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EXECUTIVE SUMMARY

1

The year 2019 will go down in history as extreme in various ways:
•
•
•

Unprecedented flow conditions were recorded in the Mekong mainstream.
Baseflow from the tributaries was negligibly low.
Erratic climatic fluctuations were observed ranging from extreme dry to extreme wet
within short periods of time.

The year gives evidence of what is attributable to climate change: high climatic fluctuations, a
shift towards more extreme events within short periods of time and a considerable departure
from historic observations. All is in line with predicted effects of climate change. For example,
there were heat waves in Viet Nam, with a slow onset of the rainy season followed by extreme
rainfall intensities. Impediments for water management are on the rise, and time-proven habits
are seriously challenged. However, not all can be attributed to climate change; there are also
ongoing, increasingly visible changes that cannot be explained by it.
Unprecedented flow conditions in the Mekong mainstream were not only caused by a lack of
rain, but also by reservoir operation. The flow records at Chiang Saen unmistakably reveal the
impact of upstream dam releases, investing the dry and wet season. In contrast, Luang Prabang
is affected by backwater conditions from a dam downstream, and the stage-discharge curve
becomes unusable and overestimates flow.

The baseflow in the Mekong mainstream was at unprecedented low levels. Low upstream flow
rates affect conditions further downstream and lead to insufficient baseflow. However, the low
baseflow cannot be explained solely by dam operation in Mekong mainstream. Indeed, the
baseflow was exacerbated by two other factors: an anomaly of rain in the tributaries that should
be the water tower of the Lower Mekong Basin (LMB); and dams in the tributaries. While an
anomaly of rain is visible from the observations, there was a lack of data on impact of dams in
the tributaries. Provided that dam development continues in the LMB, it is very likely that dam
releases will affect the tributaries and thus flow in the Mekong mainstream, above all during a
dry spell.
Rainfall anomaly and flow volume anomaly along mainstream Mekong are illustrated below;
the comparison helps to better understand their interrelationship. The flow volume anomaly
shows surplus (right) and benefit (left) in horizontal bars in billion cubic metres (BCM). The
rainfall anomaly shows the differences in mm.
1
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Figure 1.

Monthly rainfall anomaly 2019 of the LMB

A particular dry situation is not obvious until April. Drier conditions prevail in the north
from May onwards reaching the climax in August and continue in September. The south
did not significantly tend to be dry. Higher rainfall causing the extreme but short peak at
Pakse and downstream are visible in August and September.
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Figure 2.

Monthly flow volume anomaly 2019 along the mainstream Mekong

The year did not start with dry conditions. On the contrary, releases from the dams
brought above-average flow volume. This changed as of June, and a deficit accumulated
with a short interruption in September.
In conclusion, the year 2019 signals the need to consider the Mekong mainstream as a key
element for cooperation given the upstream-downstream dependencies. Moreover, a closer
look into the tributaries is required as well to foresee detrimental effects and to launch
countermeasures.
A seasonal river flow forecast is central to the ability of water managers to take precautionary
measures in time. However, the year 2019 revealed that a prediction of rainfall, soil moisture
and flow runoff alone are not sufficient for an adequate river flow forecast. Dam operation
becomes a crucial component and has the potential to render river flow forecasts useless if
ignored. Data exchange between forecasters and dam operators is therefore essential.

3
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Cooperation between the countries within the LMB is required, but it should also embrace
China as a key player. Transboundary cooperation will undoubtedly intensify in order to allocate
water resources wisely.
Concerning economic consequences arising from a dry spell, an analysis of drought impact on
the agricultural sector was carried out, and crop water requirements and relative crop yields
were evaluated. The relative crop yield or the inverse, relative crop loss, can be used to estimate
the potential economic damage. The higher the losses in production of crops due to adverse
conditions, the higher the financial burden. This is illustrated below, in which the estimation of
losses for a selection of crops is given. The analysis used climate and soil conditions
representative for each location and applied the crop water requirements approach of Food
and Agricultural Organization of the United Nations (FAO) based on the assumption of rainfed
conditions. Large red graph areas indicate high potential losses (see section 2.6).
1 Deciduous forest
2 Orchard or plantation
forest
3 Mixed forest
4 Cropland
5 Cassava
6 Sugarcane
7 Soybean
8 Para rubber
9 Apple, banana
10 Sweet potato
11 Maize
12 Mango, mangosteen
13 Coffee
14 Rice, dry, flooding
(210d)
15 Rice, wet, early
(2 seasons, 145 d)
16 Rice, wet, medium
(145–210 d)
17 Rice, wet, late (210 d)
18 Rice, dry
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2

DROUGHT IN THE LOWER MEKONG BASIN

The Regional Flood and Drought Management Centre (RFDMC) expanded its activities to include
drought and drought management operations. The suggested theme of the report builds on this
newly established task and uses the 2019 dry year to address the RFDMC’s drought activities,
the drought indicators calculated at RFDMC, and the drought-related interactions with the
countries.

2.1

Challenges in addressing drought

Drought preparedness is a mounting issue since the intensity of dry spells is expected to
increase with climate change. Drought preparedness is complex and difficult for a number of
reasons. The slow-onset characteristics of drought and the lack of a universal definition are
certainly two factors that impede drought recognition, effective and timely drought response.
Decision-makers often show inertia due to the lack of a universal definition: drought conditions
and/or severity are inhomogeneous, with different time scales for meteorology, hydrology, and
agriculture. The impacts of drought are also largely non-structural and generally cover a large
geographical area. This makes it difficult to assess effects of drought and response, and to
unambiguously link cause and effect.
In essence, drought, the gradually developing hydrological hazard, requires a coherent
approach guided institutionally by one entity that provides consistent information on various
stages of drought, meteorological, agricultural and hydrological. If this is not implemented,
there is a high risk that while a drought is well underway, costs mount, and opportunities for
proactive mitigation or adaptation are lost.
Drought develops in stages, as described in MRC (2018b):
1. Meteorological drought:
This refers to the extent and severity of drought in terms of deficits in precipitation
from average conditions, possibly combined with increased potential
evapotranspiration. The LMB locations most prone to meteorological drought are the
western area of the Khorat Plateau in Thailand and southeast Cambodia.
2. Soil moisture (or agricultural) drought:
This is a deficit of soil moisture (mostly in the root zone), which typically refers to a
reduction in the availability of soil moisture to support vegetation growth (usually
crop or pasture growth, hence the terms ‘soil moisture’, ‘drought’, and ‘agricultural
drought’ are often used interchangeably). For the LMB, agricultural drought can refer
to insufficient water to meet crop requirements and/or when the supply of water, or
condition of water, is insufficient to maintain fodder supplies and normal growth for
fisheries.
3. Hydrological or water resources drought:
This implies a departure in surface or subsurface water supplies (e.g. streamflow,
reservoir levels, groundwater level) from average conditions.

5
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4. Socio-economic drought:
This refers to the impacts of one or more of the other types of drought on
humans/communities and/or the economy, and is defined based on social
expectations, perceptions, and other impacts (e.g. employment levels, income and
debt levels, mental and physical health).

2.2

Drought-related activities at RFDMC

In recent years, drought has become an increasingly more severe threat in the LMB. Drought
events occurred in 1992–1993 in the entire LMB; in 1998–1999 with increasing intensity from
north to south; in 2003–2004 with lower intensity; in 2007–2008 with below-average flow in
the Mekong; drought occurred with increasing intensity from north to south between 2010 to
2013 and in 2015-2017, interrupted in 2014 by just one year with rainfall above long-term
average. The years between drought events seem to decrease, and dry spells increase in
duration and intensity. The year 2019 follows this trend.
In 2019, the Joint Committee as the governing body of the MRC decided to enhance the function
of the Regional Flood Management and Mitigation Centre (RFMMC) and added drought
monitoring and drought management functions to the portfolio of the centre, whose name
became the Regional Flood and Drought Management Centre (RFDMC).
Since then, the RFDMC has been the responsible entity within the Mekong River Commission
(MRC) that is engaged in drought monitoring and forecasting. The RFDMC develops reports on
its ongoing drought-related activities and enhances their tools and models towards drought
early recognition, calculating and disseminating drought indices, and further pursues the
drought assessment in the LMB.
A phase I programme, completed in 2016, included the following key tasks:
•

Review websites and literature related to drought indicators and drought monitoring
and forecasting systems being used by the Member Countries, and consult with the
line agencies in order to better understand what is being used and to qualitatively
assess strengths and weaknesses of those systems in meeting MRC objectives.

•

Review international and regional/transboundary drought monitoring and forecasting
systems to better understand what is being used and to qualitatively assess strengths
and weaknesses of those systems in meeting MRC objectives.

•

Identify data, knowledge and methodological gaps that need to be addressed.

•

Develop a concept and framework for the development of a regional drought
monitoring, reporting and forecasting system for the LMB.

•

Provide recommendations and a work plan for the implementation of the proposed
regional drought monitoring, reporting and forecasting system for the LMB.

These activities led to a substantial enhancement of mandates of the RFDMC.
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Activities framed around drought include the Drought Management Strategy (MRC,
2019d), which was finalized and published in 2019. The Strategy identified five main
clusters with specific priority areas:
•
•
•
•
•

Indicator Monitoring
Drought Forecasting and Early Warning
Capacity Building in Drought Assessment and Planning
Mitigation Measures
Information Sharing and Dissemination

While most of the priorities within the five clusters have been at the heart of the MRC’s activities
for a long time, some aspects are new; drought monitoring, forecasting and early warning are
new tasks that were assigned to the RFDMC. The aim is to closely and frequently monitor
meteorological, agricultural and hydrological drought indicators. The following indexes are
regularly published: Standardized Precipitation Index (SPI) (published weekly and monthly), soil
moisture anomaly (weekly) and the combined drought index (weekly). The calculations are
based on 100 stations along the mainstream, including 45 Hydrological Cycle Observing System
(HYCOS) stations complemented by 13 new stations being constructed in the drought-prone
areas in the Member Countries, as well as additional daily rainfall grids – PERSIANN-CCS 5 km,
Rainfall Estimates from Rain Gauge and Satellite Observations (CHIRPS) 5 km – and soil moisture
data – Flash Flood Guidance System (FFGS) and Soil Moisture and Ocean Salinity (SMOS) (Hour,
2020b). In addition, the report recommends monitoring reservoir and groundwater
levels as new variables. The rationale is that the impact of reservoirs on streamflow is
increasing and that they play a major role in water resources planning during severe and
prolonged drought periods.
Soil moisture and salinity are the most important parameters for the agricultural sector. Soil
moisture is mostly estimated through satellites and salinity through ground observations.

2.3

Data sharing mechanisms related to drought between the MRC
and the Member Countries

Data and information sharing and dissemination is part of the Drought Management Strategy
(MRC, 2019d). It entails calculating drought indicators while setting up new ground
monitoring stations equipped with telemetry function and near-real time transmission.
The monitoring of dry season flow at critical locations will be reported on monthly. This will
most likely require the update of rating curves to achieve streamflow data that are as accurate
as possible for low flow conditions. A continuous review of the rating curve will be essential to
maintain the high quality of data.
A new level of regular monitoring will be reached when groundwater monitoring is established.
They are mainly necessary in drought-prone areas in which agriculture prevails. Monitoring of
groundwater levels as daily values is the objective. Groundwater monitoring is closely linked to
the collaboration of regional and national academic research centres. Groundwater monitoring

7
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also embarks on water quality observations, which is particularly important to keep track of
salinization in the Mekong Delta.
Data management is a core element of all monitoring activities. The newly introduced system
AQUARIUS is the backbone of the data management and data sharing mechanism. The software
is being implemented, and the entire data repository will be incorporated into AQUARIUS. There
are two different ways to access data in AQUARIUS– through its graphical user interface, or
programmatically by its programming interface.
All LMB member countries have internal national data collection and data sharing mechanisms
between institutions in place that aid the country-wide coordination of drought analysis and
response. The MRC informs the member countries and the interested public through their
website, bulletins and forecasting tools. More specifically, the following mechanisms have been
listed in the national reports for the individual member countries:
Cambodia
•

The Ministry of Water Resources and Meteorology continues to collect hydrometeorological data in cooperation with Mekong countries for data and information
exchange for improving the database and the accuracy of weather- and flood
forecasting.

•

The weather radar, automatic weather stations and automatic hydrological stations are
operational and have been improved significantly since 2012.

•

During the drought events, the Ministry of Water Resources and Meteorology issues
announcements to the public through mass media, Facebook and its website. In
addition, national to sub-national communication channels are used to inform, prepare
plans and minimize drought impact and damages. This activity is achieved by requesting
action from individuals, line ministries, the Cambodian Red Cross, non-governmental
organizations (NGOs) and private sectors with their respective responsibilities.

Viet Nam
•

The main sources of data are the line agencies of the Vietnamese Government and the
local administrations.

Thailand
•

Thailand is part of the Core River Basin Management Function (CRBMF), which
coordinates (i) the exchange and monitoring of data acquired; (ii) the analysis of models
and assessments; (iii) the planning of support; (iv) forecasting, warning and emergency
response; and (v) implementation of the MRC procedures.

•

The Electricity Generating Authority of Thailand uses a telemetry system that shares
data on water management, including water quality and stream gauging functions
through its website: http://watertele.egat.co.th/PakMun.

•

National agencies work together (Office of the National Water Resources, Department
of Water Resources, Royal Irrigation Department, Thai Meteorological Department, and
Department of Disaster Prevention and Mitigation) on flood and drought disaster
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management, mitigation and early warning, including in communicating within the
country and neighbouring countries as well as the MRC.
Lao PDR
•

Collaboration with the MRC to upgrade the hydrological networks along the Mekong
River as well as its tributaries, and to share the water level and flood forecasts among
the MRC member countries

•

In collaboration with Japan International Cooperation Agency and with the support of
the World Bank, the Asian Development Bank and FAO, meteorological stations have
been upgraded to automatic weather stations, hydrological stations upgraded to
automatic water level stations, and facilities for weather monitoring and forecasting
have been upgraded.

•

Supported by the Chinese Government, the Water Resources Center has been
established, located in the Department of Meteorology and Hydrology headquarters.

2.4

Drought analysis

2.4.1 Drought analysis in the member countries
The following drought analyses have been listed in the national reports for the individual
member countries. While specific drought indicator calculations or drought classifications have
been carried out only sporadically, all LMB countries utilize rainfall, temperature and water level
data to analyse the drought situation:
Cambodia
•

Due to unevenly distributed rainfall, too little rainfall, and the late onset of the rain
season, there was a drought situation in some areas from the end of 2018 until July
2019.

•

Analyses by the Japan Meteorological Agency show that El Niño-La Niña influenced the
drought pattern.

•

Higher than average temperatures and lower rainfall occurred in 2019.

•

Based on the SPI3 index, in June and July 2019, some provinces faced normal, moderate,
severe, and extreme drought.

•

Due to low water levels in the Mekong River below the long-term average, flows to the
Tonle Sap were significantly delayed.

Viet Nam
•

According to the National Center of Meteorology and Hydrology, temperatures during
the dry season 2018–2019 were 0.5–1.0°C higher than the average long-term
temperatures.

•

At the Mekong gauge Kratie, flows in 2019 fell below the historical minimum.
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•

Salinity intrusion in the Mekong Delta occurred early, with salinity concentrations
higher than in recent years but lower than in 2015–2016.

Thailand
•

The amount of total rainfall in 2019 was about 244.3 mm, or 15% less than the longterm average (1971–2000), but with spatial variability across the country.

•

Similarly, average temperatures deviated from the historical average at +1 degree,
while a spatial variability at both higher (+4 degrees) and lower (-1 degree)
temperatures occurred.

•

Drought mostly occurred in the north-eastern part due to less rain than normal and to
low water levels in the Mekong River, as well as its tributaries with low flow values.,
which were lower than the historical minimum.

Lao PDR
•

Specific rain gauges with long-term records and ongoing monitoring by the
Meteorology and Hydrology Agency were identified within each drought management
area. These are analysed to provide drought categories (indicators of flow and water
level, reservoir storage).

•

The rainy season started later than normal throughout the country where the Mekong
River and its tributaries were unusually dry.

•

The year can be classified as a drought year because of water levels were lower than
long-term average of this period and some tributaries of the Mekong River had lower
than minimum historical water levels.

•

The drought mostly occurred in the central and southern as well as some northern parts
due to less than normal rainfall and to low flows in the Mekong River and its tributaries
(Luangprabang, Vientiane, Bolikhamxay, Khammuane, Savannakhet, Salavane and
Champasack provinces).

•

Many dams in the upstream regions of the Mekong and its tributaries had reduced
outflows due to low water levels in the reservoirs.

