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ARTICLE INFO ABSTRACT

Handling Editor: Dr R Thompson Northeast Thailand is one of the country’s important agricultural regions. Yet, it is frequently grappled by
droughts affecting crop production as most of the cultivation depends on rain-fed irrigation. This study employs a

Keywords: comprehensive framework for assessing the drought risk in the Mun River basin, including hazard, exposure, and

Drought }.1z?zard vulnerability factors. Hazard is estimated using a multivariate approach considering drought duration and

V}ﬂnerablhty severity, while exposure and vulnerability are evaluated using eighteen proxy factors encompassing physical and

Risk assessment . . . . .

AHP socioeconomic aspects. Local adaptation measures adopted by farmers to cope with droughts are an integral part

of the risk assessment framework. Factors are normalized to five equally spaced categories and are aggregated
using weights obtained from AHP through a survey among 50 local experts. Further, an extensive survey was
conducted among 122 farmers in two hotspots with high hazards but contrasting vulnerability to investigate
adaptation practices. Experts in the region perceive a higher importance of adaptive capacity than drought
susceptibility while defining vulnerability. The results show that people living in areas with high hazard levels
and physical vulnerability also tend to have a higher adaptive capacity to manage water scarcity. Overall, 22% of
the area is under high to very high drought risk. Specifically, 14% of the area in Nakhon Ratchasima, 15% in
Buriram, 8% in Surin, and 19% in Si Sa Ket provinces have very high risk. Among two hotspots, Dan Khun Thot
district farmers have diversified crops and practiced various adaptive measures to build their resilience against
drought and have low vulnerability and risk. In contrast, adaptation measures are implemented to a far lesser
extent in the Phlapphla Chai district and have high vulnerability and risk. The education level of farmers is found
to be directly linked with the implementation of local adaptation measures. The disparity in the adaptive
measures adopted in two districts highlights the significance of agricultural water management interventions.
Access to climate information regarding droughts, building farm ponds, and crop management practices are the
preferred adaptation measures taken by the farmers. The study recommends districts in each province identified
as having high risk are prioritized and supported by the local government to improve farm-level water man-
agement practices and drought resilience. It is imperative as looming climate change will further exacerbate
future droughts.

Adaptive capacity

1. Introduction 2011; Wilhite and Glantz, 1985). Between 1970 and 2019, droughts
emerged as one of the most significant natural disasters, claiming the

It is undebated that droughts significantly impact human society and lives of approximately 650,000 people, including four events respon-
the environment (Wang et al., 2020; Zargar et al., 2011; Zhang et al., sible for losing over 100,000 lives each (WMO, 2021). During the same
2019). Unlike aridity, droughts are temporary deficits of water resources period, more than 11,000 disasters were attributed to weather, climate,
(precipitation, soil moisture, groundwater, river flows, etc.) from and water-related hazards, which accounted for over 2 million deaths
normal conditions that can virtually occur in any climatic zones (Dai, and US$ 3.64 trillion in losses. Typically initiated from the lack of
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precipitation for an extended period (called meteorological droughts;
(Mckee et al., 1993; Vicente-Serrano et al., 2010)), it can propagate to
reduced soil moisture (called agricultural droughts; (Palmer, 1968;
Sheffield et al., 2004), reduced recharge of groundwater (called
groundwater droughts, (Mishra and Singh, 2010), reduced river flows
(called hydrological droughts, (Modarres, 2007; Shukla and Wood,
2008). This scarcity of water leading to adverse consequences in so-
cioeconomic aspects of society, is the socioeconomic droughts (Eklund
and Seaquist, 2015; Guo et al., 2019). All types of drought have the same
trigger, and studies have found that they are highly correlated (Khadka
et al., 2021; Masud et al., 2015). Meteorological droughts are often
followed by other droughts with certain lags in their onsets (Gu et al.,
2020; Han et al., 2019; Khadka, 2021).

