max 8.7 4.1 7.0 8.8 8.8 4.5 6.8 27.0 2.6 17.2 7.8 6.7 
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Table 3.5-8 Contribution rate of sectional basins of Mekong to Stung Treng flood volume. 

(the results from simulation with the model THREW from 1991 to 2016) 

Flood  
North of 

Jinghong  

Jinghong- 

Chiang Saen 

Chiang Saen - 

Luang Prabang 

Luang Prabang - 

Nongkhai 

Nongkhai - Nakhon 

Phanom 

Nakhon Phanom - 

Pakse 

Pakse - 

StungTreng 

1 4.8 8.7 14.4 3.3 21.5 27.7 19.7 

2 5.4 8.2 12.5 4.1 24.2 21.7 24 

3 4.8 7.7 17.9 5.0 41.4 -2.6* 25.9 

4 6.7 17.7 21.5 7.3 29.4 -1.0* 18.3 

5 5.5 8.8 12.6 2.2 18.8 20.7 31.5 

6 3.1 7.5 14.6 3.6 29.4 10.2 31.6 

7 6.2 8.3 14.2 3.0 21.3 23.2 23.9 

8 7.6 11.9 16.2 4.8 29.4 6.9 23.3 

9 5.5 11.0 17.4 4.0 30.6 7.2 24.2 

10 4.7 9.1 20.2 4.8 32.8 3.4 25 

11 3.9 9.5 17.4 5.7 28.8 9.3 25.3 

12 6.6 11.7 18.2 5.4 24.4 7.5 26.2 

13 6.5 6.0 14.6 3.3 20.6 27.2 21.8 

14 4.1 10.3 22.0 7.4 32.8 1.2 22.2 

15 5.1 7.6 17.3 5.4 31.6 9.4 23.7 

16 5.0 7.7 10.7 2.8 20.3 35.2 18.4 

17 4.2 7.5 12.6 3.4 18.0 31.5 22.8 
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Flood  
North of 

Jinghong  

Jinghong- 

Chiang Saen 

Chiang Saen - 

Luang Prabang 

Luang Prabang - 

Nongkhai 

Nongkhai - Nakhon 

Phanom 

Nakhon Phanom - 

Pakse 

Pakse - 

StungTreng 

18 6.0 7.8 11.0 3.2 18.1 34.6 19.3 

19 5.1 9.3 17.0 5.9 22.3 25.7 14.7 

20 3.4 7.6 10.4 4.4 24.8 38.4 10.9 

21 4.0 6.1 11.8 4.9 22.1 34.3 16.8 

22 3.8 8.2 15.9 5.9 18.7 28.8 18.6 

23 5.7 9.1 15.8 6.4 19.2 27.0 16.8 

24 4.4 6.1 7.2 4.5 22.0 34.5 21.3 

25 6.2 10.3 16.5 7.1 29.2 21.0 9.8 

26 5.8 9.3 16.7 5.0 19.3 25.3 18.6 

Mean 5.2 9.0 15.3 4.7 25.0 19.6 21.3 

Min 3.1 6.0 7.2 2.2 18.0 -2.6* 9.8 

Max 7.6 17.7 22.0 7.4 41.4 38.4 31.6 

* The contribution rate of section is negative. The fitting formula in 3.3 is used to calculate the contribution rate, and the flood evolution time is considered, which may 

result in the discharge at the downstream smaller than that at the upstream
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3.6 Conclusion 

(1) There are two main types of flood in the Mekong River Basin. For the riverine flood, it 

could be predicted and effectively prevented from thereby damages with proper measures. For 

the flash flood, it is usually local and hard to predict. It is important for the local agencies to 

develop monitoring and early warning system, as well as carry out immediate relief and aid. 

(2) Based on yearly flood peak analysis of 1985 to 2016, it shows that the maximum flood peak 

happened in 2002 and 2008 at the upper reach of Mekong River Basin (Chiang Saen, Luang 

Prabang and Nong Khai), with an extreme peak of around 20000 cumec; while that of the 

middle reach occurred in 1991, 1996, 1997, 2000, 2001 and 2011, with an extreme peak of 

70000 cumec at Stung Treng. Flood peak frequency at mainstream stations along Mekonog are 

also achieved by Pearson-III Frequency Curve Fitting. 

(3) By defining the onset and withdrawl date of flood season, the annual flood volume and 

duration at mainstream stations along Mekong River was calculated and analyzed. The flood 

volume shows an increasing trend from upper to lower reaches, with 54 km3 at Chiang Saen 

and 306 km3 at Stung Treng. The flood duration varies among years and stations, with average 

ranging from 128 days to 135 days. 

(4) On the basis of daily runoff data of hydrologic stations in Mekong mainstream in 2000, it 

takes 14.9 and 14.5 days for flood peaks at two discharge levels of 5,860 m3/s and 10,700m3/s 

to travel from Chiang Saen station to Kratie station, close to the travel time for China’s 

emergency water supplement to Mekong in 2016. 

(5) Taking the flood volume of damaging floods at Stung Treng station as subject, the model 

THREW is used to analyze flood’s regional composition in main stream and the results indicate: 

of main tributaries, Mun River, Sekong River and Nam Ngum’s contribution rates to Stung 

Treng total flood volume are highest, 15.9%, 8.6% and 6.0% respectively; of sectional basins, 

Nong Khai-Nakhon Phanom, Pakse-Stung Treng, Nakhon Phanom-Pakse’s contribution rate 

are highest, 25.0%, 21.3% and 19.6% respectively. 
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4. Analysis of Drought Character in the Mekong 

River Basin 

4.1 Data and Methodology 

4.1.1 Data 

（1）Historical long-sequence rainfall data of the Mekong River Basin in the recent 100 years 

(1901-2016) was collected and compiled on the basis of the CRU (Climatic Research Unit) 

global precipitation product. It is a full-coverage, high-resolution and no-omission data set of 

average monthly surface climatic elements rebuilt by the U.K. University of East Anglia’s 

Climatic Research Unit (CRU) through integrating existing famous databases. The current 

sequence length is 1901-2016, spatial resolution is 0.5°×0.5°, and all land networks in the world 

are covered.  

（2）The historical long-sequence section flow data of major hydrological stations of Chiang 

Saen, Luang Prabang, Nong Khai, Nakhon Phanom, Mukdahan, Pakse, Stung Treng, Kratie on 

mainstream Mekong River (from upper to lower reaches, see Fig. 3.1-3) was collected from 

Mekong River Commission. The sequence length is 1985-2016, and temporal resolution is 

daily-scale observation. 

4.1.2 Methodology 

In this project, we established the standardized precipitation index (SPI) and standardized 

runoff index (SRI) as indicators for monitoring and diagnosis of different types of drought and 

analyze the characteristics of drought, on different scales and of different types, in the Mekong 

River, from meteorological and hydrological perspectives.  

（1）Definition and calculation of SPI 

Generally speaking, precipitation abides by skewed distribution rather than normal distribution. 