2.4.2 Drought analysis by the MRC
The RFDMC regularly performs drought monitoring and forecasting. Three products are
calculated:
•
•
•

Standardized Precipitation Index (SPI1) – Weekly and monthly
Soil Moisture Anomaly – Weekly
Combined Drought Index (CDI) – Weekly

SPI is calculated from the historical precipitation record, where precipitation accumulation over
a period of time is compared to that same period of time throughout the historical record at
that location. The SPI calculated is based on representing the precipitation record with a gamma
distribution. Positive SPI values represent wet conditions; the higher the SPI, the more unusually
Page 10
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wet a period of time is. Negative SPI values represent dry conditions; the lower the SPI, the
more unusually dry a period of time is (MRC, 2018b). The SPI can provide early warning when
meteorological drought conditions are developing and aid in the assessment of drought
severity. The data source used to calculate the SPI is the daily rainfall of PERSIANN-CCS with a
5 km resolution in combination with ground station data from 100 stations along the
mainstream Mekong.
Soil Moisture Anomaly (SMA) uses long-term mean and standard deviation of soil moisture and
compares current soil moisture conditions in order to derive the anomaly on a weekly basis.
The calculation is based on two sources: the soil moisture from the Flash Flood Guidance System
for current condition, and the Regional Hydrologic Extremes Assessment System (RHEAS) for
the forecast. The RHEAS is a prototype software framework for hydrologic modelling and data
assimilation that automates the deployment of water resources nowcasting and forecasting
applications. The software uses satellite data as input.
The third index is a combination of both and averages SPI and SMA. The products and
updates are available at: http://droughtforecast.mrcmekong.org/maps
The MRC RFDMC has also developed a practical and ready-to-use drought vulnerability
approach (MRC, 2019d). The approach makes use of available data and can
easily be implemented in order to rapidly obtain an overview of drought
vulnerability. A marked advantage of the approach is that it is also scalable in terms of
data used and spatial distribution. The approach is presented for the 9c9t sub-basin, which
is described in detail in section 2.6.2.
The approach is based on the assumption that rainfall, soil water holding capacity,
availability of surface water, the groundwater potential and land cover/land use are essential
parameters for assessing drought vulnerability of a particular location. The vulnerability
is calculated through a classification for each of the parameters, representing a
weighting of drought vulnerability of drought resistance. For example, the more annual
rainfall a location receives on average, the lower is the drought vulnerability. The same general
idea applies to all parameters resulting in the following classes:
•

Rainfall classification
Annual average rainfall in (mm)
>= 1,640
>= 1,520 to < 1,640
>= 1,400 to < 1,520
< 1,400

Weight
1
2
3
4
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•

Water holding capacity classification
Drainage

Weight

Very poor drainage
Moderate drainage
Good drainage
High drainage
•

1
2
3
4

Availability of surface water classification
Stream density (m/km²)

Weight

> 400
250–400
120–250
0–120
•

1
2
3
4

Groundwater potential classification
Transmissivity (m3/hr)

Weight

>= 20
>= 10 to < 20
>= 3 to < 10
<3
•

1
2
3
4

Land cover / land use classification
Land type

Weight

Water body
Shrubland, orchard, marshes/swamp area, grassland, bare soil
Forest plantation, flooded forest, broadleaved deciduous forest, broadleaved
evergreen forest, bamboo forest
Urban area, shifting cultivation, annual crop, industrial plantation, agriculture,
paddy rice

1
2
3
4

Each parameter receives its weight in the calculation.
Rainfall
2

Drainage
1.5

Surface water
1.5

Groundwater
1

The datasets and results for the 9C9T sub-basin are illustrated in Figure 3.
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Rainfall: PERSIANN-CCS mean monthly rainfall, 2003–2020

Water holding capacity – Drainage

Availability of surface water – Stream density
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Groundwater potential – Transmissivity

Land cover/land use

Figure 3.

Spatial parameters to assess drought vulnerability in the subbasin 9c9t

Figure 4 is based on the classification and weights indicating a drought vulnerability factor
between 1 (no or very low vulnerability) and 4 (high vulnerability).
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Figure 4.

2.5

Drought vulnerability map for the 9c9t sub-basin using the weighting
approach from RFDMC

Drought mechanisms and forecast

2.5.1 Possible linkages between low flows in the Mekong and dam operation
The impact of dam operation depends on the size of a reservoir. A run-of-the-river dam can
create daily fluctuations, but its reservoir is not large enough to make an impact on the
seasonality of flow of the Mekong River. Large reservoirs with a capacity close to the annual
flow, however, do have the potential to affect the typical flood pulse of the Mekong. In addition,
the purpose of a dam is a crucial point. A single-purpose hydropower dam might delay the flood
pulse, which thus affects the seasonality of flow but does not create major water losses in the
long term, except for evaporation from its surface. In contrast, water consumption purposes
such as irrigation not only delay the flow, but also reduce the amount. The impact can be
assessed when upstream and downstream observations are available.
Even though no upstream observations are available, a first assessment can be made based on
the most upstream observation station, which is Chiang Saen. The Chinese’s dam cascade is
located directly upstream of the LMB. Their reservoir size is large enough, and they have both
water consumption use and hydropower generation. Figure 5 shows the streamflow for a few
dry years at Chiang Chaen. The years 1972 to 2012 still reveal dry but normal shapes of the
annual hydrograph. A distinct change become apparent in 2016 and 2019, when the ‘dry season
flow’ equals or even exceeds the wet season flow. In the year 2019, dry and wet season flow
even reverse. A delay of flow at the beginning of the rainy season was shown in MRC (2018d),
which is attributable to the filling phase of the upstream dam cascade. During low flow
conditions, the filling phase takes longer or does not even reach the full supply level.
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For a brief discussion of the influence of dams on the flow in the Mekong, see chapter 4.2.2.4
(Lao PDR country report).
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Observed streamflow at Chiang Saen for a selection of dry years

The extensive media coverage of the 2019 conditions mostly speculated on the causes of
the drought without being able to explain the situation through reliable data sources.
These speculations can adversely affect transnational relationships. Therefore, it is crucial to
find joint solutions across borders by beginning with data sharing mechanisms and
institutional arrangements for discussions on transboundary water resources
management frameworks. This is the core competence of the MRC and should therefore be
facilitated by the Commission. Efforts in the past were successful because data sharing
between the China dam operation and the MRC started in 2020.
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2.5.2 Forecast with the RFDMC's drought forecast tool in 2019
As already introduced in section 2.4.2, the RFDMC started using the Regional Hydrologic
Extremes Assessment System (RHEAS) framework. The RHEAS was developed at the National
Aeronautics and Space Administration (NASA) Jet Propulsion Laboratory (JPL). The framework
provides nowcast and forecast data based on satellite observations and subsequent postprocessing by two model types:
Variable Infiltration Capacity
(VIC) Macroscale Hydrologic
model

A hydrological model that transforms meteorological conditions into
hydrological parameters

DSSAT

An agrotechnology transfer model that transforms hydrologic
parameters into agricultural conditions.

The most relevant parameters in the RHEAS database for the LMB are precipitation,
temperature, wind, evapotranspiration, water storage, leaf area index and soil moisture.
Various satellite-based precipitation datasets including CHIRPS, RF$2, CMORPH, GPM, and
TRMM are integrated.
Nowcasting information is generated using two datasets coming from CHIRPS and NCEP
defining the details of the outputs which is approximately 27 km x 27 km. The resolution of the
results is completely dependent on the resolution of the input information. This can be changed
when the input is downscaled, which results in a 5x5 km grid.
The VIC model was partly replaced by the IQQM model in terms of land use and water
management. The drought module and VIC are still in use in order to generate hydrologic and
drought conditions.
Currently, the following drought indices are used:
•

The Standardized Precipitation Index (SPI):
This relates to a short- and long-term meteorological drought that is calculated with an
aggregation period of 1, 3, 6 and 12 months based on precipitation in mm. It is a
dimensionless index varying between -3 and 3.

•

The Standardized Runoff Index (SRI):
This relates to a short- and long-term hydrological drought that is calculated with an
aggregation period of 1, 3, 6 and 12 months based on runoff in mm. It is a dimensionless
index varying between -3 and 3.

•

The Soil Moisture Deficit Index (SMDI):
This relates to a short-term agricultural drought that is calculated with a weekly
aggregation based on soil moisture. It is a dimensionless index varying between -4 and 4
linearly. In order to make it comparable with SPI and SRI, it can be transformed into the
range between -3 and 3.

•

The Combined Drought Index (CDI):
This index is a combination of all three previous indices – SMDI, SPI, and SRI – with
different weights according to the importance of the conditions, where SMDI obtains a

17

Mekong Annual Hydrology Report 2019
higher weight compared to SPI and SRI. It results in a dimensionless index ranging
between -3 and 3.
SPI + SRI + 1.5 • SMDI
CDI =
3.5
The forecasted CDI is available from the Mekong River Commission Secretariat (MRCS) website
(http://droughtforecast.mrcmekong.org) and an example forecast map and short
description are provided in Figure 6.

Figure 6.

Issued drought forecast information for December, week 52 of 2019

Source: http://droughtforecast.mrcmekong.org

2.6

Drought impact

The MRC (2018d) indicates that, possibly with the exception of Thailand, definitive data for
the cost of drought in the LMB are lacking, and there is very little information on the
relative costs of the four different types of drought. However, it is known that
meteorological drought has a major impact on rainfed rice production in Lao PDR,
Thailand and Cambodia (and these countries account for over 75% of total LMB rice
production).
The mostly affected sectors are shown in Table 1.
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Table 1.

Drought-affected sectors

Topic

Sector

Affected by
drought type

Parameter

Estimate of
impact

Remark

Rain-fed rice
production

Agriculture

Meteorological

Rain

78 000
tonnes lost
per year

Khorat
Plateau, TH

Fish
production

Fishery

Hydrological

Inundated
area

USD 45
million loss

Tonle Spa

Irrigated rice
production

Agriculture

Agricultural

Soil moisture,
water
availability

USD 45
million loss

Mekong
Delta

The MRC (2018d) further states that, despite the lack of concrete numbers on cost, the
relatively high frequency of droughts in the LMB (~40% of the time for Lao PDR and Thailand
and ~33% of the time for Cambodia and Viet Nam over the 1950–2004 period) and known
costs of some individual droughts for some specific locations within the LMB, suggest that the
average annual cost of drought in the LMB is greater than the average annual cost of flood
damage.
Various sectors are affected by a drought depending on its duration and intensity. The
agricultural sector, however, is the most vulnerable and important in terms of food security and
income generation in the LMB. Agriculture is a cornerstone of economic growth in the LMB,
providing livelihoods for more than 65 million people. Farming is the primary occupation of the
rural areas of each LMB country. Between 2011 and 2014, the numbers of people engaged in
farming increased in Cambodia, Thailand and Viet Nam by an average of 9 percent, to 6.9
million, whereas the total number of farmers in Lao PDR declined from 238,000 to a little
over 15,000. The most important secondary occupation is farm labour, which increased by
almost 500 percent between 2011 and 2014, to 18.6 million. This confirms the importance
of the agricultural sector in generating household income, see: https://
mrcmekong.org/our-work/topics/agriculture-and-irrigation

2.6.1 Approach to assess the impact of agricultural drought
Assessing the impact of drought is difficult. The slow onset and manifold effects of a
drought make it difficult to clearly define the efforts and costs required for an effective
mitigation of a dry situation. Therefore, data are usually not comprehensively available
for assessing the multiple effects on various sectors. A possible approach to assess the
impact of a drought is to narrow down the analysis to one sector by using a standardized
methodology that rests on available parameters. Such an approach was developed by (FAO,
1998) with respect to crop water requirements. The parameters are the following:
•

Climate conditions
o
o
o

Rainfall
Temperature
Potential evapotranspiration
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•

Soil conditions
o
o

•

Total available water (TAW)in the soil
Readily available water (RAW) in the soil

Crop water requirement (CWR)
o
o
o

Cropping patterns
Crop coefficients (Kc values)
Yield-moisture stress relationship

The terminology used stems from the FAO documentation given in FAO (1998).
The idea is to use a hydrological model to assess crop water requirements and water stress for
major crop types under various climatic and soil conditions at several locations in the LMB. The
point in calculating crop water requirements is to identify the water deficit and the susceptibility
of various crop types regarding their yield under water stress and to compare different years
with the 2019 conditions. The calculation is based on rainfed conditions without irrigation.
The knowledge of water stress, the resulting water deficit, potential irrigation demand and
related loss of yield is an important component in assessing the impact of a drought, in
particular for 2019 in comparison to other years. It would also be useful in risk-based strategic
decision-making and water allocation planning. It allows to derive the potential irrigation
demand and supports the selection of suitable crops and cropping patterns in drought
management.
The assessment was carried out with the hydrological model Talsim-NG (SYDRO, 2016), which
follows FAO’s recommendation with respect to crop water requirements. It is being used for
the 9c9t area of the LMB within the Joint Project on Flood and Drought Management between
Cambodia and Thailand (see https://icem.com.au).
The calibrated model of the 9c-9t area was used to adjust raw soil parameters taken from
www.soilgrids.org and FAO’s Harmonized World Soil Database (HWSD) and to perform
all calculations. The major crop types in the countries were selected and evaluated regarding
their drought susceptibility.
The approach was conducted exemplarily at 17 locations, each representing a particular region
within the LMB.
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Figure 7.

Selected locations for the assessment of crop water requirements in the LMB with
their average annual precipitation

The approach is limited because the selected locations may not be fully representative when
extrapolating results to the regions. However, this argument can be countered because the
approach is standard and easily replicable for more locations.
The approach consists of the following steps:
1. Obtain soil parameters from www.soilgrids.org and the FAO database for all locations.
2. Combine the respective soil parameters for each location with all crop types so that
each location obtains a hydrological response unit (HRU) for each crop type; 12 crop
types and 17 location result in 12x17 = 204 HRUs per location.
3. Create land use parameters for each crop type such as cropping patterns and Kc
values by using the recommendations of FAO.
4. Evaluate the results in terms of crop water deficits and yield on an annual basis.
5. Compare the yield for different years
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2.6.2 Results for the 9c9t sub-basin
The 9c9t sub-basin is located at the border area between Cambodia and Thailand. It covers
14,952 km2, of which 27% is located in Thailand and 73% in Cambodia. The area in Cambodia is
named the Stung Mongkul Borey sub-basin. The area in Thailand is located within two provinces
– Chanthaburi to the north and Sa Kaeo to the south.
The Cambodian part of the 9c9t sub-basin is one of the most drought-prone areas in Cambodia.
The 2015–2016 El Niño event resulted in the 3rd and 4th driest years on record and caused
critical water shortages throughout the sub-basin. According to the National Committee for
Disaster Management in Cambodia (NCDM), provinces within the sub-area including parts of
Banteay Meanchey, Battambang and Pursat were among the most affected nationally. This is
likely due to their heavy reliance on rice farming: 27% of participants surveyed during the
drought reported a loss of paddy and 27% reported crop failures. The impacts on households
included lost income and new drought-related debts. Most recently, in July 2019, water levels
of the Mekong River in Cambodia were among their lowest on record. Drought has also
impacted Thailand heavily. Thailand experienced its worst drought in decades in January 2020
(ICEM, 2020).

Figure 8.

9C9T sub-basin

Source: ICEM, 2020

The objective of hydrological modelling in the 9c96 sub-basin was to assess spatially
varying hydrological features such as specific discharge, interception, percolation to
groundwater, and response of changing land use to water requirements across the entire
sub-basin area. This required a model with a high spatial resolution. A raster-based model
with a 2x2 km cell size
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was set up for the sub-basin, resulting in 3,980 catchments. Streams and water infrastructure
within the 9c9t sub-basin were included, and the model was calibrated against the observed
streamflow at Sisophon. The model approach is illustrated in Figure 9.

Figure 9.

Model approach of the Talsim-NG model in the 9c9t sub-basin

Reliable rain data were available from 2010 to the end of 2014 and could be expanded with
data from the MRC data repository up to the end of 2019. The comparison of observed and
simulated stream flow at Sisophon is shown in Figure 10.

Figure 10.

Comparison between observed and simulated streamflow at Sisophon, 9c9t
sub-basin

Climate conditions are the drivers for the crop water requirements assessment. Precipitation,
temperature and potential evapotranspiration are illustrated below for 2015–2019. The
differences from year to year in precipitation are expectedly larger compared to temperature
and potential evapotranspiration. The year 2019 reveals that the average temperature was
almost 1°C higher compared to the average of 2015–2018. The potential evapotranspiration
was roughly 40 mm higher than the average 2015–2018. Since the calculation of the potential
evapotranspiration lacked wind and humidity data, this is most likely an underestimation.
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Year

Precipitation

Temperature

Potential
evapotranspiration.

2019

Figure 11.

Climate conditions at 9c9t, 2015–2019

The soil conditions were taken from two sources:
•
•

FAO’s HWSD
www.soilgrids.org

FAO’s HWSD is the result of a collaboration between FAO and the International Institute for
Applied Systems Analysis (IIASA), ISRIC-World Soil Information, Institute of Soil Science, Chinese
Academy of Sciences (ISSCAS), and the Joint Research Centre of the European Commission (JRC).
The Harmonized World Soil Database is a 30 arc-second raster database with over 15,000
different soil mapping units that combines available regional and national updates of soil
information worldwide (SOTER, ESD, Soil Map of China, WISE) with the information contained
within the 1:5,000,000 scale FAO-United Nations Educational, Scientific and Cultural
Organization (UNESCO) Soil Map of the World (FAO, 1971–1981) (FAO, FAO Soils Portal, 2020).
Soilgrids is a system for digital soil mapping based on a global compilation of soil profile data
(WoSIS) and environmental layers. It is made available through ISRIC. ISRIC – World Soil
Information is legally registered as the International Soil Reference and Information Centre with
the mission to serve the international community as custodian of global soil information. It is
currently the most comprehensive and detailed compilation of soil data freely available. Results
match largely with the data FAO provide, but are more detailed in terms of soil layers (ISRIC,
2020).
The total available water in the 9c9t is the result of the difference between field capacity and
wilting point in mm/m. Soil water availability refers to the capacity of a soil to retain water
available to plants. Soil drains until field capacity is reached, and with a non-linear functional
relationship between field capacity and wilting point. The non-linearity depends on the soil
texture. In addition, the water content in the root zone also decreases as a result of water
uptake by the crop. As soil moisture decreases, the remaining water is held to the soil particles
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with greater force, making it more difficult for the plant to extract it. Eventually, a point is
reached where the crop can no longer extract the remaining water. The water uptake becomes
zero when the wilting point is reached (FAO, 1998). Hence, two processes are simultaneously
active when the soil moisture is between wilting point and field capacity:
•
•

percolation at a reduced level given by the non-linear function of soil moisture;
water uptake by crop.

The crop water requirement calculation method must allow for this complex process.
Moreover, calculating atmosphere and soil-related processes simultaneously is a prerequisite
of a crop water requirement analysis. Talsim-NG has solved this problem with a modified nonlinear equation solver based on the approach of Ostrowski (2014). The non-linear soil moisture
calculation not only considers percolation and water uptake by crops (transpiration) as
moisture-dependent processes that occur at the same time, but also simultaneously calculates
all other atmosphere and soil-related processes such as interception from plant surfaces,
evaporation, capillary rise, interflow, deep interflow and groundwater recharge.
Crop information such as cropping patterns, Kc coefficients is needed in order to use the crop
water requirements approach of FAO. The yield-moisture stress relationship was taken from
FAO documentation (FAO, 1998). The limiting factor in terms of calculating crop water
requirements was the available land cover classification derived from Servir Mekong and
Landsat (ICEM, 2020b), which distinguishes up to four land use types:
1. Orchards
2. Rubber or eucalyptus plantation
3. Upland crops
4. Paddy crops /rice.