The impacts of droughts on rainfed agricultural systems are partic-
ularly critical as they play an essential role in ensuring global food se-
curity (Pan et al., 2023; Yang et al., 2023), and farmers are the most
direct victims of drought (Guo et al., 2022). A rainfed agricultural sys-
tem, where rainfall in the source of irrigation water, is highly vulnerable
to droughts as a water deficit can result in reduced crop yields
(Sohoulande et al., 2019). Throughout 1983-2009, 75% of global crop
harvested area experienced drought-induced yield losses, equivalent to
166 billion USD, while on average, one drought event decreased agri-
cultural gross domestic production by about 0.8%, although the impacts
vary with countries (Kim et al., 2019). In addition, droughts are also
responsible for the expansion of croplands, especially in developing
nations, where farmers use them to compensate for the loss in yields
(Zaveri et al., 2020).

Drought risk refers to the potential of adverse consequences to
human and ecological systems due to drought events. Drought risk is
generally expressed probabilistically and can be defined as the proba-
bility or likelihood of negative impacts or losses resulting from a
dynamical interaction of drought hazard with the exposure and
vulnerability of a system under consideration (Carrao et al., 2016a;
Reisinger et al., 2020). Drought hazard refers to the occurrence of a
drought event that has the potential to result in losses of life, properties,
infrastructure, service provisions, and ecosystems (Viner et al., 2020).
Normally drought hazards are quantified from drought characteristics
(duration, frequency, severities, etc.) using indices that assimilate
hydro-meteorological information into single numerical values (Hao
and Singh, 2015; Steinemann et al., 2005). Exposure is generally a
measure of the degree to which the systems under consideration are
located in the areas susceptible to hazard. In the context of droughts, it
refers to the total population, their livelihoods, and assets in an area
where drought events may occur (Carrao et al., 2018). Vulnerability
refers to the characteristics of people or ecosystem and their situations
that influence their capacity to anticipate, cope with, resist, and recover
from the impact of a natural hazard (Wisner et al., 2014). It indicates
their sensitivity to being adversely affected by the hazard and consti-
tutes susceptibility and adaptive capacity (Ahmadalipour and Mor-
adkhani, 2018). Measuring exposure and vulnerability is challenging,
and proxy variables (physical and socioeconomic variables) typically
represent them (Buurman et al., 2020).

Several studies have assessed the drought risk as a function of haz-
ard, exposure, and vulnerability, proposed by Oppenheimer et al. (2014)
in various regions. Different studies use different sets of factors and
aggregation methods, so drought risk assessment may not be spatially
comparable (Wang et al., 2020). Li et al. (2022) assessed the drought
risk in the Beijing-Tianjin-Hebei region of China using hazard derived
from the copula function of drought duration and severity, vulnerability
based on the relationship between hazard and disaster loss and exposure
considering socioeconomic factors. The study found southern areas have
a higher drought risk and more significant shortages of water resources.
Applying the same framework, Elusma et al. (2022) considered eighteen
indicators for analysis of the agricultural drought risk in Haiti using
fuzzy logic to standardize and aggregate hazard, exposure, and vulner-
ability and found that including adaptive capacity as a component in the
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risk equation results in reduced moderate to very-high drought risk.
Villani et al. (2022) used forty-two indicators and aggregated them
using the equal weight method for drought risk assessment in central
Italy and suggested specific adaptation strategies for specific clusters
based on their characteristics. Hoque et al. (2021) aggregate indicators
using a fuzzy function to determine spatial extents and levels of agri-
cultural droughts. Similarly, the same framework is employed by several
other researchers (Ai et al., 2021; Buurman et al., 2020; Carrao et al.,
2016a; Dabanli, 2018; Yang et al., 2023; Zhao et al., 2020) to assess
drought risks.