In drought monitoring and evaluation, Γ distribution probability is usually adopted to describe 

the variation of precipitation. The standardized precipitation index (SPI), for measuring the 

excess and deficit of precipitation on various temporal scales, is a widely adopted index for 

drought diagnosis. Γ distribution probability is adopted to describe precipitation in the SPI 

calculation; then, normal standardization of skewed probability distribution is conducted; 
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finally, drought is graded using the distribution of cumulative frequency of standardized 

precipitation. The SPI is an indicator expressing the precipitation occurrence probability in a 

given period that is applicable to meteorological drought monitoring and evaluation on or above 

the monthly scale. With the advantages of easy access to data, easy calculation, flexible 

temporal scale and regional comparability, SPI has been widely applied to the depiction of 

meteorological drought in recent years. SPI formula is:  

                       SPI = S (𝑡 −
(𝑐2𝑡+𝑐1)𝑡+𝑐0

[(𝑑3𝑡+𝑑2)𝑡+𝑑1]𝑡+1.0
)        （4.1-1） 

2

1
ln

( )
t

G x
                      （4.1-2） 

In specific, x is precipitation sample value; S is the positive and negative coefficients of 

probability density; c0, c1, c2 and d1, d2, d3 are calculation parameters of the simplified 

approximation analysis formula for converting Γ distribution probability into cumulative 

frequency—c0=2.515517, c1=0.802853, c2=0.010328, d1=1.432788, d2=0.189269 and 

d3=0.001308. G(x) is rainfall distribution probability related to Γ function. According to the 

probability density integral formula of Γ function is:  

              
1 /

0
0

2
( ) , 0

( )

x
xG x x e dx x 

 

  
      （4.1-3） 

When G(x) > 0.5, S = 1; when G(x) ≤ 0.5, S = -1.  

Drought is graded with SPI≤-0.5 being the standard for judging the occurrence of drought. 

Table 4.1-2 shows the drought gradation based on SPI.  

 Table 4.1-1 SPI-Based Gradation of Drought. 

Grade Type SPI 

I No drought  >-0.5 

II Mild drought  (-1.0, -0.5) 

III Moderate drought  (-1.5, -1.0) 

IV Severe drought  (-2.0, -1.5) 

V Exceptional drought ≤-2.0 
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（2）Definition and calculation of SRI 

By reference to the calculation principle of SPI, the Standardized Runoff Index (SRI) was 

proposed. Based on long-sequence measurement or simulated monthly runoff calculation, SRI 

measures effectively runoff deficit relative to multi-year average runoff, expresses the 

probability of occurrence of the cross-section runoff of a given period in the same period in 

history, and is used in hydrological drought diagnosis and evaluation on and above monthly 

scale.  

Similar with the SPI-based gradation of drought, drought is also graded with SRI≤-0.5 being 

the standard of judging hydrological drought, as shown in Table 4.1-1. 

4.2 Character Analysis of Drought 

4.2.1 Character of Meteorological Drought 

Based on the long-sequence monthly precipitation data for 1901-2016 from CRU, The one-

month, three-month, six-month and twelve-month standardize precipitation indexes (SPI1, 

SPI3, SPI6 and SPI12) was respectively calculated to depict the short-term and long-term 

meteorological drought in the Mekong River Basin. Based on the SPI calculation results on 

various temporal scales, we revealed the spatio-temporal characteristics of meteorological 

drought in the Mekong River Basin from the perspectives of drought severity and drought 

frequency.  

（1）Drought Severity 

1）Inter-annual Variation of SPI 

Fig. 4.2-1 demonstrates the inter-annual variation characteristics of SPI on different temporal 

scales between 1950 and 2016. In specific, figures (a)-(d) show the one-month, three-month, 

six-month and twelve-month SPI values. Different temporal scales demonstrate great 

differences in the degree of drought. For instance, SPI1 of the Mekong River Basin in March, 

2013 is -1.80, indicating severe drought; SPI3 is -1.43, indicating moderate drought; SPI6 is -

0.76, indicating mild drought, and SPI12 is 0.48, indicating no drought. This means the mild or 

moderate drought on short-time scales may be changed into no drought on long-time scales if 

rainfall deficit can be remitted in time. On the contrary, the severe or exceptional drought on 

long-time scales may be also no drought or mild drought on short-time scales. An example is 

July, 2005. SPI1 and SPI3 are 0.87 and 0.18, indicating no drought; along with the growth of 



 

152 

 

temporal scale, however, SPI12 is -1.94, indicating severe drought relative to the same period 

in history. From Fig. 4.2-1d, we could see that SPI varies from -2.38 to 2.70, with a slightly 

upward trend (0.037/10a), meaning the drought severity is slightly decreasing. Based on SPI 

values on various temporal scales and the gradation standard in Table 4.1.-1, we can know in 

the past half century, serious droughts gather in late 1950s, the end of 1970s/ the beginning of 

1980s, the beginning of 1990s and around 2005. On yearly scale, serious droughts took place 

in 1980, 1992, 1994, 1998, 2005, 2009-2010 and 2015-2016, basically consistent with existing 

research findings.  

 

Fig. 4.2-1 SPI Sequences on Different Temporal Scales of the Mekong River Basin.  

(a) SPI1; (b) 3 SPI3; (c) SPI6; (d) SPI12 

 

 

Fig. 4.2-2 annual Precipitation Anomaly of the Mekong River Basin (mm). 
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Fig. 4.2-2 shows the annual precipitation anomaly of the Mekong River Basin in the past 

century. Since the 1950s, obvious rainfall deficit was seen in late 1950s, the end of 1970s/the 

beginning of 1980s and the beginning of 1990s, which further proves the result SPI reveals (Fig. 

4.2-1). 

2）Seasonal Variation of SPI 

The Mekong River Basin belongs to the tropical monsoon climate zone, with distinct dry and 

wet seasonal variations throughout the year: wet season with abundant precipitation from May 

to October and dry season with low precipitation from November to April of the following year. 

Therefore, based on the six-month SPI values (SPI6) from October to April, the severity of 

meteorological drought in rainy and dry seasons of the basin was analyzed.  

Fig.4.2-3a and Fig.4.2-3b show the severity changes of drought in wet season (May-October) 

and dry season (November-April) respectively in the Mekong River Basin. It can be seen from 

Fig. that drought and flood events occur alternately in the wet season and the SPI values are 

between -2.38 and 2.90. On the whole, the variation trend of severity of drought in wet season 

is not obvious. In terms of inter-annual variations, the wet season precipitation in the 1960s-

1990s and 2005-2010 was relatively high; and the precipitation in the 1950s, 1990s and the last 

five years (2005-2010) was relatively low. Among them, the wet seasons of 1993, 1998 and 

2015 had serious droughts (SPI6<-1.5); especially in 1993, SPI6 was only -2.38, indicating 

exceptional drought.  

Compared with the wet season, SPI6 value of dry season in the basin shows an obvious upward 

trend, indicating that the drought severity in the dry season shows a downward trend. In terms 

of inter-annual variation, the dry season had less precipitation before the mid-1990s and SPI6 

values of 1995, 1959, 1980 and 2005 were lower than -1.5, which was a extraordinarily serious 

drought year. Since the late 1990s, SPI6 value has been greater than 0 in most years, especially 

in the dry season of 2013, the SPI6 value reached 2.70 and precipitation was abundant.  
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Fig. 4.2-3 Variation Characters of Severity of Seasonal Drought (SPI6) in the Mekong River Basin 

with the Time. (a) Wet Season (May-October); (b) Dry Season (November-April of Next Year).  

3）Spatial distribution of SPI trend 

Fig.4.2-4 shows the variation trends of drought severity in the whole year, wet season and dry 

season of the Mekong River Basin. On the yearly scale, the SPI of Myanmar, northeastern 

Thailand and most parts of Cambodia shows a downward trend, indicating that the annual 

drought severity in the above areas is increasing, especially in parts of northeastern Thailand, 

the downward trend of SPI reaches -0.15/10 years; relatively speaking, SPI in Lao PDR has a 

significant increasing trend, indicating the severity of drought in Lao PDR is decreasing. 