Since upland crops and paddy crops/rice can have various cropping patterns and Kc coefficients,
average cropping pattern and Kc coefficients were derived by using a set of different rice types,
fruits and vegetables. All patterns stem from the Joint Project (ICEM, 2020b) or from FAO, and
are illustrated in Figure 12.
Crop type
Orchard or plantation forest
Cassava
Sugarcane
Soybean
Para rubber mature,old
Orchards (Apple, Banana)
Sweet potato
Maize
Mango, Mangosteen
Coffee
Rice,dry,flooting (210d)
Rice,wet,early (2 season, 145d)
Rice,wet,medium (145-210d)
Rice,wet,late (210d)
Rice, dry
Cropland

Figure 12.
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1
1.20
0.30
0.00
0.83
0.95
0.80
1.10
0.88
1.69
1.05
0.00
0.00
0.00
0.00
1.46
0.84

2
1.20
0.30
0.00
1.31
0.95
0.80
1.10
1.55
1.61
1.05
0.94
0.00
0.00
0.00
0.21
0.96

3
1.20
0.30
0.65
0.91
0.96
0.80
0.95
1.29
1.27
1.06
1.56
0.00
0.00
0.00
0.00
0.82

4
1.00
0.30
0.86
0.19
0.98
0.95
0.00
0.19
1.24
1.08
1.46
0.00
0.00
0.00
0.00
0.58

5
0.90
0.30
1.13
0.00
1.00
1.10
0.00
0.00
1.19
1.09
0.21
0.94
0.00
0.00
0.00
0.65

6
0.85
0.62
1.35
0.00
1.00
1.20
0.00
0.00
2.10
1.10
0.00
1.56
0.94
0.00
0.00
0.82

7
0.85
1.08
1.56
0.00
1.00
1.20
0.00
0.00
2.46
1.10
0.00
1.46
1.56
0.94
0.00
1.04

8
0.00
1.10
1.29
0.00
1.00
1.20
0.00
0.00
2.53
1.10
0.00
0.94
1.46
1.56
0.00
1.09

9
0.00
1.10
1.20
0.00
1.00
1.20
0.00
0.00
2.28
1.10
0.00
1.56
0.21
1.46
0.00
1.04

10
0.85
1.10
0.93
0.00
1.00
1.00
0.00
0.00
2.29
1.10
0.00
1.46
0.00
0.21
0.00
0.85

11
1.00
0.91
0.63
0.00
1.00
0.85
0.00
0.00
2.50
1.10
0.00
0.21
0.00
0.00
0.94
0.78

12
1.20
0.53
0.52
0.00
1.00
0.80
1.10
0.00
1.90
1.10
0.00
0.00
0.00
0.00
1.56
0.77

Cropping patterns and Kc coefficients used in the 9c96 sub-basin

Source
FAO
JP
JP
JP
JP
FAO
FAO
JP
JP
JP
FAO
FAO
FAO
FAO
FAO
*
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All sources indicated with JP are derived from the Joint Project, (ICEM, 2020b), all others are
based on FAO (1998). The type of cropland was composed as average of cassava, sugarcane,
soybean, para rubber, orchards, rice (wet season), sweet potato, durian fruit, maize and coffee.
The crop types marked with green colour were finally assigned to 1 and 2 (=orchards/plantation
forest), 3 (=cropland), and 4 (=rice, wet, medium [145–210d]).
TAW (mm/m)

Figure 13.

Land use

Total available water (TAW) in mm/m derived from ISRIC (2020) and land
use classification from Landsat 2020

Source: (ICEM, 2020b)

A yield–moisture stress relationship recommended by FAO (1998) was used with the following
equation:
�1 −

with
-

𝐸𝐸𝐸𝐸𝑎𝑎
𝑌𝑌𝑎𝑎
� = 𝐾𝐾𝑦𝑦 �1 −
�
𝑌𝑌𝑥𝑥
𝐸𝐸𝐸𝐸𝑥𝑥

Ya: actual yield
Yx: maximum yield
Ky: yield response factor
ETa: actual evapotranspiration
ETx: crop reference evapotranspiration

This linear crop-water production function was introduced in the FAO Irrigation and Drainage
Paper No. 33 to predict the reduction in crop yield when crop stress was caused by a shortage
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of soil water. All terms in the equation are calculated during the soil moisture accounting with
the land use parameters. The advantage of the relative crop yield is to avoid the estimation of
crop yield in absolute numbers, which were not available. At any point later in time, when
absolute numbers of crop yield emerge, the actual yield can be estimated by using the results
of the relative crop yield.
The analysis of crop water requirements with the aforementioned parameters was conducted
from 2010 to 2019, then analysed on an annual basis for each grid cell and summarized for the
entire 9c9t sub-basin.
The results of the analysis on crop water requirements cover soil moisture, depletion of
moisture, crop evapotranspiration, actual crop evapotranspiration from which the crop water
deficit can be calculated, and the relative crop yield. As mentioned above, all conditions were
performed under rainfed conditions without additional water supply or irrigation. This has the
advantage that no water infrastructure or water allocation issue needs to be considered. The
water deficit and relative crop yield is shown for 2015–2019 (Figure 13).
Year

2015

2016
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Year

Deficit (mm)

Relative Crop Yield (-)

2017

2018

2019

Figure 14.

Annual deficit and average relative crop yield, 9c96 sub-basin, 2015–2019

The deficit can be interpreted as the amount of water that would be required to avoid
moisture stress and to obtain a perfect relative yield of 1. The interpretation of the relative
crop yield without irrigation demonstrates the need for irrigation and the potential
economic loss. The larger the deficit and lower the relative crop yield, the larger the impact of
the drought.
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While the colourized maps provide a quick overview of the years, a more detailed view is
needed to better distinguish the impact of a drought on crop yield. A frequency analysis was
carried out in which the water deficit and relative crop yields were subdivided into classes. The
position of the frequency distribution on the x-axis is informative. A distribution close to 0 for
deficit indicates that the crops experienced only low water stress and the yield should be higher,
hence the frequency distribution of the relative crop yield should be closer to 1.
Year

2015

2016

2017

2018
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Year

Frequency of deficit (m)

Frequency of relative crop yield (-)

2019

Figure 15.

Frequency of deficit and average relative crop yield, 9c96 sub-basin, 2015–2019

As the maps already indicated, the year 2018 shows the lowest deficit and thus has the
highest relative crop yields. There is no relative crop yield below 0.6. The year 2017 is similar to
2018 in that most deficits and relative crop yields are almost equal. However, the distribution is
broader in a negative sense turning towards higher deficits, and lower yields. 2015 and 2016
were dry years with significantly higher deficits and lower relative yields. The year 2019 is also
remarkably dry but differs from 2015 and 2016 through a less distinctive peak. It is an
exceptional year when looking at the annual numbers of rainfall, temperature, deficit and
relative yield.

Figure 16.

Annual rainfall, temperature, deficit, and relative yield for
2015–2019, 9c9t sub-basin

Although the annual rainfall in 2019 was higher than in 2017, the deficit was larger and relative
yield, smaller. The reason is the rainfall distribution within 2019, which was unfavourable from
the viewpoint of cropping patterns.
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Figure 17.

Monthly average rainfall compared to dry years 2015, 2016 and 2019, 9c9t
sub-basin

The problem is the sharp drop from September to October. All years with a strong adverse
impact on crop water deficit show this rainfall pattern.

2.6.3 Result for selected locations in the LMB
The approach demonstrated in section 2.6.2 was applied to 17 locations in the LMB. The
locations were selected to cover different regions with different climate conditions. Each
location has a modelling key and a station name derived from existing observations points of
precipitation. The modelling key and station name is used to reference results within this
section.
Table 2.

Selected locations for crop water requirement calculation in the LMB

STATION_ID
1
10901
11201
11901
120202
120520
13101
13801
130202
130505
134010
141112
150609
160611
180207
19804
210301

Modelling
Key
AQ
AH
AG
AK
AC
AA
AN
AM
AD
AE
AL
AB
AI
AO
AJ
AP
AF

STA_NAME

COUNTRY

LONG_CO*

LAT_CO*

TH.999
Pak Beng
Luang Prabang
Vien Tiane
Pailin
Cham Bac
Nakhon Phanom
Khong Chiam
Sisophon
Sondan
O Yadav
Oudor Meanchey
Sekong
Khe Sanh
Vangvieng
My Thuan
Dien Bien

Thailand
Thailand
Lao PDR
Lao PDR
Cambodia
Cambodia
Lao PDR
Thailand
Cambodia
Cambodia
Cambodia
Cambodia
Lao PDR
Viet Nam
Lao PDR
Viet Nam
Lao PDR

238033.1633
93004.73362
200214.419
247886.1693
241091.0406
589502.5955
479075.4576
553673.9582
280426.2209
527099.5227
753688.7166
339657.4278
698841.9666
684527.9178
231435.546
598556.2104
292627.7942

1846232.832
2200493.195
2202046.8
1983865.482
1422945.764
1357975.456
1923639.654
1693604.813
1505410.701
1448207.788
1512396
1568880.866
1668341.749
1839421.98
2095387.306
1135778.866
2364416.661

* WGS84 / UTM 48 (EPSG:32648)
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Land use with cropping pattern is provided in Table 3. Each of the 18 land use types is placed at
each of the 17 locations. This results in 18 HRUs at each location. Each HRU combines the soil
parameters at the respective location with one of the 18 land use types.
Table 3.

Selection of land use and crop types with Kc coefficients

Land use
Deciduous forest
Orchard or plantation forest
Mixed forest
Cropland
Cassava
Sugarcane
Soybean
Para rubber mature,old
Orchards (Apple, Banana)
Sweet potato
Maize
Mango, Mangosteen
Coffee
Rice,dry,flooting (210d)
Rice,wet,early (2 season, 145d)
Rice,wet,medium (145-210d)
Rice,wet,late (210d)
Rice, dry

Figure 18.

ID

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

1
0.15
1.20
0.90
0.84
0.30
0.00
0.83
0.95
0.80
1.10
0.88
1.69
1.05
0.00
0.00
0.00
0.00
1.46

2
0.80
1.20
0.90
0.96
0.30
0.00
1.31
0.95
0.80
1.10
1.55
1.61
1.05
0.94
0.00
0.00
0.00
0.21

3
0.90
1.20
0.90
0.82
0.30
0.65
0.91
0.96
0.80
0.95
1.29
1.27
1.06
1.56
0.00
0.00
0.00
0.00

4
0.90
1.00
0.90
0.58
0.30
0.86
0.19
0.98
0.95
0.00
0.19
1.24
1.08
1.46
0.00
0.00
0.00
0.00

5
0.90
0.90
0.90
0.65
0.30
1.13
0.00
1.00
1.10
0.00
0.00
1.19
1.09
0.21
0.94
0.00
0.00
0.00

6
0.90
0.85
0.90
0.82
0.62
1.35
0.00
1.00
1.20
0.00
0.00
2.10
1.10
0.00
1.56
0.94
0.00
0.00

7
0.90
0.85
0.90
1.04
1.08
1.56
0.00
1.00
1.20
0.00
0.00
2.46
1.10
0.00
1.46
1.56
0.94
0.00

8
0.90
0.00
0.90
1.09
1.10
1.29
0.00
1.00
1.20
0.00
0.00
2.53
1.10
0.00
0.94
1.46
1.56
0.00

9
0.90
0.00
0.90
1.04
1.10
1.20
0.00
1.00
1.20
0.00
0.00
2.28
1.10
0.00
1.56
0.21
1.46
0.00

10
0.90
0.85
0.90
0.85
1.10
0.93
0.00
1.00
1.00
0.00
0.00
2.29
1.10
0.00
1.46
0.00
0.21
0.00

11
0.90
1.00
0.90
0.78
0.91
0.63
0.00
1.00
0.85
0.00
0.00
2.50
1.10
0.00
0.21
0.00
0.00
0.94

12
0.80
1.20
0.90
0.77
0.53
0.52
0.00
1.00
0.80
1.10
0.00
1.90
1.10
0.00
0.00
0.00
0.00
1.56

Locations for the calculation of crop water requirements in the LMB
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Climate conditions were taken from MRC’s data repository and completed with monthly
temperature data from TerraClimate. TerraClimate is a dataset of climate and climatic water
balance for global terrestrial surfaces. The data have a 4-km spatial resolution and are updated
periodically. The dataset covers the period from 1958 to 2019, and is validated with a number
of ground observations from a variety of networks including the Global Historical Climate
Network.

Figure 19.

Annual RF (mm) and T mean (°C) at the 17 locations

The calculation was performed for a period of 15 years, from 2006 to 2019. Results are
depicted for 2019 and compared with long-term average conditions in order to estimate
the drought impact on the different crop types.
Water deficit (mm)
Water deficit is the difference between potential crop evapotranspiration and actual crop
evapotranspiration accumulated annually. Table 4 shows the water deficit of 2019 compared
with the long-term average water deficit. Negative values indicate worse conditions for 2019;
positive values, less water deficit in 2019. The highest deficits occur for Mango due to its high
Kc coefficients, followed by coffee, orchards and para rubber, predominantly in the most
affected dry regions. Cassava, soybean, sweet potato, and rice grown in the wet season reveal
the lowest water deficits.
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Sweet potato

Maize* (wet Season)

Mango, Mangosteen*

Coffee

Rice,dry,flooting (210d)

Rice,wet,early (2 season, 145d

Rice,wet,medium (145-210d)

Rice,wet,late (210d)

8
185
61.5
55.2
44.5
137
-64
-255
-124
-289
-528
-120
141
-81
11.1
-87
124
-63

9
283
82.4
66.6
28.7
165
1.62
-263
-85
-385
-487
-143
126
-99
43.7
-60
185
-52

10
50.9
-32
-38
-32
-2.7
65.2
22.7
0.14
-40
-7.5
-5.2
-4
-25
5.83
14.1
48
25.8

11
79.8
67.4
10.9
28.5
33.1
35.5
-105
-2.3
-175
-187
-41
89.1
-6.2
6.97
-115
139
-33

12
499
87.3
44.7
-20
111
-48
-466
-206
-469
-978
-237
215
-202
-14
-300
85.9
-234

13
207
52.8
36.8
13.1
109
-75
-306
-142
-311
-598
-140
170
-109
8.79
-127
91.1
-95

14
66.1
35.5
88.6
66.9
29.4
-20
-56
-42
-52
-109
20.3
14.5
-28
29.8
20.4
1.05
56.9

15
253
129
51.5
64.9
140
-12
-249
-69
-324
-499
-141
152
-80
4.8
-125
182
-99

16
94.3
78.4
4.77
23.9
37.5
35.8
-114
-3
-183
-198
-47
94.5
-6.7
5.65
-129
152
-41

17
18
77.9 5.9
72.8 -44
-15 -52
-39 -52
21.1 9.54
24.4 4.19
-75 -29
15.6 -45
-153 -39
-80 -96
-47 -40
61.9
39
13.4 -18
-1.5 -25
-97 -15
136 -24
-39 -44

Rice, dry

Orchards (apple, banana)*

CWD
Key
1
2
3
4
5
6
7
#AA 196 236 174 171 129 310 55.5
#AB 69.2 68.4 52.6 70.2 84.6 97.1 -39
#AC 73.8 43.1 76.2 13.5 86.5 101 -10
#AD 62.1 23.6 54.3 1.5 54.1 45.1 -0.5
#AE 117 129 113 91.4 92.6 181 13.9
#AF
-23 -73 -29 -22 31.1 7.22 58.3
#AG -160 -302 -187 -226 -100 -255 35.4
#AH
-69 -140 -72 -104 -33 -58 22.3
#AI -276 -320 -272 -282 -310 -373 -11
#AJ -397 -594 -431 -465 -249 -465 -15
#AK
-80 -141 -68 -88 -69 -127 21.1
#AL
96 172 107 134 77.2 116 -4.1
#AM -65 -100 -69 -48 -42 -96 -11
#AN 32.4 18.2 22.9 -1.5 1.05 81.3 22.5
#AO
-17 -125 -38 -81 57.1 -72 27.5
#AP 172 131 140 90.2 174 231 72.9
#AQ
-26 -90 -38 -52 -33 -11 35.1

Para rubber mature,old*

Soybean*

Sugarcane*

Cassava*

Cropland

Mixed forest*

State
Delta 2019 to Mean
Cham Bac, 120520
Oudor Meanchey, 141112
Pailin, 120202
Sisophon, 130202
Sondan, 130505
Dien Bien, 210301
Luang Prabang, 11201
Pak Beng, 10901
Sekong, 150609
Vangvieng, 180207
Vien Tiane, 11901
O Yadav, 134010
Khong Chiam, 13801
Nakhon Phanom, 13101
Khe Sanh, 160611
My Thuan, 19804
TH.999, 1

Orchard or plantation forest*

Crop water deficit in [mm]

Deciduous forest

Table 4.

Relative crop yield (Table 5) is the variable that indicates losses due to lack of water supply for
a given crop. The year 2019 is again compared with mean conditions from 2006 to 2018. The
rainfall pattern is visible in the relative crop yield and affects Lao PDR more than Viet Nam or
Cambodia. Cassava, partly sugarcane and rice (wet season) performed best in 2019, but had
significant losses in the dry region.

Mixed forest*

Cropland

Cassava*

Sugarcane*

Soybean*

Para rubber mature,old*

Orchards (apple, banana)*

Sweet potato

Maize* (wet Season)

Mango, Mangosteen*

Coffee

Rice,dry,flooting (210d)

Rice,wet,early (2 season, 145d

Rice,wet,medium (145-210d)

Rice,wet,late (210d)

Rice, dry

State
CYR
Delta 2019 to Mean
Key
Cham Bac, 120520 #AA
Oudor Meanchey, 141112 #AB
Pailin, 120202 #AC
Sisophon, 130202 #AD
Sondan, 130505 #AE
Dien Bien, 210301 #AF
Luang Prabang, 11201 #AG
Pak Beng, 10901 #AH
Sekong, 150609 #AI
Vangvieng, 180207 #AJ
Vien Tiane, 11901 #AK
O Yadav, 134010 #AL
Khong Chiam, 13801 #AM
Nakhon Phanom, 13101 #AN
Khe Sanh, 160611 #AO
My Thuan, 19804 #AP
TH.999, 1 #AQ

Orchard or plantation forest*

Relative, dimensionless crop-yield

Deciduous forest

Table 5.