Thailand is one of the drought-prone countries in Southeast Asia,
where the probability of drought in any given year is 45% (Pandey et al.,
2007). The recent droughts of 2015-17 caused estimated damage of 3.3
billion USD, while that of 2004-05 resulted in damage of 220 million
USD, affecting 71 provinces (EM-DAT, 2019; Wichitarapongsakun et al.,
2016). Notably, northeast Thailand is highly susceptible to droughts
where agriculture is the primary livelihood of people and most often a
rain-fed system (FAO, 2001; Prabnakorn et al., 2018). Although some
literature is available for the region which characterizes droughts
(Khadka et al., 2021; Prabnakorn et al., 2019), this study builds on the
existing knowledge base on drought risk by considering several physical,
socio-economic, and adaptation factors. The overall objective of this
study is a comprehensive assessment of the agricultural droughts in the
Mun River basin in northeast Thailand with the following specific ob-
jectives: (i) to assess spatial patterns of agricultural drought hazard,
exposure, vulnerability, and risk by considering relevant several factors,
(ii) to analyze the local water management practices employed by
farmers and their role in defining drought risk, and (iii) to suggest po-
tential adaptation measures to improve agricultural water at a local level
for building farmers’ resiliency against droughts. Research related to
drought risk assessment in a socioeconomic context is still in its
blooming stages (Dabanli, 2018), and this study identifies the high
drought risk area in northeast Thailand where adaptation measures need
to be prioritized.

2. Study area and data
2.1. Mun River Basin

The study is carried out over the Mun River basin, which is located in
northeast Thailand and is one of the major tributaries of the Mekong
River (Fig. 1). The basin spreads over 14.1 and 16.0°N latitudes and
101.2 and 104.9°E longitudes while the elevation ranges from 64 to
1351 masl and has a catchment area of about 50,800 km?. The Mun
River flows through seven provinces, namely, Nakhon Ratchasima,
Buriram, Khon Khen, Maha Sarakham, Roi Et, Surin, and Si Sa Ket, for
about 750 km before it confluences with the Chi River in Ubon Ratch-
athani province. The southwest monsoonal system governs the climate
in the basin with three distinct seasons: rainy (June-Oct), winter (Nov
-Jan), and summer (Feb-May) (Khadka et al., 2022). The annual rainfall
in the basin exhibits significant variations, with 900 mm in the western
parts to 1600 mm in the eastern parts. About 80% of the annual rainfall
occurs during the rainy season. April is the hottest month, with an
average temperature of about 30.6 °C, while December is the coolest
month with an average temperature of 20.2 °C.

Agriculture is a major livelihood activity of the people in the basin,
where about 67% of the total basin area is cultivated land. Paddy is the
primary crop in the basin (grown in about 55% of the entire area), fol-
lowed by cassava, sugarcane, and maize (Li et al., 2019). Most areas of
the basin have sandy loamy soil with low fertility grade because of its
limited ability to hold water and nutrients (Babel et al., 2011). This
highlights the importance of agricultural water management (rainfall
and irrigation) to conserve soil moisture and meet evapotranspiration
demands.
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Fig. 1. Study area of the Mun River basin showing the topography, climatic stations, and provincial boundaries

(Adopted from (Khadka et al., 2022)).
2.2. Observed datasets

Extensive data collection was carried out for different types of data,
which can broadly be classified into six types, namely, (i) Climatic data,
(ii) Physical factor related data, (iii) Socioeconomic factor related data,
(iv) Exposure factor related data, (v) Adaptation factor related data and
(vi) Survey data. Most of the required data are secondary data gathered
at the district and provincial level from various ministries. The details of
the data used in the study are presented in Table 1.

3. Methodology

The spatial pattern of the drought risk is assessed as a function of
hazard, exposure, and vulnerability, as defined in the Fifth Assessment
Report (AR5) by the Intergovernmental Panel on Climate Change (IPCC)
(Cardona et al., 2012; Oppenheimer et al., 2014). The adopted frame-
work for assessing the drought risk is present in Eq. 1 and Fig. 2.