Fig.4.2-4b shows that the areas with the increased drought severity in wet season are mainly 

distributed in northeastern Thailand, central Lao PDR, Myanmar, Cambodia and other countries 

and regions. The drought severity in northern Lao PDR is obviously weakened. Compared with 
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the wet season, the drought severity in dry season shows a weakening trend in most parts of the 

basin (corresponding SPI value is increasing); relatively speaking, the drought-enhanced areas 

are mainly concentrated in northeastern Thailand and a small part of western Cambodia.  

 

Fig. 4.2-4 Spatial Distribution of Drought Severity trend in the Mekong River Basin.  

a) Annual drought severity trend of SPI (SPI12) on the twelve-month scale; b) wet season 

drought severity trend of SPI (SPI6) on the six-month scale; c) Dry season drought severity trend 

of SPI (SPI6) on the six-month scale 

（2）Frequency of Drought 

The frequency of drought refers to the number of occurences of drought in the entire period of 

time. The calculation formula is: 

d = (n/N) × 100%               (4.2-1) 

In specific, n is the number of years in which drought takes place; N is precipitation sequence 

length (116 years). 

Taking SPI<-0.5 as the criterion of the occurrence of drought, we made statistics of the 

frequency of drought in each grid of the Mekong River region (Fig. 4.2-5a). According to the 

result, the frequency of meteorological drought exceeds 25% in almost all regions across the 

basin. In specific, drought frequency surpasses 30% in Lao PDR, northeastern Thailand and 

northwestern Cambodia; relatively speaking, the frequency is slightly lower in Mekong Delta 

in Viet Nam than in other regions. On this basis, we further calculated the frequency of severe 

and exceptional droughts (SPI<-1.5) (Fig. 4.2-5b). According to the result, the frequency of 

severe and exceptional droughts is high, close to 10%, in Cambodia, Viet Nam and other regions 
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in the lower reaches. Comparison of both figures indicates Mekong Delta registers higher 

frequency of severe and exceptional droughts than upstream regions, though its drought 

frequency is slightly lower. This means the Mekong Delta is more liable to severe and 

exceptional meteorological droughts.  

 

Fig. 4.2-5 Distribution of annual drought frequency (Left) and frequency of severe and 

exceptional drought (Right) in the Mekong River Basin. 

4.2.2 Character of Hydrological Drought 

Three typical hydrological stations, Chiang Saen, Mukdahan and Stung Treng, were selected 

as representatives of hydrological characteristics of upper, middle and lower reaches of the 

mainstream Mekong River, to analyze the spatio-temporal characteristics of hydrological 

drought in the mainstream Mekong River. Based on the day-by-day runoffs between January 1, 

1985-December 31, 2016, we figured out each station’s average monthly runoff in January 

1985-December 2016; based on the monthly runoff sequence in the past 32 years (1985-2016), 

we figured out the one-month, three-month, six-month and twelve-month standardized runoff 

indexes (SRI1, SRI3, SRI6 and SRI12) respectively for diagnosing each station’s hydrological 

drought on different temporal scales.  

Fig. 4.2-6 and Fig. 4.2-7 show SRI1, SRI3, SRI6 and SRI12 of Chiang Saen station, Nongkhai 

station successively. From Fig. 4.2-6d we could see that there is a slight downward SRI trend 

at Chiang Saen station at the rate of about 0.20/10a. Albeit with the little change, the magnitude 

of SRI is almost negative during 2010-2016, suggesting the frequent hydrological droughts 
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since 2010 in this station. As for interannual variation, in the end of the 1980s/ the beginning 

of the 1990s, in 1993/1994, around 2004/2005 and the last few years since 2010, the streamflow 

was lower than normal conditions. In particular during 1993/1994, the SRI value is as small as 

-1.9. 

 

Fig.4.2-6 SRI sequence of Chiang Saen station on various temporal scales. 

 (a) SRI1; (b) SRI3; (c) SRI6; (d) SRI12. 

 

 

Fig.4.2-7 SRI sequence of Mukdahan station on various temporal scales. 

As for the Mukdahan station in the middle reaches, there is an apparent upward SRI trend, with 

a change rate of 0.05/a (see Fig. 4.2-7d), which means the hydrological drought severity and 

frequency both declined. For interannual variation, low runoff gathered in the end of the 1980s/ 
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the beginning of the 1990s, 1993-1994 and 1998-1999, when severe hydrological drought, SRI 

less than -1.5, was witnessed. In comparison, runoff was ample after 2000, the SRI is around 

2.0 in 2008, 2009, 2011 and 2012. 

 

Fig. 4.2-8 SRI sequence of Stung Treng station on various temporal scales. 

For the downstream Stung Treng station, the SRI trend is not obvious (Fig. 4.2-8d), the dry year 

alternates with wet year. Relatively severe hydrological drought was seen in the end of the 

1980s/ the beginning of the 1990s, 1998-1999, 2010 and 2016. The SRI of 1998-1999 was as 

small as -1.89. In the last few years, the downstream Stung Treng station is frequently hit by 

the severe hydrological droughts, e.g., in the year of 2010 and 2016. Though drought happened, 

most years between mid-1990 and 2005 were wet, with high SRI value approximate 2 between 

2000 and 2005.  

Furthermore, we calculated and presented the SRI series for the wet and dry season, respectively, 

at the stations of Chiang Saen, Mukdahan, and Stung Treng. The magnitude of SRI in wet 

season is consistent with the interannual variability of 12-month SRI (shown in Fig. 4.2-6, Fig. 

4.2-7, Fig. 4.2-8), varying among different station locations. The upstream Chiang Saen shows 

an evident downward trend at the rate of -0.4/10a, especially for the last few years since 2010, 

while the wet season SRI in middle Mukdahan station shows the 0.3/10a upward trend. 

Comparing with the upper two stations, the downstream Stung Treng station seems little change 

of streamflow in wet season. In contrast, all these three typical stations have seen the obvious 

increasing SRI in dry season with the rate over 0.3/10a, suggesting the overall decreased 

frequency and severity of hydrological droughts in dry season. This seasonal analysis suggests 

that more attentions need to be paid on the hydro-meteorological change (e.g., precipitation, 

streamflow) in wet season in the future.  
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Fig. 4.2-9 SRI sequence in wet (left panel; May-October) and dry season (right panel; November-

April of Next Year) at the Chiang Saen (top panel), Mukdahan (middle panel), and Stung Treng 

(bottom panel) station. 

4.4 Discussion 

In this section, the current analysis and results to most extent are limited by the data availability. 

Specifically, limited by the lack of in-situ precipitation measurements across the entire basin, 

the present analysis of meteorological drought is totally based on the open-accessible global 

precipitation dataset with relatively low spatial resolution (0.5°×0.5°). In future, the results 

may need to be further verified if the abundant ground observations are available (provided by 

the member counries in Mekong River Basin). Moreover, the unavailable water use or demand 

data from various socio-economic sectors (e.g., agriculture, industry, and human livelihoods) 

also hampers the drought analysis from the socio-economic perspective. To this end, continued 

efforts should be further devoted to characterize drought with respect to different aspects 

including meterology, hydrology, agriculture, and socioeconomy, and thus benefits us more 
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deeply and comprehensively understand the drought characteristics in the Mekong River Basin. 

4.5 Summary 

(1) Severity of meteorological drought: In terms of inter-annual drought severity, the SPI values 

of the Mekong River Basin changed from -2.38 to 2.70 in the past 60 years and severe drought 

took place in 1980, 1992, 1994, 1998, 2004-2005, 2009-2010 and 2015-2016. As a whole, the 

drought severity shows a slight weakening trend, but in terms of spatial distribution, the drought 

severity in northeastern Thailand, most of Cambodia and Myanmar shows an increasing trend, 

especially in parts of northeastern Thailand.  