1
0.16
0.03
0.05
0.02
0.08
-0.1
-0.2
-0.1
-0.2
-0.4
-0.1
0.13
-0
0.01
0.02
0.07
-0

2
0.15
0.02
0.03
0
0.07
-0.1
-0.3
-0.1
-0.2
-0.5
-0.1
0.12
-0.1
0.01
-0
0.01
-0.1

3
0.16
0.05
0.08
0.04
0.1
-0.1
-0.2
-0.1
-0.2
-0.4
-0
0.13
-0
0.03
0
0.07
-0

4
0.15
0.05
0.04
0.02
0.08
-0.1
-0.3
-0.1
-0.2
-0.5
-0.1
0.12
-0
0.01
0
0.01
-0

5
0.19
0.05
0.1
0.03
0.08
0.03
-0.1
-0.1
-0.3
-0.3
-0.1
0.12
-0.1
0.01
0.13
0.13
-0

6
0.3
0.08
0.15
-0
0.13
0.05
-0.2
-0.1
-0.3
-0.3
-0.1
0.14
-0
0.06
0.1
0.22
-0

7
0.29
0.09
0.08
0.07
0.17
0.03
-0.2
0.01
-0.1
-0.2
-0
0.08
-0
-0
0.04
-0.1
-0

8
0.15
0.04
0.05
0.03
0.09
-0.1
-0.2
-0.1
-0.2
-0.4
-0.1
0.13
-0
0.01
-0
0.04
-0

9
0.21
0.04
0.06
-0
0.11
-0
-0.3
-0.1
-0.3
-0.4
-0.1
0.15
-0.1
0.01
-0
0.07
-0.1

10
0.26
0.12
0.04
0.02
0.14
0.04
-0.2
-0
-0
-0.2
-0
0.08
-0
-0
-0.1
-0
0.04

11
0.04
-0.1
0.01
-0
-0
-0
-0.1
-0
-0.1
-0.4
-0.1
0.08
-0.2
-0
-0.2
0.05
-0.3

12
0.17
0.04
0.04
0.02
0.05
-0.1
-0.2
-0.1
-0.1
-0.4
-0.1
0.08
-0.1
0.02
-0.1
-0
-0.1

13
0.12
0.03
0.03
0.01
0.06
-0.1
-0.2
-0.1
-0.2
-0.4
-0.1
0.11
-0.1
0.01
-0
0.01
-0.1

14
0.12
0.14
0.01
-0
0.09
-0.1
-0.3
-0.1
-0.2
-0.3
-0.1
0.05
-0
-0
-0.1
0.04
0.05

15
0.13
0.04
0.03
-0
0.06
-0.1
-0.2
-0.1
-0.2
-0.4
-0.1
0.09
-0
-0.1
-0
0.07
-0.1

16
0.04
-0.1
0.01
-0
-0
-0
-0.1
-0
-0.1
-0.4
-0
0.07
-0.2
-0
-0.2
0.05
-0.3

17
0.07
-0
0
-0
0.16
-0.1
-0.1
-0.1
-0.1
-0.4
-0.1
0.11
-0
-0
-0
-0
-0.2

18
0.2
0.06
-0
-0
0.09
-0.1
-0.2
-0.2
-0.1
-0.3
-0.1
0.09
-0
0.03
-0.1
0.09
-0.1

Interpretation
The calculation of expected water deficit is an indicator for irrigation demand. In combination
with the relative crop yield, the results help understand which plant is more vulnerable to failure
and will experience higher production losses and thus imposes a higher economic risk. The
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irrigation demand, in contrast, could be used to compare available water resources to required
water resources. In essence, the crop water requirement scenarios could be used with a
seasonal forecast to predict a likely outcome of agricultural activities. If prices for crops are
available, a cost-risk analysis is feasible based on uncertainties of the forecast. For example, an
annual production of maize estimated at 1,200 tonnes and rice estimated at 11,000 tonnes in
2018 was published in FAO-GIEWS (2020). A yield loss of 10% would reduce maize to roughly
1,080 tonnes and rice to 9,900 tonnes. The economic loss depends on the market price. The
Cambodian Rice Federation provides a market price for rice to 700 to 1200 KHR per kg (CRF,
2021). A loss of 1,100 tonnes would result in an economic damage of approximately
USD 250,000 for paddy rice only using the average of 950 KHR/kg.

2.7

Runoff yield from sub-basins

The assessment of drought situation requires a very good understanding of the hydrology and
runoff processes in the LMB. Runoff or water yield of each sub-basin shows the areas which are
most drought-prone as well as the water towers of the LMB. A sub-basin with a high water yield
contributes to a disproportionately high degree to the streamflow in the Mekong, while a subbasin with a low water yield is likely to be most affected when a dry spell hits the area.
The challenge in assessing runoff yield is that a few sub-basins are gauged. In order to overcome
this obstacle, a valid approach is the use of a spatially distributed hydrological model. The
toolbox of the MRC offers an implementation of the Soil and Water Assessment Tool (SWAT)
for a continuous long-term simulation that covers the entire Mekong Basin and has a sufficient
spatial resolution. The runoff yield was calculated in a long-term simulation run, which is shown
in Figure 20.
The dark blue sub-basins show the highest runoff yield; the yellow sub-basins show the lowest
yield. The calculation is based on the water infrastructure development of 2020.
Table 6.
Country
Lao PDR
Thailand
Burma
Cambodia
China
Viet Nam
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Water yield of the LMB, by country
Runoff yield [%]
42.7
18.4
2.8
13.6
15.8
6.7
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Figure 20.

Spatial distribution of water yield in the LMB
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3

THE YEAR 2019

3.1

Tropical storms

Tropical storms and cyclones mostly enter the LMB along the coast of Viet Nam which is situated
at one of the five largest typhoon centres of the world. Observational data from 1960 to 2018
show that, on average, 5–6 tropical storms appear annually that affect the LMB. In 2019, 29
storms and depressions were listed in the Kitamoto database (http://agora.ex.nii.ac.jp/digitaltyphoon/year/wnp/2019.html.en), of which 11 came into 1,000 km proximity of the LMB (eight
storms and three tropical depressions), and four impacted the LMB significantly (Pabuk, Wipha,
Podul, and Kajiki). An overview of the migration paths and the date of occurrence of the
individual storms is given in Figure 21. (For more detailed information on the individual storms
and their intensity, refer to Chapter 4.4.2.2 “Vietnamese Country Report”).

Figure 21. Migration paths of all recorded storms and tropical depressions in 2019 in the
Kitamoto Database (grey); those affecting the LMB within 1,000 km proximity are coloured
and labelled with their name and date with the onset of the storm in 2019

(Source of storm paths from the Kitamoto database: http://agora.ex.nii.ac.jp/digitaltyphoon/year/wnp/2019.html.en, background image: Stamen Terrain)

3.2

Rainfall

The perception of the year 2019 was dominated by low water levels in the Mekong mainstream.
The analysis of rainfall conditions does not consistently confirm this. There was a wide variety
of rainfall depending on the location with far below-average conditions but also above the longterm expected rainfall.
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The northern part of the LMB, which should be the water tower (see Figure 20), received on
average less rainfall than usual, while precipitation was approximately on average south of
Thakhek with some exceptions.

Figure 22.

Annual rainfall 2019 and rainfall anomaly compared to long-term conditions
of 2006–2018 over the Lower Mekong Basin

The characteristics and comparison of long-term conditions at four stations are shown in Figure 23.
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Chiang Saen

Luang Prabang

Mukdahan

Kratie

Figure 23.

Rainfall characteristics at selected stations and comparison with 2019

Throughout the year, the north was drier than normal, with the largest deficit during the
onset of the rainy season, in particular in July. The pattern in Luang Prabang is very similar to
Chiang Saen, with an all-time low in June, a wet August, and a sharp drop again in September.
The year 2019 was wet in the area of Mukdahan. However, it was only due to an extremely
wet August that was close to an all-time high, while the other months received close to
average rainfall. Considering the entire year, Kratie was below normal due to instant drop
close to zero as of October, despite some months with slightly over-average precipitation.
All in all, the year 2019 brought about very unusual patterns and extreme fluctuations from
month to month and from north to south. The inhomogeneity was exceptional.
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Lao PDR:
Average of 25 observation stations

Cambodia:
Average of 41 observation stations

Viet Nam:
Average of 33 observation stations

Thailand: No ground station data available

Figure 24.

Average rainfall of all stations per country (2019, 2006–2018)

The country-based evaluation confirms the differences from north to south.

3.3

Hydrological conditions

3.3.1 Overview
According to the rainfall characteristics, a diverse flow situation with low flow conditions in
the north and gradually rising levels towards the south following the monthly precipitation
pattern can be expected. However, the flow patterns do not reflect expectations. At Chiang
Saen, for example, low flow conditions prevail and worsen, even when rainfall has started.
The drop in flow originates from the releases of the upstream Chinese dams.
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Figure 25.

Flow conditions at selected gauging stations in 2019

The onset of the rainy season at Mukdahan is also not visible in the flow records. The huge
rainfall peak in August causes a sharp rise of discharge beginning in Mukdahan and continuing
down to Kratie. However, no significant volume was produced due to the tremendously fast
reduction in September and October.
The flow situation at Kratie cannot entirely be explained by the rainfall pattern. Although rain
is in the average range, flow is not and remains at remarkably low levels until the peak arrives
in September.
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Rainfall pattern

Flow pattern
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Comparison of rain and flow patterns at selected Mekong stations

The water storage in the basin, feeding baseflow, emptied extremely fast at the end of the wet
season, which underlines the critical flow situation in 2019. The recession of hydrographs
compared with the range of 0.05 and 0.95 percentiles (see Figure 27) indicates a considerable
lack of baseflow. In addition, the recession curves also reveal human-induced conditions like
the ones depicted at Chiang Saen and Luang Prabang. While Chian Saen is directly impacted by
the releases from the Chinese dams, Luang Prabang, located further downstream, is situated in
the backwater area of a dam. Both stations have entirely lost their natural hydrological regime.
The impact of dams seemingly diminishes at Nong Khai and fades out at Nakhon Phanom and
Mukdahan due to lateral inflow.
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Figure 27.

Recession of hydrographs at selected Mekong stations

The epicentre of highest lateral inflow was downstream of Mukdahan, causing an almost alltime high flow at Pakse. Despite having discharges close to the 0.95 percentile, flow receded
surprisingly fast, which yet again is an evidence of the missing baseflow component.
The peak/volume graphs provide an overview of the character of the year 2019 in an easily
understandable format. The typical behaviour shows high peaks with high volumes at a station.
The peculiarity of the year 2019 becomes obvious at Pakse, Stung Treng and Kratie with the
most extreme combination ever recorded since 1980.
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Figure 28.

Peak/volume graphs at selected Mekong stations

45

Mekong Annual Hydrology Report 2019
•

Tonle Sap Lake

Satellite altimetry data from the Database for Hydrological Time Series of Inland Waters
(DAHITI) database enables a comparison between long-term historical and actual water levels
of the Earth’s major freshwater bodies. Figure 29 shows the relationship between the 2006–
2018 range and the 2019 water level of the Tonle Sap Lake. During March and April, the 2019
water level was above the median (horizontal line in the boxplots), but for the remaining
months below the median and mostly below the 25% percentile, indicating significantly drier
than usual conditions. Especially in November and December, the water level of the Tonle Sap
Lake is almost near the 2006–2018 minimum. This situation is confirmed by analyses provided
in the Cambodian country report (chapter 4.1.2.1).

Figure 29.

Seasonality of Tonle Sap Lake satellite altimetry data from DAHITI for the longterm average (2006–2018) and 2019

Source: DAHITI (2021)

3.3.2 Drought
Both soil moisture across the whole LMB and water volumes in the Mekong River define the
severity of the drought situation for the population, agriculture and livelihoods. The analyses of
the year 2019 in this chapter were carried out against the 2006–2017 period (henceforth
designated ‘reference period’) to be in line with other evaluations in this report.
Soil moisture is a very good proxy for agricultural drought. The soil moisture analysis is
carried out using the European Space Station (ESA) soil moisture product (https://esasoilmoisture-cci.org, v.04.5), which covers the globe in 25km spatial and up to daily
temporal resolution (temporal resolution varies depending on the historical period, with less
frequent observations for the earliest observations). It combines six active and passive
microwave sensors and is available in NetCDF files from 1978 onwards. The
advantages of the dataset are its comparability since it provides a similar approach and
accuracy over the whole basin and that it can cover vast areas. The disadvantages are the
varying temporal resolution over the whole time period and lack of observations for very
densely vegetated, steep mountain, ice cover (less
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important form LMB), or extreme desert areas. The data were processed and statistics were
calculated using Python with the xarray library to obtain the long-term (2009–2018) annual and
monthly average soil moisture per grid cell, as well as the annual and monthly soil moisture in
2019.
Streamflow and the hydrological conditions can be adequately analysed with the use of the
Standardized Discharge Index (SQI). The SQI is well-suited to effectively evaluate the actual river
discharge in comparison to a pre-determined reference period. The calculation of SQI follows
the algorithms of the well-known Standardized Precipitation Index (SPI) and can be calculated
for different aggregation periods. In contrast to SPI, which allows for meteorological drought
conditions, SQI indicates hydrological drought. A hydrological drought is usually preceded by a
meteorological drought followed by an agricultural drought. Thus, SQI is a strong indicator for
fully explaining water availability excluding groundwater aquifers not connected to surface
waters. The aggregation periods typically range from 1 month to show the short-term, current
situation without considering any significant water storage, up to 12 months or even multiple
years to assess the long-term behaviour of the discharge. Here, the SQI was calculated for the
gauges in the Mekong mainstream and the tributaries where adequate data were available.
Overlaying the soil moisture difference with the SQI yields hydrologically important information
and a more complete classification of the drought conditions in 2019 than a single analysis of
soil moisture or ricer discharge data can provide. Figure 30 shows both the soil moisture
situation over the whole LMB (grid cells without outline) and the SQI of the mainstream
Mekong, the Ou, Mahaxai and Kong tributaries (grid cells with thin black outline). The soil
moisture layer contains remote sensing observed values for each pixel, while the SQI was
calculated for a 12-month aggregation period and linearly interpolated between the available
eight discharge gauges. For the three tributaries, where only one station was available, the SQI
value of this station was assigned for the whole tributary of the respective station. The spatial
resolution of the SQI calculation was carried out on the same grid as the soil moisture product
to allow a seamless overlay of the data.
The first analysis is based on average annual conditions: Figure 30 shows the reference
situation, the 2019 conditions and the differences (anomalies) between 2019 and the reference
period. In the reference period, a wetter soil moisture regime prevails in the northern and
eastern region as well as in the Mekong Delta region than in the central and western areas. In
2018 (middle panel in Figure 30), the soil moisture situation follows the general spatial pattern
of the reference period. The SQI, however, shows significantly drier conditions across the
Mekong’s mainstream sections compared to the historical time period. Regarding the
difference between 2019 and the reference period, interesting patterns emerge (right panel in
Figure 30): along the whole Mekong mainstream, the difference of the SQI in 2019 to the
average of the SQI from the reference period is negative, indicating that 2019 was a drier year
than usual in terms of discharge in the Mekong. The wetter-than-usual conditions in the Nam
Ou did not alleviate the dry SQI conditions downstream of the confluence with the Mekong,
indicating that the drought conditions originated in the Mekong’s headwater region. Therefore,
the drier than usual conditions in the headwater regions have led to a low contribution of river
flows from upstream regions, causing low discharge conditions up to the Mekong Delta. Soil
moisture shows a similar picture with drier-than-average conditions almost everywhere across
the LMB, with slightly wetter than average conditions in the eastern Mekong Delta.
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Figure 30. Comparison of (a) annual long-term average soil moisture (2006–2018) and SQI
(6-month aggregation) of 2006–2018 against the total period (1990–2019); (b) soil moisture
and SQI in 2018; and (c) the percentage difference in soil moisture of 2019 and the long-term
average and SQI of 2019 against the reference period 2006–2018 in the LMB

Figure 31 reveals the actual differences in soil moisture and the SQI between the reference
period and the situation in 2019 on a monthly time step. This overlay of soil moisture and SQI
anomalies enables a quick analysis of the spatio-temporal causes and characteristics of the
hydrological situation. Please note that the scale for soil moisture is shifted towards the wetter
domain, indicating that blue pixels are twice as wet as red pixels of the same shade, while the
scale for the SQI is shifted significantly towards the drier domain. Regarding soil moisture, the
first three month of the year were generally wetter than the reference period in the northern
part of the LMB and the Mekong Delta, and significantly drier in the central part. During the
remaining part of the year, soil moisture was mostly drier everywhere, especially in Thailand in
August and December, with soil moisture being up to 55% lower than usual. Only a few isolated
spots show wetter than usual conditions, e.g. in July, August, and September. Monthly SQI from
January to April show wetter than usual conditions, but then a sharp drop of the SQI in June,
building up to very dry conditions in October. The main tributaries of the lower Mekong did not
influence the flow conditions in the mainstream in 2019: wetter than usual conditions in June,
July, October, and November in the Nam Ou, and in October in the Se Bang Fai did not even
alleviate the dry conditions in the mainstream of the Mekong. In summary, the year 2019 can
be considered a drought year for both river flow and soil moisture conditions in the LMB.
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Figure 31. Percentage difference in the monthly average soil moisture in 2019 compared
to the long-term average (2006–2018) and SQI from 2019 against the average from 2006 to
2018 in the LMB
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Significant impacts of the 2019 drought were observed throughout the LMB, even though
absolute numbers on monetary losses and socio-economic impacts are mostly lacking. Based
on the national reports, the following impacts are summarized:
Cambodia
Some provinces faced drought with a shortage of water for agricultural land, crops, animals,
and domestic water supply from January to July. Some districts, cities, and provinces reported
a shortage of domestic water supply (e.g. Khemarak Phumin city of Koh Kong, Stung Staung of
Kampong Thom province, Stung Maung Russey and Stung Sangker of Battambang, Ta Pon
reservoir of Koh Kong, Stung Mongkulborey, Trapaing Thmar reservoir of Bateaymeanchey). The
lack of water during the rainy season impacted the agricultural sector in 16 provinces (Table 7).
It was suggested that there was a need to find solutions so that rice could be cultivated in the
short flood period and to focus on the use of crops that require less water.
Table 7.