Risk = Hazard x Exposure X Vulnerability (€D)]

Although some studies have only considered hazard and vulnera-
bility (Dabanli, 2018; Hasan et al., 2022; Sahana et al., 2021), it is
crucial to include the exposure, too, as high hazard and high vulnera-
bility does not mean high risk if the systems under consideration are not
exposed to them. Drought hazard is estimated considering the duration
and severity of drought using the copula function (Khadka et al., 2021).
The factors considered for the exposure and vulnerability are based on
the existing literature, availability of data, and their importance to the
agricultural droughts (Cardona et al., 2012; Carrao et al., 2016a;

Dabanli, 2018; Guo et al., 2022; Li et al., 2022; Pan et al., 2023; Prab-
nakorn et al., 2019; Xu et al., 2021). Rasterization of data available in
vector format, resampling at 100 m resolution, and preparation of the-
matic maps for each factor and their aggregation to develop hazard,
vulnerability, exposure, and risk maps are carried out in Geographic
Information System (GIS) environment.

3.1. Drought hazard

Standardized Precipitation Evapotranspiration Index (SPEI) (Vice-
nte-Serrano et al., 2010) has been used to assess the drought hazard (Li
et al., 2022; Villani et al., 2022; Yang et al., 2023). SPEI considers the
climatic water balance and is spatially and temporally comparable.
Khadka (2021), using the lag correlation method, found that agricultural
droughts lag meteorological droughts by one month at 3-, 6-, and
12-month timescales while there is no lag at 1-month timescale. A high
correlation (>0.7) was reported among them, validating the use of SPEI
for assessing agricultural drought risk. Observed temperature and pre-
cipitation data for 1979-2017 is utilized to compute SPEI time-series at a
spatial resolution of 0.25-degree grids. From the time-series, droughts
are identified, and drought characteristics (durations and severities) are
extracted following the approach proposed by Khadka et al. (2021). SPEI
at a 1-month time scale is considered in the study as short-term fluctu-
ation of water availability is more critical for agriculture. At longer
timescales, the fluctuations of the index imposed by precipitation vari-
abilities are masked; however, these variabilities are more important in
the context of agriculture, as drought during critical crop growth periods
can ultimately affect crop yield. Moreover, a study by Khadka et al.
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Table 1
Details of the type, resolution, and source of data used in the study.
Data Type Period Spatial Source
Scale
Climatic data
Observed Rainfall 1979- 0.25° by Thai Meteorological
2017 0.25° Department (TMD)
Observed Temperature 1979- 0.25° by TMD and Climate Prediction
(Max and Min) 2017 0.25° Centre (CPC)
Physical factor data
Soil water holding 2019 1:25,000 Land Development
capacity Department (LDD)
Water utilization by the 2007 — Province Royal Irrigation Department
agricultural sector 2019 (RID)
Soil salinity (%) 2016 1:4000 Land Development
Department (LDD)
Groundwater quantity 2014 Subdistrict Department of Groundwater
Resources (DGR)
Groundwater quality 2014 Subdistrict Department of Groundwater
Resources (DGR)
Surface water quality 2019 Province Pollution Control
Department (PCD)
Socioeconomic factor data
Agricultural 2019 District Office of Agricultural
employment (%) Economics (OAE)
People living in therural 2000 - District National Statistical Office

area (%) 2018 (NSO)

Female to male ratio (%) 2000 - District National Statistical Office
2018 (NSO)

Dependency ratio (%) 2000 - District National Statistical Office
2018 (NSO)

Mean year of schooling 2006 - Province Office of the Education
(%) 2019 Council (OEC)

Poverty rate (%) 2002 - District National Statistical Office

2017 (NSO)

Gross provincial product 2000 - Province Office of National Economic
at current market 2018 and Social Development
prices (%GPP) Council (NESDC)

Exposure factor data

Population density 2019 District National Statistical Office
(people/km?) (NSO)

Agricultural area 2019 District Office of Agricultural

Economics (OAE)

Crop production (tons/ 2019 District Office of Agricultural

ha) Economics (OAE)
Adaptation factor data

Households shifting to 2019 District Department of Agriculture
crops requiring less Extension (DOA)
water

Households with their 2019 District Department of Agriculture

private ponds Extension (DOA)

(2021) found that crop yield correlates highest with SPEI at a shorter
time scale (weekly to monthly).