(2) Frequency of meteorological drought: The frequency of meteorological drought (using 

SPI<-0.5 as the criterion) in the most areas of the Mekong River Basin generally exceeds 25% 

and frequency of severe and exceptional droughts (using SPI<-1.5 as the criterion) is mostly 

between 6% and 8%. As far as the whole region is concerned, the areas more liable to severe 

and exceptional droughts are mostly concentrated in southern Cambodia, Mekong Delta in 

Vietnam and other downstream regions.  

(3) Severity of hydrological drought: The severe hydrological drought years diagnosed by 

runoff observations at Chiang Saen station and Mukdahan station in the upper and middle 

reaches are the late1980s-early 1990s, 1994, 1998/1999 and 2005; the severe hydrological 

drought took place in Stung Treng station in the lower reaches in many years, besides the late 

1980s-early 1990s and 1998/1999, this station also experienced significant hydrological 

droughts in 2010 and 2016.  

(4) Taking two typical droughts in 2004-2005 and 2016 as examples and combined with 

meteorological and hydrological factors such as atmospheric circulation background, rainfall 

and runoff, the causes and development process of two typical droughts were studied. The 

results show that the El Nino phenomenon, characterized by the atmospheric - ocean circulation 

anomaly in the tropical Pacific Ocean, usually leads to the early end of the rainy season in the 

Mekong River Basin and the abnormally less rainfall than that of the same period in history, so 

that the Mekong River Basin is more liable to a large-scale meteorological drought; and when 
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the meteorological drought lasts for a long time, the corresponding hydrological drought will 

take place from the upstream to downstream in the basin. Among them, the hydrological 

drought in the downstream delta usually leads to the decline of river water level, which makes 

the time of seawater invasion advanced and the degree enhanced; the superposition of both will 

aggravate the losses caused by drought, and the drought in the Mekong Delta in 2016 is a typical 

case.  
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5. Overview of Measures and Assessment of Capacity 

for Flood Prevention and Drought Relief  

5.1 Data and Methodology 

5.1.1 Data 

In order to survey the flood prevention and drought relief measures of the Mekong River Basin 

countries and evaluate their corresponding capability, the following relevant information was 

obtained through on-site investigation and data collection. 

(1) Maps, photos and videos from the site survey 

(2) Relevant public information downloaded from the Mekong River Commission website, 

including: incident reports, hydrological sites and their sections, water monitoring data, and 

mountain flood warning information. Including: 

Planning Atlas of the Lower Mekong River Basin, 2011 

Overview of the Hydrology of the Mekong Basin, 2005 

Annual Mekong Flood Report, 2005 to 2014 

(3) The professional websites of relevant departments of the Mekong River countries and 

information from other third-party related websites. These web sites are as follows. 

Cambodia National Mekong Committee http://cnmc.gov.kh/cnmc/index.php/en/ 

Laos National Mekong Committee  http://www.lnmc.gov.la 

Thailand National Mekong Committee  http://www.tnmc-is.org 

Vietnam National Mekong Committee  http://www.vnmc.gov.vn/ 

Thailand's Department of Disaster Prevention and Mitigation  

http://www.disaster.go.th/en/index.php 

Central Steering Committee for Natural Disaster Prevention and Control of Vietnam 

http://phongchongthientai.vn/ 

http://cnmc.gov.kh/cnmc/index.php/en/
http://www.lnmc.gov.la/
http://www.tnmc-is.org/
http://www.vnmc.gov.vn/
http://www.disaster.go.th/en/index.php
http://phongchongthientai.vn/
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Tonle Sap Lake Authority  http://www.tonlesap.gov.kh/ 

Asian Disaster Reduction Center http://www.adrc.asia/ 

(4) The Google Earth satellite remote sensing image data in recent years in the Mekong River 

Basin and topographic data of Mekong River Basin with 10m resolution provided by Google 

Map. 

5.1.2 Methodology 

Through on-site investigation, expert consultation, and analysis of relevant data, study and 

analysis of flood prevention structural measures, drought-resistant structural measures, non- 

structural measures for flood prevention and drought relief by the Mekong River Basin 

countries were done to assess the flood prevention and drought relief of these countries. The 

specific content mainly includes: 

· Using the Mekong River Basin Planning Atlas, in combination with on-site investigation, 

satellite remote sensing image interpretation and other related data analysis, and through 

the consultation and exchange with relevant experts from the Mekong River countries, the 

dikes, reservoirs, gate pumps, section of Mekong river mainstream and status, scale, 

location and related characteristic parameters of flood area in these countries were studied 

and analyzed. 

· Based on the Atlas of Mekong River Basin Planning, the distribution characteristics of 

irrigation facilities and dam reservoirs in the Basin were studied by means of satellite 

remote sensing images and field investigations. The analysis is focused on the distribution 

of reservoirs on the mainstream and tributaries, the distribution of irrigation projects in the 

basin, the scale of irrigation districts, the proportion of irrigation area, and other hydraulic 

engineering parameters closely related to drought relief.  

· Through the analysis of relevant data, in combination with expert consultation and 

exchange, and the status of non-structural measures for flood prevention and drought relief 

in the Mekong River Basin countries was studied, including: the flood prevention and 

drought relief organization system of Mekong countries, the monitoring, forecast and early 

http://www.tonlesap.gov.kh/
http://www.adrc.asia/
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warning of Mekong River by the Mekong River Commission and countries in the basin, 

and situation of flood prevention and drought relief in of the Mekong River Basin countries, 

etc. 

· Based on the analysis of flood prevention structural measures, and non-structural measures 

in the Mekong River Basin countries, and the further analysis of the flood prevention and 

disaster reduction organization system, the embankment status, the reservoir storage 

capacity, the river channel discharge capacity and the flood storage capacity of flood 

storage areas in these countries, the flood prevention capacity of these countries was 

analyzed. The flood prevention status of the basin from the perspective of the whole river 

basin was analyzed, and the experience of basin-level flood prevention management of 

transnational rivers with the example of Rhine River Basin was introduced, to provide 

reference for the implementation of basin-level flood prevention management in the 

Mekong River Basin. 

· Based on structural and non-structural measures for drought relief in the Basin, in 

combination with economic strength of the Mekong River countries, and taking the size 

and distribution of the reservoir irrigation area, the proportion of irrigation area, and per 

capita GDP as indicators, the drought relief capability of these countries was 

comprehensively investigated and assessed from the aspects of water project capacity, 

economic strength, and drought prevention and disaster reduction response capability. And 

furthermore, through the specific case study, the comprehensive drought relief of the 

Mekong River Basin from a whole basin perspective to tap the greater drought relief 

potential within the basin was analyzed. 