Summary of major drought events in Cambodia and their properties

Affected region

Affected rice, ha

Tboung Khmum

5,150

Kompong Cham

6,003

Prey Veng
Kandal

16,211
503

Kampong Thom
Preah Vihear

15,957
4,610

Mondulkiri
Udormeanchey

223
872

Siem Reap
Banteaymeanchey
Battambang
Pailin
Svay Rieng
Pursat

Affected crop, ha

Recovered, ha
467

648

36,410
67,681
104,718
1,610
1,736
62,381

Takeo
Kampong Chang

185
266

Phnom Penh

125

44,734

23,532
580
312

Viet Nam
Viet Nam has listed no significant drought impacts and highlights the lessons learned from
previous years that successfully mitigated the 2019 drought situation.
Thailand
The drought situation in Thailand resulted in a lack of sufficient water supply to meet domestic
and industrial water demands and water requirements for livestock and agriculture.
Consequently, there were significant and widespread impacts in villages and communities in
over 19 provinces, which eventually could lead to negative economic impacts. The Center of
Monitor and Agricultural Disaster Management reported that on 11 December 2019, about
8,325 km2 of the planting areas were affected, leading to losses of about THB 5,822 million
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(around USD 190 million). Three crop categories are impacted: rice crops, field crops, as well as
horticulture and other crops (Table 8).
Table 8.

Summary of the major crops and their area affected by drought in Thailand.

Date with
duration [d]

Affected
region

Affected number
of people

Estimated damages [currency]

Number of
casualties

JuneDecember
2019

Agricultural
disaster

-

Agricultural areas, 8,325 km2

-

-

rice crops, 6,974 km2

-

horticulture and other
crops,64 km2

-

field crops, 1,287 km2

Source: Ministry of Agriculture and Cooperatives (11 December 2019), www.oae.go.th

Lao PDR
Some of the farmers in the province’s Ken Thao district reported that they were unable to plant
rice in the 2019 season due to lack of water. The farmers estimated that the drought affected
at least 300 families in the village due to lack of water for irrigation. A steering committee was
set up to work with farmers in Xayaboury province, where only 45% of 34,000 ha of wet-season
rice fields were transplanted. The lack of rain delayed rice production in the country’s 800,000
ha of wet-season rice fields, with only 40% of transplantation completed (Vientiane Times, July
24).
Due to the impacts of drought and flooding in 2019, combined with the already low baseline
levels of household resilience among vulnerable communities, 67,800 people were expected to
be food-insecure at the beginning of March 2020. According to a household food security
assessment, food insecurity was most acute among the poor households, and those that
depend on upland rice cultivation. In consideration of the extensive crop losses and damage to
agricultural livelihoods, the households dependent on upland rice cultivation and those without
access to dry season planting would be likely to require food assistance to bridge the food gap
until the next season’s harvest around October 2020. Table 9 summarizes the historical drought
events and shows the severity of the 2019 situation in comparison to earlier events.
Table 9.

Summary of major historical drought events and their attributes in Lao PDR
Estimated
damages
(in USD or ha)

Date with
duration [d]

Affected region

Affected number
of people

Year 2003

Northern and Central

-

USD 16,500,000

Year 2007

Central

-

USD 99,969

Year 2015

Xayaburi

-

14,272 ha

Year 2019

Xaiyabouri

300 families

66,000 ha

Year 2019

In the country

67,800 people

680,000 ha
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3.3.3 Riverine floods
Similar to the Annual Mekong Hydrology Report (AMHR) 2017 and 2018, flood extent over the
whole LMB was analysed using remote sensing data, which provide useful spatial and temporal
information on the location and magnitude of flooding. In addition, due to the exceptional
drought conditions, the extent of the Tonle Sap Lake was analysed in more detail. The
Moderate-resolution Imaging Spectroradiometer (MODIS) Flood Water (MFW) and Surface
Water Product (MSW) in 250 m spatial and three-day temporal resolution was acquired from
NASA’s Near Real-Time GSFC MODIS Near Real-Time Global Flood Mapping product. 1 The maps
are still flagged as experimental but have the advantages of:
•
•
•

covering both pluvial and riverine types of flooding;
being available free of charge;
covering all regions with a similar methodology and results are hence comparable.

The main disadvantages are:
• inundation under dense vegetation and cloud cover is not visible;
• that short events (e.g. flash floods or dam breaks) are usually not depicted due to the
satellite revisiting interval of around two days;
• misclassification of water areas is possible.
Due to these disadvantages, inundation obtained from the products should be plausibilitychecked. While the MFW shows flood waters, the MSW is a product that contains the reference
water layer that shows where water occurs naturally in times of no flooding. (For
further information regarding the MODIS water products, refer to MRC (2017) and ICEM
(2020a).
All analyses in this chapter are carried out against the 2006–2018 reference period (herein
called the ‘reference period’) due to the availability of other datasets used for analysis in the
AMHR 2019. Figure 32 shows an overview map of the LMB with the maximum inundation
(black) during the reference period and the inundation in 2019 (red). According to the
analysis, the flooding situation in 2019 was less severe than during the reference period. The
Mekong Delta and the Phnom Penh region experienced significant flooding that is near the
maximum historical inundation between 2006 and 2018, but already further upstream,
the Tonle Sap shows significantly less inundation. With the exception of flooding in
Thailand (Chi River) and near Vientiane, riverine flooding was not severe upstream of
Cambodia.
Figure 33 shows the monthly distribution of flooding across the LMB. As can be expected, during
the dry season up to July, only some minor inundation was observed in the Mekong Delta and
some isolated spots, for example at reservoirs. The onset of the flooding usually occurs in
August in the Phnom Penh and Tonle Sap Lake region, but in 2019, the flooding initiated in
September. Also in September, flooding in the Chi River (Thailand) occurred. In November and
December, flood levels in 2019 were again lower than in the reference period.

1

NASA, NRT Global Flood Mapping. https://floodmap.modaps.eosdis.nasa.gov

Page 52

Mekong Annual Hydrology Report 2019
When interpreting the data, it must be kept in mind that cloud cover, especially during the wet
season, and significant vegetation may cover on-ground inundation and hamper flood water
detection.

Figure 32.

Overview of the flooding in the LMB in 2019 compared to the long-term
maximum flood extent

(Source: NASAs Near-Real-Time Global Flood Mapping, MODIS satellite, Background image/OSM, 2020)
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Figure 33.

Monthly flood extent in 2019 compared to the long-term maximum flood extent

(Data source: NASAs Near-Real-Time Global Flood Mapping, MODIS satellite, Background image: Stamen
Terrain)
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The spatial inundation conditions in the Tonle Sap Lake were analysed in more detail in Figure
34. As can be seen, the extent from January to May is in agreement with the long-term average
reference conditions. In June, this starts to decline and remains far below the historical
maximum until the end of the year. This is in good agreement with the data from satellite
altimetry (Figure 29), which also follow this described temporal pattern.

Figure 34.

Monthly surface water extent of the Tonle Sap in 2019 compared to the
2012–2018 maximum extent
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(Data source: NASAs Near-Real-Time Global Flood Mapping, MODIS satellite, Background image: Stamen
Terrain)

Despite the drier-than-usual conditions, tropical storms (mainly Podul and Kajiki) caused
flooding, which led to damages and losses of lives across the LMB. A summary of significant
flooding and its impacts based on the national reports is provided in Table 10. More details are
provided in the respective national reports (chapter 4).
Table 10.

Summary of floods and associated damages and casualties

Duration
dates

Affected
region

Affected
number of
people

From 29
August to 4
September
2019

12 regions

621,965

-

6 provinces

94,886
-

Mountainou
s region and
Mekong
Delta

35

30 August
2019

Ubon
Ratchathani,
Thailand

22,220

Estimated damages

-

Number of
casualties

32

Country

Lao PDR

67,322 houses, 7
schools, 33 health
centres, 33,502 cattle
lost, 11,409 ha of rice,
322 ha of nursery
crops, 1,169 ha of
crops, 64 km roads,
941 km of dirt roads,
233 bridges, and 157
km dams

14 deaths
and 5 injured

Cambodia

9,129 houses; 42,285
ha of agricultural
land; 9,068 livestock
lost; 25 water
infrastructures, 13 km
of embankments and
damages to traffic
infrastructure

20

Viet Nam

-

3

Thailand

3.3.4 Flash floods
Flash floods are an instantaneous, unexpected and therefore dangerous disaster, which can
have destructive and even catastrophic impacts. Flash floods occur frequently in the LMB,
especially in smaller headwater springs in mountainous regions after torrential rain events on
already saturated soil moisture conditions. Although flash floods are difficult to predict and
forecast, the MRC has in place the near real time Flash Flood Guiding system
(http://ffw.mrcmekong.org/ffg.php), which shows the risk of flash floods occurring across the
whole LMB. Despite this system being available, warnings have to reach the threatened
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communities in time, which is extremely challenging given the very short warning time window
and the rural character of regions at high risk. Therefore, flash floods also caused damages and
casualties in the LMB member countries in 2019. The tropical storms Pudul and Kajiki (see Figure
21) have mostly been the causes of the flash floods. A summary based on the national reports
is provided in Table 11, which lists the flash floods and respective damages (if available). More
details are provided in the respective national reports (chapter 4).
Table 11.

Summary of flash floods and associated damages and casualties

Duration
date

Affected region

August and
September

Kampong Thom
Preah Vihear
Preah Sihanouk
Kampot
Koh Kong
Kep
Ratanakiri
Mondulkiri
Udormeanchey
Siem Reap
Banteaymeanchey
Battambang
Pailin
Svay Rien
Phongsaly

8–10
January
2019
30 July 2019

3.4

Louangprabang

Affected
number of
people
21,411
families

Estimated damages

Country

17,226 houses, 12 houses
damaged, 76 schools, 10
pagodas, 4 health centres, 40
cattle deaths, 9,251 ha of rice
crops, 1,064 ha of crops
damaged, 35 km of roads, 315
km of dirt roads, 70 bridges,
2.5 km dams/16 deaths, 3
injured

Cambodia

-

Houses, rice stocks, property

Lao PDR

-

House, irrigation scheme,
agricultural land, USD 70,000

Lao PDR

Drought forecast, mitigation and response

In the LMB member countries, there are mechanisms that enable drought forecasts, mitigate
droughts and target country-wide and transboundary drought responses. Examples of these
measures are summarized for the different member countries:
Cambodia
The Ministry of Water Resources and Meteorology forecasts drought conditions through regionspecific phenomena from the El Niño monitoring as well as from analysing country-specific
climate data. The Department of Meteorology under the Ministry of Water Resources and
Meteorology is responsible for the monitoring, forecasting, and dissemination of data on the
weather for the short, medium and long term, through its website, Facebook, mass media,
television, newspapers, lines ministries, non-governmental organizations and local authorities.
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Cambodia’s most at-risk provinces, Kampot and Takeo, have joined forces to establish two new
provincial drought information hubs and to train farmers and local communities in climateresilient agriculture. On 21 November 2019, countermeasures were launched for securing
water for daily domestic use and other crops by restricting the second dry-period rice cultivation
because the country faced an El Niño event which was likely to aggravate water shortages
during the end of 2019 and the beginning of 2020. Koh Kong province faced significant water
shortages, which led to drinking water insecurity because a reservoir to supply water in the
province was empty. The situation was addressed with the help of Thailand’s Trat province,
which supplied water. In addition, structural countermeasures have been launched to mitigate
drought impacts (Figure 35).

(a)

(b)

(c)

(d)

Figure 35. (a) People utilizing the riverbed, ponds, and small reservoirs to increase water
retention; (b) Completion of an 11-km long, man-made canal linking the Ang Trapeang
Thmor reservoir to the Sreng River in Oddar Meanchey province to alleviate shortages
during the dry season; (c) Distribution of drinking water for the population in Phum
Rong Thmei, Khum Soeng, Srok O Chrov; (d) Six pumps and two excavators used to dig
and flood emergency canals to restore and secure rice cultivation in
Uddor Meanchey province
Future improvements are targeted under the Drought Risk Management and Mitigation Project,
in which automatic hydrological and weather stations are constructed to improve a flood
forecasting model in Pursat basin, on the Mekong mainstream, and the Bassac and the Tonle
Sap Rivers. Under the project, the water management infrastructure for rehabilitating the
Damnak Chheukrom irrigation scheme in Pursat Province is also targeted, including the
construction of a new barrage and canals to reduce flood in Pursat city and supply water for
irrigation during drought events. Also, the Ministry of Water Resources and Meteorology has

Page 58

Mekong Annual Hydrology Report 2019
plans to construct a complete irrigation system including a dam, headworks, and canal system
to convey water supply to the paddy field for agricultural farmers.
Viet Nam
With respect to the mainstream of the Mekong River, the National Centre for Hydrometeorological Forecasting (NCHMF) is responsible for forecasting at Tan Chau and Chau Doc
stations. The forecasting results are posted on the website/internet and delivered to the
respective agencies, including the Provincial Centres for Hydrometeorological Forecasting.
These provincial centres use additional data collected from regional stations, mostly located in
irrigation canals, for internal forecasts within the region.
Based on experience from the 2015–2016 drought, the Ministry of Agriculture and Rural
Development, together with the authorities and people of the Mekong Delta provinces,
developed the following plans and prevention measures: (i) adjusting the agricultural practices
by focusing on changing the area and time and type of farming; (ii) closely monitoring the flow
of water to the Mekong Delta for being able to carry out rational water use decisions; (iii) storing
water during high water levels and receding tide; (iv) dredging intake, canals, and reservoirs,
installing and operating field pumping stations, digging ponds, and constructing temporary dam
embankments to store water and prevent saline intrusion.
These measures have greatly reduced the damages caused by the drought compared to 2016
in the Vietnamese Mekong Delta.
Thailand
Early warning for flood and drought is the responsibility of the Water Crisis Prevention Centre.
The Centre draws its information from the Office of the National Water Resources, through its
telemetry system that provides information of water conditions from remote areas, and closedcircuit television, and remotely controlled systems used for monitoring actual water situations.
A mathematical model is in place that forecasts the water situation at crucial locations
(www.mekhala.dwr.go.th).
After the droughts in 2005, 2008, 2016, the Royal Thailand Government had launched various
water conservation approaches to ensure water reservoirs could maintain the demand until the
end of dry season. Recently, the irrigation infrastructure has been developed in 4.8 million ha,
or approximately 20% of total agricultural land, of which 2.88 million ha are for rice. However,
the 2019 year’s drought caused concerns for many farmers that face restrictions on crop
irrigation. They had to limit water usage and plant alternative, less water-intensive crops. The
situation is expected to also have a regional and national economic impact in 2020 since people
faced reduced income and job losses.
The National Water Resources Management Strategy has the top priority within its 20-year plan
to provide affordable drinking water at good quality and high standard country-wide and
provide water security in the production, agricultural, and industrial sector through the
restoration of water sources, supply of irrigation water, develop rainfed agricultural areas and
groundwater resources.
Thailand aims to minimize the effect of water shortage and drought disaster while educating
people on how to use water properly to minimize the losses. Additional measures to reach these
objectives are:
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•
•
•
•
•

•
•

adapting short- and long-term farming strategies;
creating public awareness regarding the drought situation especially for students and
the youth for a sustainable future drought management;
registering water users;
increasing the quantity of the stored water in all water retentions and water reservoirs;
excavating existing canals, ensuring good practice of irrigation systems, utilizing
groundwater and surface water sources and connecting them systematically, and
developing small- and medium-sized water reservoirs (e.g. the Department of Land
Development constructed about 45,000 water ponds (www.ldd.go.th), including weirs
and water distribution projects);
continuing royal rainmaking efforts;
obtaining water from external sources such as the Mekong River for Thai national
usage.

Lao PDR
The Department of Meteorology and Hydrology (DMH), located within Ministry of Natural
Resource and Environment, is responsible for forecasting weather and floods, and issuing
warning information, including precipitation and flood risk. The DMH provides hydrometeorological and forecasting information, including warning bulletins to the National Disaster
Management Committee, the Department of Disaster Management and Climate Change, and
to sub-national government bodies and the public.
A drought plan is in place that is designed to relieve both short- and long-term drought impacts.
It outlines the adjustments that the population might need to make in response to different
degrees of drought, as well as the costs of implementing each step of the drought plan and the
respective funding mechanism. In order to manage water well, the Ministry of Energy and Mines
must work closely with the Ministry of Natural Resources and Environment to monitor weather
and water forecasts, which are important information for the proper management of its dams.
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4

COUNTRY REPORTS

4.1

Cambodia

4.1.1 Introduction
Cambodia borders Thailand to the northwest, Lao PDR to the northeast, Viet Nam to the east,
and the Gulf of Thailand to the Southwest. It has 443 km of coastline along the Gulf of Thailand.
Based on the last population census in 2019, Cambodia had a population of 15.28 million
people, an area of 181,035 km2, and is divided into 25 provinces and municipalities.
Cambodia has a tropical, humid climate, and its landscape is characterized by a low-lying central
plain that is surrounded by uplands and low mountain ranges from the north to the southwest
of the country. Tonle Sap (The Great Lake) lies in the heart of the country. In the dry season, the
lake has an area of about 2,590 km², expanding to about 24,605 km² during the wet season. The
main river is the Mekong River, flowing from north to south through the country’s east. The
southern coastal region is a narrow lowland strip, heavy wooded and sparsely populated, which
is isolated from the central plain by the south-western highlands.
Floods in Cambodia have both beneficial and harmful effects. They have a positive impact on
agro-based livelihoods, for example, improving soil moisture, fertility for agriculture, and
ground and surface water recharge, and provide ecological benefits for fisheries. In certain
years, however, flooding becomes excessive and results in the loss of human life and the
destruction of crops and livestock, and damages homes and the already fragile network of
community infrastructure (e.g. schools, health centres, irrigation canals, local roads and
bridges).

4.1.2 Meteorological and hydrological conditions
The southeast monsoon season started very late in July and ended early November 2019, which
caused a water shortage for the wet season rice at the end of 2018 and for the dry season rice
in 2019. During the wet season, heavy rainfall occurred and caused flooding in some provinces
in Cambodia.
Average annual rainfall over the country in 2019 was approximately 1,648 mm, which is roughly
1.6% lower than the long-term average from 2000 to 2018 (Figure 36a). The lowest annual
rainfall was 931 mm in Pailin and highest was 5,258 mm in Koh Kong province. Due to the
tropical storms Podul and Kajiki in late August and early September 2019, annual rainfall in
northern Cambodia was higher than in the Central and Southern regions. Figure 36b shows that
the onset of some rains was delayed, and Figure 35c shows that the total sum of rains was
significantly less than in recent years.
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Figure 36. Rainfall in 2019 at (a) multiple stations compared to average conditions, (b)
Stung Treng, showing average sum of rainfall, but the delay in the onset,
(c) Koh Khel with the lowest recorded rainfall since 2010
4.1.2.1

2019 flood hydrology

The water level in the Mekong River rose rapidly in August 2019 and peak water levels at
Cambodia’s Mekong mainstream gauges are summarized in Table 12. In 2019, the river flood
on the mainstream of the Mekong River was caused by heavy rainfall upstream, which in turn
caused high discharges at Sekong, Sesan and Sre Pork in late August and early September, thus
contributing to the water level increasing up to the warning level and flood level at Stung Treng,
Kratie, Tboung Khmum, Kompong Cham, and Koh Khel station. The duration of flooding in 2019
(peak water level exceeding the warning levels) were 9 days at Stung Treng, 11 days at Kratie, 8
days at Kompong Cham, and 15 days at Koh Khel; however, at Chaktomuk, Neak Loeung and
Prek Kdam, no flooding was recorded.
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Table 12.

Peak water levels at Mekong and tributaries exceeding warning levels, 2019

Name of station
(with river)

Cause

Warning
level (m)

Peak water level
in 2019 (m) (date
in dd/mm)

Historic max.
water level
(m) with
year

Mekong-Stung Treng

Mekong flood

10.70

12.04 (07/09)

12.19

Mekong-Kratie

Mekong flood

22.00

22.73 (09/09)

23.01

Mekong-Kompong Cham

Mekong flood

15.20

15.75 (11/09)

16.11

Bassac-Chaktomuk

Bassac

10.50

9.49 (14–15/09)

11.20

Mekong-Neak Luong

Mekong flood

7.50

6.96 (17/09)

8.12

Bassac-Koh Khel

Mekong flood

7.40

7.68 (13–15/09)

7.94

Tonlesap-Prek Kdam

Tonlesap

9.50

7.97 (17–18/09)

10.26

The water flow to Tonle Sap Great Lake in 2019 started with a delay, with lower-than-long-termaverage water levels, which negatively impacted fisheries (Figure 37).
Hydrograph of Tonle Sap Lake at Kompong Luong in
2010, 2013, 2016-2019 "Zero gauge Height = +0.64 m MSL"
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4.1.2.2

2019 flash flood hydrology

Flash floods in 2019 occurred in 13 provinces due to heavy rainfall caused by the tropical storms
Podul and Kajiki. Table 13 lists the flash floods that occurred at the respective stations and date.
Table 13. 2019 flash floods
Name of river station

Cause

Last flash flood
water level at
station with date
of occurrence

Stung Chinit-Kompong Thmar

Heavy rainfall

6.13 (26/09/2019)

1

Staung-Kompong Chen

Heavy rainfall

5.46 (23/09/2019)

1

Stung Sen-Kompong Thom

Heavy rainfall

13.65 (22/09/2019)

1

Chikreng-Kompong Kdei

Heavy rainfall

8.93 (26/09/2019)

1

Sangker-Battambang

Heavy rainfall

13.57 (18/09/2019

1

Se San-Veunsai

Heavy rainfall

7.69 (22/09/2019)

1

Sre Pork-Lumphat

Heavy rainfall

14.05 (10/08/2019)

1

4.1.2.3

Number of times
flash flooding
occurred
historically

Drought conditions of 2019

Rainfall in the country was not well distributed, and drought occurred in some regions starting
in late 2018 until July 2019 due to lack of rainfall, a delayed onset of the rainy season, and
shortage of riverine water availability in that period. The Ministry of Water Resources and
Meteorology had to intervene by pumping water to the affected areas to help farmers and
other water users. According to the Japan Meteorological Agency, the El Niño Southern
Oscillation characteristics caused these conditions.

4.1.3 Impact of 2019 floods and droughts
4.1.3.1

Flood impacts

In early September 2019, Cambodia experienced flooding along the Mekong River at Stung
Treng, Kratie, Tboung Khmum, Kampong Cham, Prey Veng, and Kandal province due to
the impact of tropical storms Podul and Kajiki. The authorities focused their attention on
rescuing people and moving them to higher ground while providing food and medicine
(Figure 38). Provincial authorities deployed health staff and placed medical specialists on
standby to provide round-the-clock treatment and education for residents. The Cambodian
Red Cross also took immediate action, working in close coordination with the provincial
and district disaster management offices and local authorities to deliver basic goods
and services in the most
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effective way to the most affected people. All national partners played an important role during
the emergency response phase, working with the local authorities in the distribution of
emergency aid.
According to the National Committee for Disaster Management, the Mekong flooding affected
6 provinces, 37 districts, 201 communities, 94,336 families, 13,808 households were evacuated.
In addition, there were 14 deaths and 5 injured. Moreover, 67,322 housed were affected, 191
houses damaged, 311 school affected, 7 school damaged, 155 pagodas affected, 33 health
centres affected, 33,502 cattle affected, 32,037 ha of rice affected, 11,409 ha of rice damaged,
322 ha of nurseries damaged, 1,613 ha of crops affected, 1,169 ha of crops damaged, 64 km of
national roads affected, 941 km of dirt roads affected, 233 bridges affected, and 157 km of dams
affected. The number of affected families per region and the number of casualties are shown in
Table 14.
Table 14.

Summary of flood impacts
Affected region
Stung Treng
Kratie
Tboung Khmum
Kompong Cham
Prey Veng
Kandal

Affected
families

number

of

No. of casualties

9,403
20,078
19,927
39,372
5,766
340

5
2
6
1

Source: National Committee for Disaster Management 20 January 2020

Figure 38.
4.1.3.2

The 8 September 2019 flood in Stung Treng

Flash flood impacts

Flash floods in 2019 occurred due to the tropical storms Podul and Kajiki, as well as due to
depressions with heavy rainfall. This affected 14 provinces with 21,411 families, of whom 2,271
were evacuated. There were 16 deaths, and 3 injured. Moreover, 17,226 houses were affected,
12 houses damaged, 76 school affected, 10 pagodas affected, 4 health centres affected, 9,790
cattle evacuated, 40 cattle deaths, 53,295 ha of rice affected, 9,251 ha of rice crops damaged,
5,041 ha crops affected, 1,064 ha of crops damaged, 35 km national road affected, 315 km of
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laterite road affected, 70 bridges affected, and 2.5 km of dams affected. Table 15 provides a
summary of the affected districts and people.
Table 15.

Summary of regions and people affected by flash floods in the respective
Cambodian districts
Affected region
Kampong Thom
Preah Vihear
Preah Sihanouk
Kampot
Koh Kong
Kep
Ratanakiri
Mondulkiri
Udormeanchey
Siem Reap
Banteaymeanchey
Battambang
Pailin
Svay Rieng

Affected number of
people
1,254
5,548
1,823
4.446
75

Number of
casualties
4
2
3

2,723
896
188
915
2,019
1,400
124

1

5
1

Sources: National Committee for Disaster Management (20 January 2020)

On 10 August 2019, the National Committee for Disaster Management’s first Vice President H.E
Mr. Kun Kim inspected the flood situation in Ratanakiri province’s Kon Mom and Lumphat
districts (Figure 39a). At least 1,176 families were evacuated from the districts of Kon Mom and
Lumphat in Ratanakkiri and 2,252 other families are affected. In Mondulkiri, 307 families were
evacuated in Koh Nhek district.
In the north of the country, Sre Pork River breached its banks due to heavy rainfall and the
discharge from the Daclat Hydropower Station (Viet Nam), which caused flooding in various
regions with the maximum water level at Lumphat of 14.0 m (warning water level is 12.50 m).
(a)

Figure 39.

(b)

(a) Floods in Ratanakiri province, August 2019, (b) Affected pigs

On 10 September 2019, more than 700 pigs at a farm in Preah Vihear province’s
Tbeng Meanchey district either drowned or broke loose overnight when flash floods caused
the rapid
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rising of Stung Sen River, which inundated villages in Bramme commune. Through immediate
action by the local authorities, over 1,000 of the 3,600 pigs raised at the farm in Srepreang
village had been evacuated to higher ground (Figure 39b).
In September, heavy rainfall affected seven districts of Banteaymeanchey, and four districts of
Battambang and the maximum water level at Stung Sangker-Battambang increased to 13.90 m
(warning water level 13.80 m), also due to the opening of the gate of the multi-purpose dam of
Sek Sork.

4.1.3.3

Drought impacts and countermeasures

Climate change is impacting Cambodia through more frequent, abnormal climate events with
increasing temperatures, decreasing rainfall, and the delay of the monsoon onset – all
contributing to the occurrence of droughts.
Tonle Sap provides Cambodians with between 60 and 70 percent of their annual protein intake.
In 2019, the amount of water flooding into the Tonle Sap was low, and fishing communities had
lower fish catches than the previous years.
Some districts, cities and provinces had a shortage of domestic water such as Khemarak Phumin
city of Koh Kong, Stung Staung of Kampong Thom province, stung Maung Russey and Stung
Sangker of Battambang, Ta Pon reservoir of Koh Kong, stung Mongkulborey, Trapaing Thmar
reservoir of Bateaymeanchey.
The drought expanded into the rainy season because of the delay of the onset of rains. This had
an impact on the agricultural sector in 16 provinces, which affected 324,641 ha of rice and
damaged 67,663 ha, of which 25,539 ha of rice could be recovered; 44,734 ha of other crops
were affected and 7,746 ha damaged (Table 16).
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Table 16.

Summary of major drought events and their impacts on agriculture in Cambodia

Affected region

Affected rice, ha

Tboung Khmum
Kompong Cham
Prey Veng
Kandal
Kampong Thom
Preah Vihear
Mondulkiri
Udormeanchey
Siem Reap
Banteaymeanchey
Battambang
Pailin
Svay Rieng
Pursat
Takeo
Kampong Chhnang
Phnom Penh

Affected crop, ha

5,150
6,003
16,211
503
15,957
4,610
223
872
36,410
67,681
104,718
1,610
1,736
62,381
185
266
125

Recovered, ha
467

648

44,734

23,532
580
312

According to the drought classification based on the SPI three-month aggregated index, some
provinces faced normal, moderate, severe, and extreme drought, which was most severe in
June (Figure 40).

Figure 40.
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It was necessary to provide water for rice crops and populations. Examples of joint efforts to
this end are shown in Figure 41, spanning multiple districts and including transboundary
cooperation. The large distances between water sources makes it difficult to supply water to
these areas for agriculture. Line ministries and authorities also had to use water trucks to
distribute drinking water.

(a)

(b)

(c)

(d)

Figure 41. Drought response and mitigation examples: (a) On 20 July 2019, the officers
of Banteay Meanchey pumped water to rescue about 235 ha of rice, (b) and (c)
Rescuing rice in other provinces, (d) On 14 March 2019, Thailand’s Trat
province supplies water to Cambodia’s Koh Kong province

4.1.4 Lessons learned from the drought event and future plans
The following recommendations, adaptations and plans are considered to deal with the
subsequent occurrence of drought in Cambodia in the future:
•

The implementation of existing policies has not been completely effective, and further
attention could be given to both the water resilience policies and water resource and
climate change adaptation strategies.

•

The country needs to engage in the further development of water infrastructure and
water management for agriculture to support the sustainability of water resources and
to improve its adaptation policy.
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•

There should be no second dry season rice planting.

•

Good cooperation across country borders is extremely important for solving problem
caused by natural disasters.

•

Long-term climate change adaptation plans from the Ministry of Water Resources and
Meteorology include structural measures (see Figure 42) such as the construction of
reservoirs, dams, and canal systems for irrigation schemes with support from
government and development partners; this includes construction of new barrage,
main canals and secondary canals to reduce flood (e.g. in Pursat city) and supply water
for irrigation and intervention during drought events (Figure 42).

•

Additional automatic hydrological and weather stations and related data processing
facilities should be installed.

•

Cooperation should be strengthened with MRC and LMB member countries for the
collection of hydro-meteorological data, information exchange, and the sharing of
forecasting and management information.

•

People should find the best way for the cultivation of rice within a short period with
high yields and use more water-efficient crops.

Figure 42.
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(a) Dam gate, (b) Enlarged canal to release flood to downstream, (c) and
(d) Pumping station for interventions during drought events

Mekong Annual Hydrology Report 2019

4.1.5 Data sources
•

Data and information were provided by: the National Data Collection Expert, National
Coordinator of Cambodia National Mekong Committee, the Regional Flood Drought
Management Centre (RFDMC), and the Technical Support Division of Mekong River
Commission Secretariat (MRCS)

•

Annual Mekong Flood Reports (2012, 2013, 2015) and Flood Management and
Mitigation Programme, MRC (2016, 2017)

•

National Institute of Statistic of Ministry of Planning (March 2019)

•

Conceptual Design Report-Forecast Production and Dissemination (Final Report NFFFC)

•

Consulting Team of EPTISA and KCC, September 2016 GMS-ADB Flood and Drought Risk
Management and Mitigation Project

•

Ministry of Water Resources and Meteorology (MOWRAM)/Asian Development Report
(ADB) CDTA 7610-CAM “Cambodia Water Resources Profile”, April 2014

•

Hydro-meteorological data from the Ministry of Water Resources and Meteorology
(www.mowram.go.org; www.cambodiameteo.com; www.dhrw-cam.org)

•

Data and information from the Ministry of Water Resources and Meteorology
(MOWRAM)

•

Data and information from the National Cambodia for Disaster Management (NCDM)
website (www.camdi.ncdm.gov.kh)

•

Center For Excellence Disaster Management Reference Handbook – Cambodia 2017

•

The Thai Meteorological Department Website (www.tmd.go.th)

•

UNDP Cambodia 2019. Strengthening climate information and early warning systems in
Cambodia (https://aecnewstoday.com/author/undp)

•

Sen David, “Banteay Meanchey faces possible drought”, Khmer Times, 19 July 2019

•

Ly Livsier, “Rice fields salvaged after drought”, Khmer Times, 27 August 2019.

4.2

Lao PDR

4.2.1 Introduction
Lao PDR is a landlocked country in Southeast Asia, situated between latitudes 13º50’ and
22º30’N and longitudes 100º00’ and107º45’E, with territory covering 236,800 km². The country
is bordered by Thailand and Myanmar in the west, Cambodia in the south, Viet Nam in the east,
and China in the north. Around 80% of the area lies within the Mekong Basin and the remaining
20% drain through Viet Nam directly into the South China Sea.
The climate is governed by tropical monsoon. The rainy season starts in mid-May and lasts till
mid-October with heavy rainfall usually occurring in July, August and September. Average
annual rainfall is 1960 mm/year, which ranges from 1,400 mm in the north to 3,500 mm in the
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south. The dry season lasts from November to April with lowest temperature usually occurring
in December to February (13–17 ºC), and highest in April (35–38 ºC). In Lao PDR, floods and
droughts are the main natural disasters resulting directly from hydrological extreme events.
Due to the topography, there is a dominance of flash floods in the north, while riverine and
combined floods occur in the south. Floods are an annual threat, which claim lives and damage
infrastructure, human settlements and essential services. Droughts conditions are similar from
the north to the south, and are most likely to occur between the end of February and early May.

4.2.2 The 2019 flood and drought season
4.2.2.1

Meteorological and hydrological conditions

Average annual rainfall over the country was 18% less than the long-term average, where the
northern regions had significantly less rainfall and a higher deviation from the average than the
southern regions. Annual temperature distribution followed the seasonal pattern with lowest
temperatures during January and February (minimum of 5°C) and maximum temperatures in
April and May (maximum of 42°C).

4.2.2.2

2019 flood hydrology

The rainy season started later than normal throughout the country. During the rainy season,
the Mekong River and its tributaries were unusually dry, starting from early June. However,
some central and southern regions were impacted by storms during early August to midSeptember. Peak water levels at Lao’s Mekong main gauges and tributaries are summarized in
Table 17. Warning levels were breached only in the stations Pakse, Sebangfai at Mahaxay and
Sedone at Mhongsedone.
Table 17.

Peak water levels at Mekong and tributaries in Lao PDR exceeding warning levels,
2019

Name of station (with
river)

Cause

Warning
level (m)

Peak water level in
2019 (m) with date

Historic max.
water level (m)
with date

Luangprabang

Heavy rain

17.50

11.00 (5.8.2019)

22.36 (2.9.1966)

Vientiane km4

Heavy rain

11.50

5.40 (7.8.2019)

13.66 (14.8.2008)

Paksane

Heavy rain

13.50

8.75 (22.8.2019)

14.80 (16.8.2008)

Thakhek

Heavy rain

13.00

8.82 (6.9.2019)

14.85 (5.9.1995)

Mekong River
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Name of station (with
river)

Cause

Warning
level (m)

Peak water level in
2019 (m) with date

Historic max.
water level (m)
with date

Savannakhet

Heavy rain

12.00

8.18 (5.9.2019)

13.19 (19.8.1978)

Pakse

Heavy rain

11.00

13.75 (5.09.2019)

14.48 (17.8.1978)

Sebangfai at Mahaxay

Heavy rain

14.00

16.76 (9.9.2019)

17.57 (11.8.2011)

Sedone at Khongsedone

Heavy rain

12.3

15.50 (5.9.2019)

14.50 (8.9.1968)

Mekong’s Tributaries

4.2.2.3

Flash flood hydrology 2019

Flash floods, debris flow and land slide occurred in the mountainous areas, in the central and
southern parts of Lao PDR. The highest water level for some tributaries of the Mekong are
shown in Table 18.
Table 18.

Flash floods in Lao PDR in 2019

Name of river

Cause

Peak water level
in 2019 (m) with
date

Number of times flash
flooding occurred
there historically

Sedone at Saravan

Heavy rain

12.15 (4.9.2019)

3

Sechamphone at Kengkok

Heavy rain

10.86 (12.9.2019)

4

Tributaries of Mekong River

4.2.2.4

2019 drought conditions

This year can be classified as a drought year because water levels were lower than the longterm average, and some tributaries of the Mekong River had lower than minimum historical
water levels. The drought mostly occurred in central and southern Lao PDR, while some
northern areas were affected by a lack of rainfall, as only 83.4% of the usual rain occurred (Table
19).
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Table 19.