5.2 Structural Measures for Flood Prevention 

5.2.1 Cambodia 

The flooding in Cambodia is mainly affected by its own topography and meteorological 

conditions, as well as the upper reaches of the main stream of the Mekong River, and the three 

rivers of Se Kong, Se San and Sre Pok. In recent years, with the increase of upstream irrigation 
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water consumption and the construction of reservoir projects, the threat of flooding in the 

floodplain of the Mekong River in Cambodia and the surrounding area of Tonle Sap has been 

reduced. As a result, the Cambodian government has increased its development in these areas, 

and these development areas are still threatened by floods. In addition, the reservoir built 

upstream of the tributary also has the risk of dam break, resulting in flooding in Cambodia. For 

example, on July 24, 2018, the dam of the Xe Pian-Xe Namnoy reservoir in the province of 

Api, Laos, caused extensive flooding in the Se Kong river. The dam-breaking flood affected the 

territory of Cambodia in the lower reaches of the Se Kong River. At the Siem Pang station on 

the Se Kong River in Cambodia, the water level was 8.30 m at 3 pm on July 22, and 12.47 m 

at 2 pm on July 27, an increase of 4.08 m1。 

（1）Reservoirs 

Along with economic and social development, Cambodia has built 2 reservoirs, one of which 

is O Chum 2 with the storage capacity of 120,000 m3, the other one is Lower Se San 2 with the 

storage capacity of 2.715 km3, and plans to build another 12 reservoirs (Fig. 5.2-1), with a gross 

storage capacity of around 16 km3. Among the 12 planned reservoirs, 5 reservoirs are located 

in the mountainous region on the upper Tonle Sap Lake, with a gross storage capacity of 5.03 

km3; 5 reservoirs are located in the eastern mountainous region, with a gross storage capacity 

of about 9 km3; and the rest 2 reservoirs are located on the mainstream Mekong River, with a 

gross storage capacity of 2.07 km3. Informations of the reservoirs are listed in Table 5.2-1. The 

distribution see Fig. 5.2-1 (labled with ID). 

 

 

 

 

                                                 
1 MRC monitors the flooding situation in Southern Laos closely, http://www.mrcmekong.org/news-and-

events/news/mrc-monitors-the-flooding-situation-in-southern-laos-closely/. 25th Jul 2018. 

http://www.mrcmekong.org/news-and-events/news/mrc-monitors-the-flooding-situation-in-southern-laos-closely/
http://www.mrcmekong.org/news-and-events/news/mrc-monitors-the-flooding-situation-in-southern-laos-closely/


 

166 

 

 

 

Table 5.2-1 Reservoirs in Cambodia1. 

ID Name River Status 
Storage

（106m3） 

Drainage area 

（km2） 

C001 O Chum 2 O Chum Existing <10 45  

C002 Lower Se San2  Se San Existing 2715 49200  

C003 Battambang 1 Stung Sangker Planned 1000-3000 2135  

C004 Battambang 2 Stung Sangker Planned 100-1000 120  

C005 Sambor Mekong Planned 1000-3000 646000  

C006 Stung Treng Mekong Planned 10-100 635000  

C007 Pursat 1 Stung Pursat Planned 100-1000 1100  

C008 Pursat 2 Stung Pursat Planned 100-1000 2080  

C009 Lower Se San 3 Se San Planned >3000 15600  

C010 Prek Liang 1 Prek Liang Planned 100-1000 883  

C011 Prek Liang 2 Prek Liang Planned 100-1000 595  

C012 Lower Sre Pok 3 Sre Pok Planned >3000 26200  

C013 Lower Sre Pok 4 Sre Pok Planned 1000-3000 13800  

C014 Stung Sen Stung Sen Planned 1000-3000 10540  

 

                                                 
1 Based on information from http://www.hydrosesan2.com/project.php?id=119 and Mekong R C. Planing Atlas of 

the Lower Mekong River Basin [M].Phnom Penh: Lao Uniprint Press Co.Ltd，2011. 

http://www.hydrosesan2.com/project.php?id=119
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Fig. 5.2-1 Distribution of reservoirs in Mekong River Basin in Cambodia. 

（2）Levee projects 

In Cambodia, river channels are basically in a natural state without levees or other flood 

prevention projects on both banks; instead, there are some urban bank protection works in only 

Stung Treng, Kratie, Kompong Cham, Phnom Penh and other cities. On the right bank of the 

Mekong River in Cambodia is the catchment basin of the Tonle Sap Lake, which not only takes 

in, regulates and stores floodwater (about 57% of lake water) of the Mekong River and also 

collects water (about 30% of lake water) from surrounding tributaries, with a gross catchment 

area of 85,850 km2 (including the area of the lake region). Residents inhabit along the lake. 

About 1.5 million people live on fishing, collection of wild animals and plants in wet land or 

cultivation of few cereals in floating houses or hamlets near the lake.Near Stung Treng City on 

the left bank of the Mekong River in Cambodia, three big tributaries flow together into the 

Mekong River, and they are the Se Kong River that originates from Lao PDR and the Se San 

River and the Sre Pok River with their sources in Viet Nam. Gross catchment area of the three 
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rivers is 78,645 km2 or about 13% of the drainage area of the Mekong River. Under the 

influence of the Annam Mountainous Region, these rivers contribute to about 17% of the 

average runoff of the basin. Their afflux into the mainstream gathers in August-October. After 

joining the runoffs from upstream, the water pushes up the flood peak of the mainstream, 

submerges the flood plains of the Mekong River in Cambodia and further enhances the 

backflow of the Tonle Sap River, with an important hydrological function in the Tonle Sap 

Lake’s regulation of flood in the mainstream Mekong River. Main hydrological stations on 

Mekong mainstream in Cambodia include Stung Treng and Kratie, see Fig. 5.2-1, the cross 

sections are as Fig. 5.2-2 and Fig. 5.2-31. The warning water level and flood water level are 

47.49 m and 48.79 m at Stung Treng station; that of Kratie station are 20.92 m and 21.92 m 

respectively. The Mekong mainstream becomes wider in the Kratie section.  

Fig. 5.2-2 Cross section of Stung Treng station. 

 

                                                 
1 http://www.mrcmekong.org 
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Fig. 5.2-3 Cross section of Kratie station. 

（3）Flood storage and detention areas 

With a special geographical location, Cambodia becomes an important flood storage and 

detention region in the Mekong River Basin that plays an important role in reducing the flood 

peak of the mainstream Mekong River, storing and detaining superfluous floodwater of the 

Mekong River and relieving flood inundation in the lower reaches. From mid-May to early 

June, the Lancang-Mekong River Basin will usually enter into the wet season under the 

influence of the East Asian Monsoon and Southwest Monsoon. In mid-July, the flood of the 

Lancang River will reach the peak. While a huge amount of floodwater rushing through the 

Khone Falls into the flat river channels in the lower Mekong River in Kratie, water level of 

the Chaktomuk intersection between the mainstream Mekong River and the Tonle Sap River 

will rise rapidly, outflow of the Tonle Sap River will be inverted into inflow, and flood of the 

Mekong River will flow into the Tonle Sap Lake. Upon mid-August, the East Asian Monsoon 

of western China weakens, but the growing southwest monsoon brings forth a huge rainfall as 

blocked by the Annam Mountain; in combination with the Pacific Ocean’s tropical storm and 

typhoon in September, rainfall gets intensified in the Mekong River Basin, bringing more 

floodwater to the Tonle Sap Lake. In the meantime, floodwater below Kratie also overflows 

into the wetland region of the flood plain of the Mekong River. In late September, backflow 

of the Tonle Sap Lake gets to the peak and after the short-term high water level, the Tonle Sap 

Lake will get back to normal direction of flow into the Mekong River in the beginning of 

October, along with the weakening of the monsoon. From July to September, the storage and 
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detention of floodwater in the Tonle Sap Lake and the flood plains of Cambodia not only can 

relieve life and property loss of residents in the lower reaches, but also plays a positive and 

important role in maintaining the diversity of ecosystems surrounding the Tonle Sap Lake and 

assuring water replenishment in the dry season in the delta region in the Mekong River. The 

scale of floodwater detained in the Tonle Sap Lake and the flood plains rests with the intensity 

of tropical storm, the rainfall in the Annam Mountainous Region and tributary replenishment 

in Lao PDR. Fig. 5.2-4 and Fig. 5.2-5 show the flood inundation scopes in the flood plains and 

the Tonle Sap Lake in dry year (1998) and in wet year (2000) respectively1. 