Droughts in Lao PDR, 2019

Name of region (with river)

Cause

Mekong River
Luangprabang
Vientiane
Paksane
Thakhek
Savannakhet
Pakse
Tributaries of Mekong River
N. Ngum at Veunkham
Sedone at Saravane

Last drought (date)

Number of times drought
occurred historically

23 March 2004

3

4 April 2004

5

9 April 1993

5

23 March 2004

5

14 April 2007

6

15 April 2007

8

13 March 1999

4

19 April 2018

1

The reasons for the drought conditions were the lack of rainfall, and the operation of the
reservoirs. Figure 43 shows the inflow and outflow volumes of selected hydropower plants and,
as can be seen, many dams reduced outflows probably because water levels in its reservoir have
dropped too low. In addition, during the wet season 2019, the Head of the Joint Working Group
on Water Resources Cooperation of LMC from China issued an official letter regarding
information of the operation of the Jinghong Hydropower Station on the Lancang River ),
mentioning that the outflow of Jinghong Hydropower Station is subject to fluctuations enable
grid maintenance. : from 5 to 9 July 2019, it gradually decreased from 1,050–1,250 m3/sec to
504–600 m3/sec; at 10 to 11 July, discharge increased slightly to 550–800 m3/sec, and then from
12–16 July, the outflow gradually decreased to 504–600 m3/sec again. Until 17–19 July, outflow
gradually increased and reached normal levels of 1,050–1,250 m3/sec. From 11–15 August,
outflows gradually decreased from 1,100 m3/sec to 600–800 m3/sec. The management of this
dam may be one of the reasons for this year's drought.
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Figure 43.

Inflow and outflow of selected hydro-power dams at tributaries of the Mekong
River in Lao PDR
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4.2.3 Impact of 2019 floods and droughts
4.2.3.1

Flood impacts

On 29 August to 4 September, tropical storm Podul caused heavy rains and flooding in 47
districts of six provinces across Lao PDR. Table 20 shows a summary of the affected regions,
people affected and casualties and Figure 44 visualizes examples of the flood impact.
Table 20.

Summary of floods and their properties

Date with
duration (d)

Affected region

Page 76

Estimated
damages
(currency)

Number of casualties

Phongsaly

350

1 (death)

Oudomxay

710

4 (death)

28

6 (missing) and 1 (death)

Houphan

On 29 August to
4 September
2019

Affected
number of
people

Luangprabang

2,391

Xiengkhouang

9

Xaiyabouly

4

1 (death)

Khammoune

43

1 (death)

Savannakhet

38,053

3 (death)

Saravanh

138,881

3 (death)

Champasack

267,249

1 (missing) and 8 (death)

Xekong

121,754

Attapeu

52,493

4 (death)
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(a)

(b)

(c)

(d)

Figure 44. (a) On 17–18 March 2019, a local storm occurred in Xaythani district and damaged
many houses; (b) On 24 April 2019, a local storm occurred in Xanasomboun district and
damaged houses; (c) and (d) On 29 August to 4 September, widespread
flooding occurred from tropical storm Podul.

4.2.3.2

Flash flood impacts

From 8 to 10 January 2019 after heavy rain, flash flooding occurred in Hatsa and other
surrounding villages. Phongsaly province was also impacted, and property, rice stocks and
houses were damaged (Figure 45a). On 30 July 2019, heavy rains in over eight villages in Nan
district, Luangprabang province caused flash flooding, which affected a house, an irrigation
scheme, and agricultural lands (Figure 45b). The damage cost was approximately USD 70.000.
(a)

Figure 45.

(b)

Flash flooding (a) in Hatsa and (b) in Nan district
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4.2.3.3

Drought impacts and countermeasures

In Lao PDR, the 2019 drought problem has severely impacted people living along the Mekong
in farming and fishing villages. The Department of Meteorology and Hydrology issued warnings
and disseminated them to the Prime Minister’s Office, government lines agencies, and the
public by telephone, fax, e-mail, WhatsApp, and its website. The warning information reached
the risk areas in a relatively timely manner. The following recommendations, adaptations and
plans should be considered in order to address the subsequent occurrence of drought in Lao
PDR in the future:
•

Communicate with the public effectively to reach all segments of society, emphasizing
that the drought plan is designed to relieve both short- and long-term drought impacts,
outlining the possible adjustments needed in response to different degrees of drought,
estimating the costs of implementing each step of the drought plan and the funding
mechanisms.

•

Implement an enhanced educational programme that goes beyond standard outreach
measures to build awareness of short- and long-term water supply issues and facilitate
better preparedness and response to drought, and highlight that drought planning must
continue during non-drought years.

•

Monitor indicators of rainfall deficit at specific rain gauges with long-term records and
indicators of flows and water levels at specific monitoring points, e.g. at reservoirs, to
determine the most appropriate abstraction volumes.

•

Implement structural measures, including using pumps to obtain access to
groundwater, using water from reservoirs, changing irrigation areas and water
allocation, using alternative sources (e.g. groundwater), reducing the field size, and
changing crops and crop yields.

•

Analyse the costs of alternative sources, e.g. the impact of a drop in the groundwater
table and the required energy costs.

•

Improve, upgrade and increase the number of, automatic observation stations and
extend the network with support from international donors.

4.2.4 Lessons learned from 2019 and future plans
The following recommendations, adaptations and plans should be considered to address the
subsequent occurrence of floods and drought in Lao PDR in the future:
•

The disaster management committee should focus on building the capacity of the local
community in flash flood preparedness, emergency responses, and flood damage data
collection techniques. These skills will help decision makers or relevant parties draft
better plans for response and protection

•

The flood forecasting system should be improved, particularly the Flash Flood Guidance
System. The national system should be linked to the regional system to ensure an
effective early warning, preparedness and emergency response. In particular, in
mountainous regions, having a Flash Flood Alert System in place is important.
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•

A steering committee to work with farmers was set up in Xayaboury province to discuss
areas of rice cultivation.

•

Disaster Management Committees are set up to provide better coordination at the
provincial and district levels for better flood preparedness and responses, the
committees provide support to local people for flood preparedness, rehabilitation, and
relief.

•

Although the years 2018 and 2019 will have one of the worst catastrophic effects on
the country, at times they are not only caused by natural circumstances. For example,
there are too many reservoirs, and when there is a rainstorm in late July to midSeptember, there were many dams that store too much water. Therefore, when storms
occur in the catchment area of the dams, in order to protect the dam, spillway gates
have to be opened to drain a lot of water from the dam, causing non-natural floods.

4.2.5 Data sources
Data and information were provided from the
• Department of Meteorology and Hydrology (DMH), National Disaster Management
Office (NDMO), Lao PDR
• Water Balance Study in the Lao People’s Democratic Republic (March 2007)
• Report on hydrological conditions from June to October 2019
• Report on hydrological conditions from October 2019 to April 2020
• 14 IWS Member Report, Lao PDR, 2019
• LAO PDR: Disaster Response Plan (August – December 2019)
• Drought conditions and management strategies in Lao PDR Report 2015.
o Dr. Mayphou Mahachaleun, Deputy of the Climate and Agro-Meteorological
Division, Department of Meteorology and Hydrology (DMH), Ministry of
Natural Resources and Environment (MONRE), Souphanouvong Avenue, Ban
Akard, Sikhottabong District, P.O. Box 2903, Vientiane Capital, Lao PDR, email:
mayphou66@yahoo.com
o Mr. Chanseng Phongpachith, Senior Expert, Agriculture and Policy Research
Center, Ministry of Agriculture and Forestry, National Agriculture and Forestry
Research Institute, 7170, Vientiane, Lao PDR.
• Data source from the Department of Meteorology and Hydrology, Climatology and
Agro-meteorology Division.
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4.3

Thailand

4.3.1 Introduction
Thailand is located in a tropical area between 5o 37′N and 20o 27′N latitudes and 97o 22′E and
105o 37′E longitudes. Its total area is 513,115 km². The five boundaries of Thailand are Myanmar
and Lao PDR in the northern part; Lao PDR, Cambodia and the Gulf of Thailand in the eastern
part; Malaysia in the southern part; and Myanmar and the Andaman Sea in the western part.
The elevation ranges from 2,595 m to sea level. According to the climate patterns and
meteorological conditions, Thailand may be divided into six parts – northern, north-eastern,
central, eastern, western and southern. The topography of each part is different. However, this
report focuses only on the part of Thailand being located in the Mekong River Basin.
This part is divided into 15 provinces, namely Chiang Rai, Mae Hong Son, Chiang Mai, Phayao,
Lamphun, Lampang, Phrae, Nan, Uttaradit, Phitsanulok, Sukhothai, Tak, Phichit, Kamphaeng
Phet and Phetchabun. Most of these areas are hilly and mountainous, and are the sources of
several important rivers. The northern and southern parts are hill ridges and follow a trajectory
from west to east. Also, they are intersected by a number of major valleys, particularly the areas
that are close to Chiang Mai, Chiang Rai, Lampang and Nan.

4.3.2 The 2019 flood and drought season
4.3.2.1

Meteorological and hydrological conditions

The climate of Thailand was influenced by seasonal monsoon winds (i.e. the south-western
monsoon and north-eastern monsoon. The south-western monsoon started in May and brought
a stream of warm moist air from the Indian Ocean towards Thailand. This caused abundant rain
over the country, especially in the windward side of the mountains. However, in total, the
annual 2019 rainfall amount was significantly less than average, with the second-lowest annual
precipitation in 69 years (Figure 46b) and 2.35 times less rainfall than the average within the
1990–2019 period (Figure 47). The average temperature was 1 degree higher than normal, with
higher temperatures across the whole country (Figure 46a).
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(a)

Figure 46.

(b)

Deviation of climate variables to long-term average (a) temperature and (b)
rainfall in Thailand

Figure 47.

Annual rainfall anomaly in 1990–2019 for Thailand

Source: Hydro Informatics Institute
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The factors influencing low rainfall in 2019 could be due to changes in sea surface temperature
around the Equatorial Pacific Ocean with about 0.5–1.0°C higher than normal (‘weak El Niño’).
Furthermore, this could be due to unusual colder sea surface temperatures around western,
south-east and eastern equatorial Indian Ocean. During the second half of 2019, the difference
between these two unusual changes in sea surface temperature was 0.4–2.1°C (“the positive
Indian Ocean Dipole”) resulting in weakened monsoon winds. Furthermore, this phenomenon
affected the direction of the south-western monsoon from the Indian Ocean, and weakened
the north-eastern monsoon from the west Northern Pacific Ocean and South China Sea that
passed over Thailand.

4.3.2.2

2019 flood hydrology

No overbank flooding occurred on the Mekong mainstream and only on 5 August it was
reported that water level passed the warning level at Khong Chiam Station, Ubon Ratchathani
province (Table 21). On 29 August 2019, tropical storms Podul hit Thailand and caused flooding
and landslides affecting 32 provinces. According to the Thai Department of Disaster Prevention
and Mitigation, approximately158,028 households were affected, and 19 deaths reported.
Damages to infrastructure and assets affected 3,818 houses, 439 schools and 57 health
facilities; 240,538 ha of crops were inundated, 1,065 prawn farms, 16,577 fish farms, and
814,816 livestock (cattle, goats, pigs and poultry). Only partial access was possible to six affected
provinces since roads were damaged and/or submerged.
Table 21.

Peak water levels at Mekong and tributaries exceeded warning levels, 2019

Name of station
(with river)

Cause

1. Chiang Sean
2. Chiang Khan
3. Nong Khai
4. Nakhon Phanom

Mekong

Warning
level (m)
11.50

Peak water level in
2019 (m) with date
-

Historic max. water
level (m) and date
14.00 m (03/09/1966)

Mekong

14.50

-

18.09 m (03/09/1966)

Mekong

11.40

-

14.18 m (10/09/1966)

Mekong

11.50

-

13.30 m (19/08/1978)

5. Mukdaharn
6. Khong Chiam

Mekong
Mekong

12.00
13.50

15.72 m (05/08/2019)

14.22 m (19/08/1978)
17.77 m (19/08/1978)

Source: MRC (2019c).

4.3.2.3

Flash flood hydrology in 2019

The MRC’s Flash Flood Guidance System depicted the impact of the storms Podul and Kajiki,
and the systems results were regularly disseminated for the local authority and public.
In early September, Kajiki moved to Thailand, which resulted in excessive flooding of areas in
Ubon Ratchathani province (Figure 48). Therefore, the emergency disaster situations were
issued for 23 districts of Ubon Ratchathani province, and there was flooding in 7 districts of Sri
Sa Ket provinces.
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(a)

Figure 48.

4.3.2.4

(b)

(a) Satellite image of the flooded areas around Moon Basin in 2019, (b) Aerial
photograph of the flooded areas in Ubon Ratchathani province in 2019

Drought conditions in 2019

In the past decade, Thailand faced severe drought events, which affected in particular
the agricultural sector (see Table 22). Due to these past events, the Royal Thailand
Government launched various water saving approaches to determine water reservoirs that
could maintain the demand until the end of the dry season.
Table 22.

Droughts in Thailand 2005-2019

Drought impacts
Approximately 11 million people in 71
provinces
Over 10 million people in the rural
agricultural regions
Large areas of the country, in
particular, the agriculture sector
In northern Thailand, parts of the LMB
were effected by drought
Large areas of the country, particularly
the agricultural sector

Cause

Last drought
(year)

Water shortages in 2005

2005

Severe drought

2008

Severe drought

2016

Rainfall late in the season and in below-average
amounts
Severe drought because
rainfall late in the season and in below-average
amounts

2018
2019

Source: Department of Disaster Prevention and Mitigation

However, the 2019 drought impacted the vast majority of Thai livelihoods. Late season rainfall
and below-average rainfall depths were caused by El Niño, but not all regions were impacted by
drought conditions. The eastern and the southern parts of Thailand were not impacted by water
shortages because there was sufficient rainfall. However, rainfall was lower in the northern and
western parts of Thailand, and in the LMB, parts were affected by drought. Drought occurred in
Thailand in 2019 as the consequence of the sharp decrease of the amount of rainwater, water
stored in reservoirs or other natural water sources. Accordingly, this resulted in lack of sufficient
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water supply to meet water requirements. Not only was rainfall low but also flow in the Mekong
River. For instance, water levels at Chiang Sean and Nakhon Phanom Stations were statistically
lower than lower mean minimum level in 1992 at 0.2 and 0.34 m., respectively (Figure 49).
(a)

Figure 49.

(b)

Water levels in 2019 at (a) Chiang Sean (b) Nakhon Phanom

Source: Mekong River Commission webpages

Table 23 shows that Mekong River water levels in 2019 were lower than historical minimum
water levels.
Table 23.

Minimum water levels at Mekong and tributaries

Name of station
(with river)
1. Chiang Sean
2. Chiang Khan
3. Nong Khai
4. Nakhon Phanom
5. Mukdaharn
6. Khong Chiam

Cause
Mekong
Mekong
Mekong
Mekong
Mekong
Mekong

Historic min. water level (m)
and date
0.20 m (28/05/1992)
1.91 m (04/04/2003)
0.51 m (05/04/2003)
0.34 m (15/04/1992)
0.97 m (02/04/2003)
1.11 m (03/04/2003)

Min. water level (m)
at station, in 2019
1.92
0.33
0.18
0.72
1.02

Source: Mekong River Commission webpages

4.3.3 Impact of floods and droughts in 2019
4.3.3.1

Flood impacts

The Department of Disaster Prevention and Mitigation reported that tropical storms Podul and
Kajiki caused landslides as well as water levels in rivers and canals to rise rapidly on 29–30
August 2019 in the north-east, such as in Ubon Ratchathani (Figure 50).
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Figure 50. Occurrence of flood in Ubon Ratchathani province (Source:
www.thairath.co.thnews/local/northeast/1649853)

Floods in 2019 over Ubon Ratchathani killed three people as the storms Podul and Kajiki passed
through Thailand and impacted about 42,383 families, 102,328ha of agricultural land, 182
roads, 27 bridges, 3 barrages, 98 temples, 3 community hospitals, 74 schools, and 61 evacuation
points (Source: www.thaiwater.net)

4.3.3.2

Flash flood impacts

No significant flash floods were reported in 2019.

4.3.3.3

Drought impacts and countermeasures

The 2019 drought is visualized by almost dry riverbeds, canals and agricultural fields (Figure 51).
It significantly impacted agricultural practices. Farmers faced restrictions on crop irrigation: they
had to limit water usage or plant alternatives and less water-intensive crops. Table 24
summarizes the drought damages to agricultural crops. It is expected that this will lead to severe
economic impacts.

Figure 51.

Lack of water in (a) natural rivers, (b) canals (c) agricultural fields

(Source: www.onep.go.th, www.thairath.co.th)
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Table 24.

Summary of major drought events in Thailand and their attributes

Date with
duration [d]

Affected
region

Affected number
of people

June–December
2019

Agricultural
disaster

-

Estimated damages
Agricultural areas, 8,325 km2:
-

rice crops 6,974 km2

-

horticulture and other
crops 64 km2

-

field crops 1,287 km2

Source: Ministry of Agriculture and Cooperatives (11 December 2019), www.oae.go.th

4.3.4 Lessons learned from 2019 and future plans
The following recommendations, adaptations and plans are considered to deal with the
subsequent occurrence of floods and droughts in Thailand in the future:
•

•
•

Implement the National Water Resources Management Strategy (2018–2037), aimed
at the provision of consumable water for communities country-wide, ensuring water
security in the production sector, minimizing impact from flooding, setting water quality
standards, and establishing sustainable water management in a cooperative and
efficient manner.
Establish 2020 flood and drought management plans.
Establish the Office of the National Water Resources, which must collaborate with all
water resources management organizations, such as the Disaster Prevention and
Mitigation Division, the Water Crisis Prevention Center (WCPC), the Department of
Water Resources, the Hydro Informatics Institute (HII), the Geo-Informatics and Space
Technology Development Agency (GISTDA), and the Electricity Generating Authority of
Thailand (EGAT).

•

Rehabilitate medium and steep slope areas, resettle communities and take specific
construction measures to rehabilitate affected areas.

•

Implement structural measures to protect against flooding (efficiency of drainage,
water diversion, catchment use, development and management of water storages in
upstream areas).

•

Ensure land use control and urban planning by integrating flood mitigation measures
into all forms of urban planning.

•

Implement short-term and long-term farmer adaptation strategies to mitigate the
effects of drought.

•

Create public awareness regarding the drought situation.

•

Improve the flood forecasting and early warning system.

•

Implement flood relief measures such ensuring sufficient storage capacity is available
in the reservoir during flood conditions for being able to control the amount of flow
released by keeping water in the reservoir. Implement measure to restrict the flow of
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the river by creating water barriers or canals; improving river channel conditions and
flow conditions; and draining water from critical locations.
•

Further improve the artificial rain method, in particular targeting rice fields.

•

Use artificial intelligence technologies to analyse data and forecast the hydrological
situation.

•

Recognize the importance of national water resources management and its reform,
which is an important lesson from the 2019 drought.
A large number of projects have been implemented to increase water retention
capacity, to improve irrigation systems and groundwater use such as: the ‘Kaem Ling’
His Majestic the King Rama IX water reservoir project; building more dykes; and
excavating the existing canals and digging new ones for storing and draining water and
expanding drainage channels.

•

Launch the forest restoration campaign to promote both perennial trees and fastgrowing trees in order to increase the forest area, which it is the most crucial resource.

•

Educate people on how to use water properly in order to minimize losses. Water
resources will be conserved and restored in order to save the natural resources for the
next generation.

•

Hold ongoing and further discussions on the release of water from upstream dams with
Chinese authorities, a transboundary issue.

It is planned that structural projects will be completed in 2022 with an expected capacity of
water at about 4,700 million m³, a water volume from which up to 1.1 million ha would benefit.
All actors must cooperate with other sectors to plan for future drought disasters. Cooperation
between all relevant organizations would lead to the most effective water management.

4.3.5 Data sources
•

Data and information, advice and recommendations were provided by: Mrs. Puttikul
Tongnuesook, National Technical Coordinator, Thai National Mekong Committee
Secretariat (TNMCS), Office of the National Water Resources (ONWR)

•

Department of Disaster Prevention and Mitigation (DDPM). National disaster Risk
Management Plan. Ministry of Interior, Thailand. Available at: www.disaster.go.th

•

Department of Water Resources (DWR). Ministry of Natural Resources and
Environment, Thailand. Available at: www.dwr.go.th

•

Electricity Generating Authority of Thailand (EGAT). Ministry of Energy, Thailand.
Available at: www.egat.co.th/

•

Geo-Informatics and Space Technology Development Agency (Public Organization),
(GISTDA), Thailand. Available at: www.gistda.or.th; http://negistda.kku.ac.th

•

Hydro Informatics Institute (Public Organization) (HII), Thailand. Available at:
www.hii.or.th; www.thaiwater.net
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•

Land Development Department (LDD). Agricultural Risk Prevention. Ministry of
Agriculture and Cooperatives, Thailand. Available at: www.ldd.go.th

•

Mekong River Commission (MRC). Available at: http://ffw.mrcmekong.org/ffg.php

•

Office of the National Water Resources (ONWR). Office of Prime Minister, Bangkok,
Thailand. Available at: www.onwr.go.th

•

Royal Irrigation Department (RID). Ministry of Agriculture and Cooperatives, Thailand.
Available at: www.rid.go.th

•

Somphinith Muangthong. 2017. Thailand Country Flood Report for 2015: 10-year
lessons learnt of annual flood experiences. Report submitted to Technical Support
Division (TD), Mekong River Commission Secretariat. 25 pp.

•

Somphinith Muangthong. 2017. Thailand Country Flood Report for 2016: Emerging
technology to cope with floods. Report submitted to Technical Support Division (TD),
Mekong River Commission Secretariat. 34 pp.

•

Somphinith Muangthong. 2018. Thailand country drought report for support and
formulation: MRC Drought Management Strategy 2019–2023. Report submitted to
Mekong River Commission, Drought Management Team (DMT), Technical Division. 38
pp.

•

Somphinith Muangthong. 2019. Thailand Country Flood Report for 2017: Aspect of
hydrology and extreme weather phenomena in flood forecasting over the LMB. Report
submitted to Technical Support Division (TD), Mekong River Commission Secretariat. 21
pp.

•

Somphinith Muangthong.2019. Thailand Country Annual Hydrology, Flood and Drought
Report 2018. Report submitted to Technical Support Division (TD), Mekong River
Commission Secretariat. 61 pp.

•

The Policy Committee for Water Resources Management (PCWRM). 2015. The Strategic
Plan on Thailand’s Water Resources Management. Executive Summary, Bangkok,
Thailand.

•

Thai Meteorological Department (TMD). Ministry of Information and Communication
Technology, Thailand. Available at: www.tmd.go.th

•

Tipaporn Homdee. 2017. Report on Flooded Data Collection in Thailand for Mekong
Annual Flood report in 2015 and 2016. Faculty of Engineering, Nakhonphanom
University, Thailand. 12 pp.

4.4

Viet Nam

4.4.1 Introduction
Two regions of Viet Nam are part of the Mekong River Basin – the Mekong Delta and the Central
Highlands. The Vietnamese part of the Mekong Delta covers an area of about 39,000 km². The
Mekong Delta lies within the humid tropics, characterized by consistently high mean monthly
temperatures (25–29°C) and high but seasonal rainfall (1,200 – 2,300 mm). Seasonal climatic
variations are predominantly controlled by the Asian monsoons: during the wet season from
May to November, dominant winds occur from the southwest, bringing over 90% of the annual
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total rainfall. The dry season from December to April is characterized by long hours of sunshine
and higher temperatures; the wind direction is mainly from the northeast.
The general features of geography and topography of the Central Highland region and its
climate conditions present a combination of tropical heat and humidity with refreshing coolness
typical in high altitude plains. This is most favourable for diverse agriculture with both food
crops and cash crops. The basin topography is complex with distinctive high and low reliefs. The
northern high relief on granite bedrock has an elevation gradient from 2,598m down to 300 m.
The river valley topography is fairly flat and suitable for agricultural and aquacultural
development.

4.4.2 The flood and drought season
4.4.2.1

Meteorological and hydrological conditions

In 2019, severe cold spells occurred with low frequency and for short periods, while heat waves
were not very harsh. Tropical storms and depressions occurred in the East Sea and with a higher
number than the long-term average in Viet Nam. Heavy rains occurred in both north and central
Viet Nam with new records set for flash floods, landslides, and serious floods. In the Mekong
Delta, riverbank erosion caused damage to infrastructure.
In both the Central Highlands and the Mekong Delta, average monthly temperatures were 0.5–
1.5°C higher than the long-term average, and 2019 is considered a hotter year than any other
year in the southern region. Nevertheless, there were less heat waves (15) across the country
than the long-term average (16–17).
In central Viet Nam, the first heat wave occurred in the last days of March, which is about one
month earlier than usual. The last heat wave of the year ended in the middle of September
which is consistent with historical conditions.
In 2019, large-scale, heavy rains occurred in a short time window. This is the main driver for
floods and flash floods that led to serious damages.
In Viet Nam’s LMB regions, the rain season started late and ended earlier than the long-term
average conditions. Particularly in August (the peak period of the rainy season), the total
rainfall in the Central Highlands and the south was 20% to 50% higher than the long-term
average. In other months, the rainfall is often lower than the long-term average. The total
annual rainfall in the Central Highlands and the South in 2019 was 10–25% lower than the
long-term average (Figure 52).
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Figure 52.

Total rainfall (left) and rainfall in 2019 (right)

(Source: Institute of Hydrology – Meteorology Science and Climate Change 2019)

4.4.2.2

Typical storms and tropical depressions in the Northwest Pacific

In 2019, the number of storms that occurred in the Northwest Pacific region is higher than the
long-term average. The monthly distribution of the storms and their severity classification is
shown in Table 25.
Table 25.

Typical storms and tropical depressions in the Northwest Pacific

Months

1

2

3

4

5

6

Tropical depression
Storm (level 8–11)

1

1

7

8

1

1

4

2

2

1

1

2

3

1

4

1

1

2

1

6

6

4

6

Typhoon (level 12–15)
Super typhoon (≥ level 16)
Total

1
1

1

1

5

9

10

11

12

Total
2
12

1

11
6

1

31

Storms and tropical depressions that occurred in the Northwest Pacific region in 2019 started
from the first week of January with Pabuk in the South China Sea and ended with Phanfone in
the South-Eastern Sea of the Philippines on December 22. Thus, the activities of storms and
tropical depressions started early and ended late. Storms and tropical depressions were mainly
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concentrated between July and November, while there were no storms from March to May.
(For a summary of the tropical storms and their duration, see Table 26.)
Table 26.

List of tropical storms that entered Viet Nam in 2019

TS

Intl.
number
1901

TY

1902

Wutip

105

01h/20/02

8

TS

1903

Sepat

40

19h/27/06

1

TS

1904

Mun

35

19h/02/07

2

TS

1905

Danas

45

13h/16/07

4

30

19h/17/07

2

Type

Intl. name

Vmax (knots)

Papuk

45

Start
(hour/day/month)
13h/01/01

TD

Duration (d)
4

TS

1906

Nari

35

01h/26/07

2

TS

1907

Wipha

45

01h/31/07

4

TY

1908

Francisco

70

19h/02/08

5

TY

1909

Lekima

105

13h/04/08

8

TY

1910

Krosa

85

13h/06/08

10

25

19h/06/08

2

TD
STS

1911

Bailu

50

13h/21/08

4

TS

1912

Podul

45

07h/28/08

2

TS

1914

Kajiki

30

19h/02/09

1

TY

1913

Lingling

95

07h/02/09

6

TY

1915

Faxai

85

01h/05/09

5

TS

1916

Peipah

35

07h/15/09

2

TY

1917

Tapah

65

07h/19/09

4

TY

1918

Mitag

75

07h/28/09

6

TY

1919

Hagibis

105

01h/06/10

7

TY

1920

Neoguri

75

07h/17/10

4

TY

1921

Bualoi

100

13h/19/10

6

STS

1922

Matmo

50

01h/30/10

2

TY

1923

Halong

115

19h/02/11

7

TY

1924

Nakri

65

19h/05/11

6

TY

1925

Fengshen

85

13h/12/11

5

TY

1926

Kalmaegi

65

07h/13/11

7

STS

1927

Fungwong

55

07h/20/11

2

TY

1928

Kammuri

90

07h/26/11

10

TY

1929

Phanfone

80

07h/22/12

6

Note: The most significant storms that affected Viet Nam are given in bold.
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4.4.2.3

2019 flood hydrology

Riverine floods were mainly small and medium during the wet season in the central highlands,
but floods and landslides occurred in some provinces. In the Mekong Delta, the flood season in
2019 in the Cuu Long River arrived about a month later than usual. Due to the lack of
precipitation in the upper Mekong region, the water level of the Mekong River fell quickly
and remained at the lowest level on record (Figure 53).
From the end of August, floods on Tien and Hau Rivers rose quickly due to upstream floods
combined with high tide. By the second half of September, floods at the headwaters of the Cuu
Long River reached the annual flood peaks, 3.63 m in Tan Chau (17 September), and 3.16 m in
Chau Doc (28 September), both above alarm level 1 and lower than the average peak of many
years. After the peak, the floods at the headwaters of the Cuu Long River receded quickly.

Figure 53.

Water level at Kratie, 2019

4.4.3 Impact of 2019 floods and droughts
Damages and losses caused by riverine flooding, flash floods, landslides and droughts are mainly
caused by abnormal rainfall and unfavourable hydrologic conditions. However, human
negligence, lack of understanding of natural disasters, the set-up of infrastructure and
agriculture in unfavourable conditions, mining and timber production can worsen
natural disasters.
The year 2019 was a year with natural disasters, including extreme and abnormal conditions.
Coastal erosion is serious in the Mekong Delta, but is not further discussed in this report.
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4.4.3.1

Flood impacts

Losses of lives and damage to properties and infrastructure in the LMB part of Viet Nam in 2019
are summarized in Table 27.
Table 27:
ID
1
1.1
1.2
1.3
2
2.1
2.2
2.3
2.4
2.5
3
4
6
6.1
6.2
6.3
6.4
6.5
6.6
7
7.1
7.2
8
8.1
8.2
8.3
8.4
9
10
10.1
10.2

Summary report on main damages in 2019 in Viet Nam’s Mekong Delta and
Highland areas of the LMB
Damage indicators

HUMAN
Number of deaths:
Number of missing people
Number of injured
HOUSING
Total damage (over 70%)
Very heavy damage (50–70%)
Severe damage (30–50%)
Partial damage (less than 30%)
The house is flooded
EDUCATION
MEDICAL
AGRICULTURE, FORESTRY
Rice area
Area of crops and vegetables
Area of perennial crops
Annual crop area
Area of concentrated fruit trees
Salt field
LIVESTOCK
Cattle died, swept away
Dead poultry, swept away
IRRIGATION
Sluice
Irrigation dam
Other irrigation works
Seashore, river, stream eroded
TRAFFIC (highways)
FISHERIES
Traditional fish farming area
Aquatic and marine products equipment
Total damage

Unit

Highland

Delta

Person
Person
Person

10
0
1

9
1
34

House
House
House
Time
Location
Location

2
0
10
192
1,200
10
3

363
1,052
373
2,511
4,452
12
1

ha
ha
ha
ha
ha
tons

14,127
5,495
1,667
289
1
0

20,089
469
0
0
148
10

Number
Number

302
7,091

0
1,675

Structure
Structure
m
m

12
4
9
3,100
0

0
0
0
4,474
5,000

ha
Equipment
VND billion

100
0
1,085

9
80
126

Sources: The Southern and the Central Departments for Natural Disaster Prevention and Control (2019)

The National Center for Hydrometeorology closely monitored the situation of meteorology and
hydrology throughout the country, and detected and forecast weather phenomena and
dangerous hydrological events in a timely manner. For forecasting, coordination is needed
between all data providers, institutes and departments involved. The Centre also works closely
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with non-industry agencies related to disaster prevention, for example, the mass media – Voice
of Viet Nam, Viet Nam Television, and daily newspapers – for the prevention and mitigation of
damages caused by storms. Early warning has been given special attention, and the content of
bulletins has been continuously improved to suit the nature of each type of natural disaster.
Improving the quality of large-scale rain bulletins and forecast reports to meet the requirements
of natural disaster prevention and social agencies remains the biggest task of the National
Forecasting Centre. Most large-scale heavy rains have been described and forecasted as
detailed as possible down to smaller areas. Most large-scale heavy rains were forecasted 2-3
days in advance, which made an important contribution to the prevention and mitigation of
damages caused by natural disasters.

4.4.3.2

Flash flood impacts

A flash flood occurred on the morning of 3 August in Sa Na Village, Na Meo Commune, Quan
Son District in Thanh Hoa Province, which washed away more than 20 houses, causing
casualties and missing people.
The danger of, and continuous losses from, flash floods make it necessary to pay more
attention to them in the Central Highlands, for example by providing training on flash flood
forecasting and by improving the MRC-Flash Flood Guidance System (FFGS) to help people
reduce damages.

4.4.3.3

Salinity intrusion

The dry season 2018–2019 caused saline intrusion in the Mekong Delta with higher
salinity concentrations than in recent years but lower than in 2015-2016 (Figure 54).
Salinity concentrations as well as “depth” (=inland distance) of salinity intrusion varied by
river and season. Table 28 shows a summary of the salinity intrusion at three locations.
Table 28.
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Salinity intrusion depth for three locations at the Viet Nam coastline in 2019
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Figure 54.

4.4.3.4

Salinity concentration along Viet Nam coastal rivers in March 2019

Drought impacts and countermeasures

The average flow during the dry months in most rivers in the northern Central Highlands of Viet
Nam was generally lower than the long-term average in the same period. Local drought
condition and water shortage began to occur at the end of March. In early May, due to the start
of the rainy season, the drought conditions and water shortage in the Central
Highland provinces became less severe.
Based on the experience from the 2015–2016 drought, the Ministry of Agriculture and
Rural Development, actively coordinated with the authorities and people of the Mekong
Delta provinces, jointly developed plans, and focused on preventive measures, such as:
•

adjusting the production structure, focusing on changing the area, time, and type of
farming;

•

closely monitoring the flow of water to the Mekong Delta to make rational water use
decisions;

•

storing water during times of flood;

•

dredging intake, canals and reservoirs, installing and operating field pumping stations,
digging ponds, and setting up temporary dam embankment to store water and to
prevent saline intrusion.

Due to implementing these measures, the extent of damage caused by the 2019 drought was
reduced compared to 2016, and almost no negative drought impacts occurred in the Mekong
Delta in 2019. Nevertheless, although drought was not significant in 2019 in Viet Nam, in the
long term, it is required to pay more attention to the issue, for example through research and
assessments.
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4.4.4 Data sources
•

Steering Committee for Natural Disaster Prevention and Control (SCNDPC) (2019),
National Natural disasters in Viet Nam 2019. General Department for Natural Disaster
Prevention and Control. Ministry of Agriculture and Rural Development (MARD). Viet
Nam.

•

National Centre of Hydrology and Meteorology Forecasting (NHMFC) (2019), The
meteorological and hydrological situation of Viet Nam in 2019. Ministry of Natural
Resources and Environment (MONRE). Viet Nam.

•

MRC-Flood Management and Mitigation Programme (FMMP) (2019) Seasonal Flood
Situation Report for the Lower Mekong River Basin (Draft Version).

•

NHMFC (2019), Particulars of Hydrology Meteorology of Viet Nam in 2018.

•

Southern Department for Natural Disaster Prevention and Control (SDNDPC) (2019),
the flood report of Mekong Delta in 2019.

•

Central Department for Natural Disaster Prevention and Control (CDNDPC) (2019), the
flood report of Central and Central Highland of Viet Nam in 2019.

•

Institute of Hydrology – Meteorology Science and Climate Change. 2019. The monthly
agricultural meteorology assessment for Viet Nam in 2018. Ministry of Natural
Resources and Environment (MONRE). Viet Nam.

•

Southern Institute of Water Resource Research (SIWRR) (2019). The salinity intrusion
situation 2019 in Mekong Delta. Ministry of Agriculture and Rural Development
(MARD). Viet Nam.
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5

CONCLUSION

The year 2019 gives evidence for what is attributable to climate change: high climatic
fluctuations within the LMB and a shift towards more extreme events within short periods of
time. The departure from long-term observations is in line with predicted effects of climate
change. Heat waves in Viet Nam, a slow onset of the rainy season and extreme rainfall
intensities impede on water management and challenge time-proven habits.
This is exacerbated by land alteration and land degradation, and the urban drift from rural areas
to cities giving rise to uncontrolled growth, and water supply and water quality problems.
Flow records in 2019 have given unequivocal evidence that human-induced changes are about
to invert natural hydrological conditions in the north of the LMB. This has consequences in
various ways.
Seasonal river flow forecast is central to the ability of water managers to take precautionary
measures in time. The year 2019 revealed that a prediction of rainfall, eventually soil moisture
and flow runoff is not sufficient. Dam operation becomes a crucial component and has the
potential to render river flow forecasts useless if it remains unconsidered. Data exchange
between forecasters and dam operators is therefore essential.
Cooperation between the countries within the LMB is required, and it should also embrace
China as a key player. Transboundary cooperation will undoubtedly intensify due to existing
upstream-downstream dependencies so as to allocate water resources wisely.
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