 
Fig. 5.2-4 Flood inundation scope of Tonle Sap Lake and Mekong River flood plains in dry year 

1998 (depth of water>0.5m)2. 

                                                 
1 Mekong River Commission, Overview of the Hydrology of the Mekong Basin, November 2005 

2 The same as above. 



 

171 

 

 
Fig. 5.2-5 Flood inundation scope of Tonle Sap Lake and Mekong River flood plains in wet year 

2000 (depth of water>0.5m)1. 

As for the Tonle Sap Lake, water area increases from 2,215 km2 on average in dry season to 

13,258 km2 in flood season, water depth rises from 1 meter to 6-10 meters, and water volume 

increases from 1.5 km3 to 70 km3. According to MRC’s research, 57% of water replenishment 

of the Tonle Sap Lake is derived from the Mekong River, 30% from tributaries of the lake and 

13% from surface rainfall. Annual inflow to the Tonle Sap Lake ranges from 44.1 km3 (1998, 

exceptionally dry year) to 106.5 km3 (2000, wet year), with an average of 79 km3. After the 

flood peak, water of Tonle Sap Lake flows back to the Mekong River, with 87% flowing 

through Tonle Sap River to Mekong River, 1% becoming overland flow and 12% evaporated 

on lake surface. Outflow ranges between 43.5 km3 (1998) and 104.8 km3 (2000), with an 

average of 78.6 km3.  

                                                 
1 The same as above. 
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Fig. 5.2-6 Flow processes in dry and wet seasons, Prek Dam Station (1960-1973)1. 

 

 

Fig. 5.2-7 Water Level-Area-Volume curve of Tonle Sap Lake. 

 

                                                 
1Mekong River Commission, Overview of the Hydrology of the Mekong Basin, November 2005 
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In the flood plains of the mainstream Mekong River in Cambodia, floodwater overflows the 

bank in flood season, making the river as wide as 50 kilometers at maximum. Usually, 

overflowing floodwater stays for weeks in the flood plains, which play an important role in 

storing and detaining the floodwater of the mainstream Mekong River, similar with the 

impounding regions of Tonle Sap Lake. In wet year (e.g. 2000), the flood plains’ water storage 

and retention is equivalent to that of Tonle Sap Lake. In dry year (e.g. 1998), it is close to one 

third of the water storage and detention of Tonle Sap Lake. On average, the former is equivalent 

to 1/2 of the latter.  

5.2.2 Lao PDR 

With the influence of the terrain of Annan Mountain, the basin area of Mekong River in Laos 

which is on the left bank of the Mekong River accounts for 25% of the total area of the River, 

but the annual average runoff accounts for 35% of the total. The Nam Tha and Nam Ou rivers 

between Chiang Saen and Luang Prabang contribute 6%; and there was no large tributary 

between Luang Prabang and Vientiane in Laos on the left bank of the Mekong River, so the 

runoff only accounts for 1%; the Nam Ngum, Nam Theun, Nam Hinboun and Se Bang Fai 

between Vientiane and Savannakhet contribute 22% of the annual average total runoff of the 

Mekong River; the remaining 6% is contributed by some small tributaries of the Mekong River 

in Laos below Mukdahan, including the upper reaches of the Se Kong River that flows into 

Cambodia. 

（1）Reservoirs 

There are 100 reservoirs existing, under construction or planned, with a gross storage capacity 

of 58.63 km3, in the Mekong River Basin, including the mainstream Mekong River, in Lao PDR, 

and their locations are shown in Fig. 5.2-8. In specific, 14 reservoirs have been constructed, 

with a gross storage capacity of 11.74 km3; 27 reservoirs are under construction, with a gross 

storage capacity of 17.45 km3; 59 reservoirs are planned, with a gross storage capacity of 29.43 

km3; 9 reservoirs are located on the mainstream Mekong River, with a gross storage capacity 

of 3.16 km3, including 2 reservoirs under construction—Xayabury and Don Sahong whose 
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storage capacity is 0.225 km3 and 0.115 km3 respectively—and 7 reservoirs planned.  

Information and distribution of these reservoirs see Table 5.2-2 and Fig. 5.2-8. These reservoirs 

are mainly located in Nam Ou, Nam Kan, Nam Ngum basin and upper Se Kong.  

Table 5.2-2 Reservoirs in Lao PDR1. 

ID Name River Status 
Storage

（106m3） 

Drainage 

area 

（km2） 

L001 Nam Ngum 1 Nam Ngum Existing >3000 8460  

L002 Nam Dong Nam Don Existing <10 4  

L003 Xelabam Se Done Existing <10 6360  

L004 Xeset 1 Se Set Existing <10 485  

L005 Theun-Hinboun 

Nam Theun, 

Nam Hin 

Boun 

Existing 10-100 8927  

L006 Houayho 
Houayho, Se 

Kong 
Existing 100-1000 192  

L007 Nam Leuk 
Nam Leuk, 

Nam Ngum 
Existing 100-1000 274  

L008 Nam Mang 3 
Nam Mang, 

Nam Ngum 
Existing 10-100 82  

L009 Nam Ko Nam Ko Existing <10 223  

L010 Nam Ngay Nam Ngay Existing <10 315  

L011 Nam Theun 2 
Nam Theun, 

Se Bang Fai 
Construction >3000 4013  

L012 Xekaman 3 
Houayho, Se 

Kong 
Construction 100-1000 712  

L013 Xeset 2 Se Set Construction <10 392  

L014 Nam Ngum 2 Nam Ngum Existing 1000-3000 5640  

L015 Nam Lik 2 Nam Lik Existing 100-1000 1993  

L016 Nam Ngum 5 Nam Ngum Construction 100-1000 483  

L017 Xekaman 1 Se Kaman Construction 1000-3000 3580  

L018 Xekaman-Sanxay Se Kaman Construction <10 3740  

                                                 

1Mekong R C. Planning Atlas of the Lower Mekong River Basin [M].Phnom Penh:Lao Uniprint Press Co.Ltd，

2011. 
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ID Name River Status 
Storage

（106m3） 

Drainage 

area 

（km2） 

L019 
Theun-Hinboun 

expansion 
Nam Theun Existing 10-100 8937  

L020 
Theun-Hinboun 

exp. (NG8) 
Nam Theun Existing 1000-3000 2942  

L021 Nam Ngum 3 Nam Ngum Construction 100-1000 3888  

L022 Nam Theun1 Nam Theun Construction 1000-3000 14070  

L023 NamNgiep 1 Nam Nhiep Construction 1000-3000 3700  

L024 
Nam Ngiep-

regulating dam 
Nam Nhiep Construction <10 3750  

L025 Nam Tha 1 Nam Tha Construction 100-1000 8990  

L026 Nam Long Nam Ma Construction <10 156  

L027 
Xepian-

Xenamnoy 

Se Pian, Se 

Nam Noy 
Construction 100-1000 820  

L028 Xe Katam Se Nam Noy Construction 100-1000 263  

L029 Xekong 4 Se Kong Construction >3000 5400  

L030 Nam Kong 1 Nam Kong Construction 100-1000 1250  

L031 Xe Kong 3up Se Kong Planned 10-100 5882  

L032 Xe Kong 3d Se Kong Planned 100-1000 9700  

L033 Xe Kong 5 Se Kong Planned 1000-3000 2615  

L034 Don Sahong Mekong Construction 100-1000 553000  

L035 Nam Ou 1 Nam Ou Construction 10-100 25979  

L036 Nam Ou 2 Nam Ou Construction <10 22568  

L037 Nam Ou 3 Nam Ou Construction 10-100 19774  

L038 Nam Ou 4 Nam Ou Construction <10 11799  

L039 Nam Ou 5 Nam Ou Construction 10-100 10371  

L040 Nam Ou 6 Nam Ou Construction 100-1000 5527  

L041 Nam Ou 7 Nam Ou Construction 1000-3000 3477  

L042 Nam Lik 1 Nam Lik Construction <10 5050  

L043 Nam San 3 Nam San Construction 100-1000 155  

L044 Nam Pha Nam Pha Planned 1000-3000 2837  
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ID Name River Status 
Storage

（106m3） 

Drainage 

area 

（km2） 

L045 Nam suang 1 Nam Suang Planned 10-100 5755  

L046 Nam Suang 2 Nam Suang Planned 1000-3000 5195  

L047 Nam Nga Nam Ou Planned 1000-3000 2477  

L048 Nam Beng Nam Beng Planned 10-100 1908  

L049 Nam Feuang 1 Nam Feuang Planned 10-100 714  

L050 Nam Feuang 2 Nam Feuang Planned <10 374  

L051 Nam Feuang 3 Nam Feuang Planned <10 184  

L052 Pakbeng Mekong Planned 100-1000 218000  

L053 Luangprabang Mekong Planned 100-1000 230000  

L054 Xayabuly Mekong Planned 100-1000 272000  

L055 Paklay Mekong Planned 100-1000 283000  

L056 Sanakham Mekong Planned 100-1000 292000  

L057 
Sangthong-

Pakchom 
Mekong Planned 100-1000 295500  

L058 Ban Kum Mekong Planned 100-1000 418400  

L059 Latsua Mekong Planned 100-1000 550000  

L060 Xe Pon 3 
Se Bang 

Hieng 
Planned 100-1000 464  

L061 Xe Kaman 2A Se Kaman Planned <10 1970  

L062 Xe Kaman 2B Se Kaman Planned 100-1000 1740  

L063 Xe Kaman 4A Se Kaman Planned 10-100 265  

L064 Xe Kaman 4B Se Kaman Planned 10-100 192  

L065 Dak E Mule Se Kong Planned 100-1000 127  

L066 Nam Khan 1 Nam Khan Planned 100-1000 7300  

L067 Nam Khan 2 Nam Khan Planned 100-1000 5221  

L068 Nam Khan 3 Nam Khan Planned 100-1000 3392  

L069 Nam Ngum 4A Nam Ngum Planned 100-1000 1725  

L070 Nam Ngum 4B Nam Ngum Planned <10 1818  

L071 
Nam Ngum, 

Lower dam 
Nam Ngum Planned 100-1000 16900  
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ID Name River Status 
Storage

（106m3） 

Drainage 

area 

（km2） 

L072 Nam Pay Nam Ngum Planned 10-100 157  

L073 Nam Mang 1 Nam Mang Planned 100-1000 577  

L074 Nam Pouy Nam Phuai Planned 100-1000 1680  

L075 Nam Poun Nam Pung Planned 100-1000 1700  

L076 Nam Ngao Nam Ou Planned 100-1000 157  

L077 Nam Chian Nam Nhiep Planned <10 271  

L078 Nam Ngieu Nam Nhiep Planned 10-100 309  

L079 Nam Pot Nam Nhiep Planned 10-100 60  

L080 Nam San 3B Nam San Planned 10-100 257  

L081 Nam San 2 Nam San Planned 1000-3000 1429  

L082 Nam Pok Nam Ou Planned <10 466  

L083 Nam Phak Nam Ou Planned <10 594  

L084 Nam Hinboun 1 
Nam Hin 

Boun 
Planned 1000-3000 1380  

L085 Nam Hinboun 2 
Nam Hin 

Boun 
Planned 10-100 31  

L086 Xe Bang Fai Se Bang Fai Planned <10 6350  

L087 Xe Neua Se Bang Fai Planned 100-1000 915  

L088 Nam Theun 4 Nam Theun Planned 100-1000 660  

L089 Nam Mouan Nam Theun Planned 1000-3000 1652  

L090 Xe Bang Hieng 2 
Se Bang 

Hieng 
Planned 100-1000 669  

L091 Xedon 2 Se Done Planned 1000-3000 4090  

L092 Xe Set 3 Se Done Planned <10 127  

L093 Xe Bang Nouan 
Se Bang 

Nouan 
Planned 1000-3000 474  

L094 Xe Lanong 1 
Se Bang 

Hieng 
Planned 100-1000 1415  

L095 Xe Lanong 2 
Se Bang 

Hieng 
Planned 10-100 339  

L096 Nam Phak 
Houay 

Namphak 
Planned 10-100 80  
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ID Name River Status 
Storage

（106m3） 

Drainage 

area 

（km2） 

L097 Xe Nam Noy 5 Se Kong Planned <10 60  

L098 Houay Lamphan Se Kong Planned 100-1000 140  

L099 Nam Kong 2 Se Kong Planned 100-1000 860  

L100 Xe Xou Se Kong Planned 1000-3000 1273  

 

 

Fig. 5.2-8 Reservoirs in Mekong River Basin in Lao PDR. 
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（2）Levee projects 

Levees on the mainstream Mekong River in Lao PDR include 7.4 kilometers urban revetment 

in Vientiane, 2.5 kilometers in Pakse and 5 kilometers in Champasak. There are gates and 

drainage pumping stations for flood prevention in Vientiane, Pakse, Thakhek, Savannakhet, 

Champasak and other cities, but most reaches along the mainstream Mekong River in Lao PDR 

only have natural banks, and the estuary of tributaries of Mekong River is basically in a natural 

state, liable to the influence of high-level flood and backwater effect of Mekong River. Because 

rainfall is frequent in mountainous areas of Lao PDR, minor basin management is carried out 

and flash flood warning systems are built also in some mountainous regions. Lao PDR has 6 

hydrological stations—Luang Prabang, Vientiane, Paksane, Thakhe, Savannakhet and Pakse—

on the mainstream Mekong River, and the corresponding cross sections are demonstrated in 

Fig. 5.2-8. The cross sections of the hydrological stations are as Fig. 5.2-9 to Fig. 5.2-141. The 

warning water level and flood water level of Luang Prabang is 284.695 m and 285.195 m 

respectively; that of Vientiane is 168.36 m and 170.54 m; that of Paksane is 155.625 m and 

156.625 m; that of Thakhek is 142.629 m and 143.629 m; that of Savannakhet is 137.022 m 

and 138.022 m; that of Pakse is 97.49 m and 98.49 m. 

 

Fig. 5.2-9 Cross section of Luang Prabang station. 

                                                 
1 http://www.mrcmekong.org 
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Fig. 5.2-10 Cross section of Vientiane station. 

 
Fig.5.2-11 Cross section of Paksane station 

 
Fig.5.2-12 Cross section of Thakhek station. 
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Fig.5.2-13 Cross section of Savannakhet station. 

 

Fig. 5.2-14 Cross section of Pakse station. 

5.2.3 Myanmar 

The Mekong River Basin in Myanmar is made up of the transboundary river between Lao 

PDR and Myanmar and some tributaries in mountainous regions, involving a drainage area of 

28,600 km2 and an average annual runoff of 17.63 km3, and floodwater there is largely sourced 

from the Lancang River and flash floods of surrounding tributaries (See Fig. 5.2-15). 

According to Myanmar experts, as it mainly covers mountainous regions, resident population 

is small, and river channels along the mainstream Mekong River are in a natural state without 

such infrastructure as flood prevention projects or such water monitoring facilities as 

hydrological stations. There are minor basin management projects in mountainous regions that 
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can prevent flash flood to some extent.  

 

Fig. 5.2-15 Mekong River Basin in Myanmar. 

5.2.4 Thailand 

Thailand's floods in the Mekong River Basin are mainly affected by the high water level of the 

main stream of the Mekong River, causing flooding in the low-lying areas along the Mekong 

River or the flooding in the tributaries of Thailand because of the backflow of the high water 

level of Mekong River. In the northern part of Thailand, it is mainly the two larger tributaries 

of Mae Nam Kok and Mae Nam Ing; in the dish-like highland area in northeastern Thailand, 

the main tributaries are Huai Luang, Nam Songkhram and Nam Mun. These tributaries are 

susceptible to high flood levels in the main stream of the Mekong River without gates and 

pumps. 
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（1）Reservoirs 

There are 7 reservoirs (Fig. 5.2-10), with a gross storage capacity of 3.57 km3, in the Mekong 

River Basin in Thailand. In specific, 7 reservoirs are built up and 1 reservoir is under 

construction. Information of these reservoirs see Table 5.2-3 and Fig. 5.2-16. 

Table 5.2-3 Reservoirs in Thailand1. 

ID Name River Status 
Storage

（106m3） 

Drainage 

area 

（km2） 

T001 Chulabhorn Nam Phrom Existing 100-1000 545 

T002 Huai Kum Nam Phrom Existing 10-100 282 

T003 Nam Pung Nam Pung Existing 100-1000 296 

T004 Pak Mun Nam Mun Existing 100-1000 117000 

T005 Sirindhorn Lam Dom Noi Existing 1000-3000 2097 

T006 Ubol Ratana Nam Pong Existing 1000-3000 12104 

T007 
Lam Ta 

Khong P.S. 

Lam Ta 

Kong 
Existing 100-1000 1430 

                                                 

1Mekong R C. Planning Atlas of the Lower Mekong River Basin [M].Phnom Penh:Lao Uniprint Press Co.Ltd，

2011. 
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Fig. 5.2-16 Reservoirs in Mekong River Basin in Thailand. 

（2）Levee projects 

According to field investigation, consultation and remote sensing interpretation, there are 

revetment bank along urban river sections on the Thailand side of Mekong River, with a total 

length of around 300km. Levees formed by road could be found in some low-lying sections. 

But low-lying sections are still under the impact of the high-level flood of the Mekong River 

(Fig. 5.2-17). In some key cities and towns, revetment projects (Fig. 5.2-18) that can withstand 

high flood levels are built with high quality. 
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Fig. 5.2-17 A low-lying section along Mekong River liable to flood inundation. 

 

Fig. 5.2-18 A revetment project of Mekong River in Thailand. 

Thailand’s hydrological monitoring stations on the mainstream Mekong River are Chiang Saen, 

Chiang Khan, Nongkhai, Nakhon Phanom, Mukdahan and Khong Chiam (see Fig. 5.2-16), and 

their cross sections are shown in Fig. 5.2-19 to Fig. 5.2-241.The warning water level and flood 

water level of Chiang Saen is 368.61 m and 369.91 m respectively; that of Chiang Khan is 

208.618 m and 210.118 m; that of Nongkhai is 165.048 m and 165.848 m; that of Nakhon 

Phanom is 142.461 m and 143.021 m; that of Mukdahan is 136.219 m and 136.719 m; that of 

Khong Chiam is 102.53 m and 103.53 m. 

                                                 
1 http://www.mrcmekong.org 
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Fig. 5.2-19 Cross section of Chiang Saen station. 

Fig. 5.2-20 Cross section of Chiang Khan station. 

  

Fig. 5.2-21 Cross section of Nongkhai station. 
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Fig. 5.2-22 Cross section of Nakhon Phanom station. 

Fig. 5.2-23 Cross section of Mukdahan station. 

 

Fig. 5.2-24 Cross section of Khong Chiam station. 
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（3）Sluices and pumps 

In the disk-shaped highlands in the northeastern Thailand within the Mekong River Basin, high-

level backflow of the Mekong River may be easily caused, flood drainage may be impeded and 

inland inundation may be incurred where there are no sluices and other flood prevention 

facilities once sudden rainstorm takes place in the high-water-level season of the Mekong River, 

though flood inundation is less probable. An example is the Huai Luang regulation project (Fig. 

5.2-25). Irrigation department, responsible for the regulation of the sluice, closes the sluice to 

raise water level and provide irrigation water in the region when irrigation water is needed; and 

closes the sluice and discharges floodwater using water pumps to the Mekong River when flood 

takes place in the Mekong River and water level of the sluice is high (Fig. 5.2-26 and 5.2-27). 

Presently, the project is planned further (Fig. 5.2-28)—to draw water through multi-stage 

pumping station from Mekong River for irrigation in dry season, and discharge floodwater also 

through the multi-stage pumping station from the irrigation region to the Mekong River in flood 

season. 

  

Fig. 5.2-25 Huai Luang regulation sluice. Fig. 5.2-26 Flood drainage pump at Huai Luang 

Sluice. 
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Fig. 5.2-27 Flood drainage pipe at Huai Luang. Fig.5.2-28 Huai Luang Sluice multi-stage 

pumping station program. 

Seen from the satellite image, at least 5 tributaries in Khorat highland of northeastern Thailand 

are installed with sluices, pumps and other projects, and their locations are shown in Fig. 5.2-

29. These sluices aim to provide irrigation water and also prevent flood.  

 
Fig.5.2-29 Sluices and gates in Khorat highland of northeastern Thailand. 
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5.2.5 Viet Nam 

Mekong River Basin in Vietnam mainly include Vietnam the Mekong Delta and the mountain 

areas at upper reaches of the Se San and Sre Pok in the Central Highlands. The floods in the 

Mekong Delta region mainly come from the upstream of the mainstream Mekong River and its 

tributaries, or the sea water encroachment. When the flood in floodplain around the main stream 

of the Mekong River in Cambodia and the Tonle Sap Lake excesses their storage capacity, there 

might be flooding in the downstream delta. The threat in the mountainous areas at upper reaches 

of the Se San and Sre Pok in the Central Highlands mainly is the mountain torrent. 

（1）Reservoirs  

In Viet Nam, there are 15 reservoirs, with a gross storage capacity of 3.16 km3 in the 

mountainous regions of upper Se San River and Sre Pok River in the Central Highlands. 

According to our knowledgement, these reservoirs are designed for power generation and on 

small and medium scales, and their locations are shown in Fig. 5.2-19. In specific, 10 reservoirs 

have been built up, with a gross storage capacity of 2.59 km3; 3 reservoirs are under construction, 

with a gross storage capacity of 0.15 km3; and 2 reservoirs are planned, with a gross storage 

capacity of 0.41 km3. Information of there reservoris see Table 5.2-4 and Fig.5.2-30. 

Table 5.2-4 Reservoirs in Viet Nam in Mekong River Basin1. 

ID Name River Status 
Storage

（106m3） 

Drainage 

area 

（km2） 

V001 Upper Kontum 

Se San, Dak 

Bla, Dak 

Nghe 

Construction 100-1000 350  

V002 Plei Krong 
Se San, 

Krong Poko 
Existing 100-1000 3216  

V003 Yali Se San Existing 100-1000 7455  

V004 Se San 3 Se San Existing <10 7788  

                                                 

1 Mekong R C. Planning Atlas of the Lower Mekong River Basin [M].Phnom Penh:Lao Uniprint Press Co.Ltd，

2011. 