The drought hazard is estimated as severity, duration, and frequency
(SDF) function using the empirical copula function (Shiau, 2006). An
empirical distribution function (EDF) is used to estimate the marginal
probability of drought duration D exceeding ‘d’ and drought severity S,
exceeding ‘s’ as shown in Eq. 2. Corresponding return period of drought
duration and severity is given by Eqs. 3a and 3b, respectively (Singh
et al.,, 2007). The return period of drought events with severity
exceeding ‘S’ and duration exceeding ‘D’ is given by Eq. 2c. Using the
copula function, the joint return period of drought events with severity
(S) exceeding ‘s’, and duration (D) exceeding ‘d’, is given by Eq. 3c.

m@:ﬂﬁﬁﬁziiﬁmgm @)

where x; is the random variable sampled from X and I(.) is the indicator
function. Since drought severity (S) has a negative value, F(S) = P(S>s),
which is the cumulative probability of drought severity to be equal to or
less than ‘s’.
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_ EL)
To=1"Fa (32)
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Ty - 30)

“T—F(s) - F(d) + C(s,d)

Where p is expected, or average inter-arrival time of drought events. F(s)
& F(d) are the cumulative probability of drought exceeding severity ‘s’
and duration ‘d’, respectively, and C(s,d) is joint probability distribution
using copula function. The denominator of Eq. 3c is the joint occurrence
probability, P (D>d and S>s), with chosen thresholds corresponding to
15-year return value of duration (d) and severity (s). The copula func-
tion (C(s,d)) (Sklar, 1959), is derived from the Eq. 4.

i #(x <x6),y <Y
C(li)—g—% (4)

n'n n

where n is the sample size, m is the number of observations satisfying
x <xjand y <yj, with 1 <1, j <n. The joint occurrence probability of
drought duration and severity corresponding to 15-year return values is
utilized.

At a 1-month timescale, severe and extreme droughts have an
average duration of about three months, and the reoccurrence period is
about two years, while mild and moderate droughts are 2 to 3 times as
frequent as severe and extreme droughts (Khadka et al., 2021). Simi-
larly, from frequency analysis, the average drought duration and
severity corresponding to a 15-year return period are found to be 6.3
months and — 6.11 (absolute value), respectively.

3.2. Drought exposure

The study assesses the exposure of population and agricultural sys-
tems in the basin. Following the literature (Carrao et al., 2016a; Elusma
et al., 2022; Li et al., 2022), drought exposure in the basin is estimated
from proxy variables such as population density, agricultural area, and
crop production. Higher population density areas are more exposed to
food scarcity resulting from droughts, indicating more food re-
quirements to feed the population and thus have higher exposure
(Hoque et al., 2021). Similarly, larger agricultural areas and high food
production areas will have severe impacts caused by droughts and thus
have higher exposure (Prabnakorn et al., 2019; Shahid and Behrawan,
2008). The population density data in the basin is obtained from Na-
tional Statistical Office (NSO), and the data on crop production (ton-
s/ha) and the area of agricultural land are acquired at the district level
from the Office of Agricultural Economics (OAE). Population and agri-
culture are both significant from a drought exposure perspective (Zhao
et al., 2020); hence, equal weight is used to aggregate the factors.

3.3. Drought vulnerability

The overall drought vulnerability in the study area is estimated from
factors pertaining to physical and socioeconomic vulnerabilities (under
susceptibility) and the adaptive capacity of farmers. These factors
indirectly reflect the repercussions of insufficient water for agricultural
activities in people’s livelihood.

3.3.1. Physical vulnerability

Physical vulnerability is assessed using six factors, as shown in
Table 1. One of the most important factors is the soil’s water-holding
capacity, which is affected by several other factors, such as soil
texture, soil depth, elevation, etc. (Hoque et al., 2021). Higher
water-holding capacity means soil stores water when abundant and
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Fig. 2. Agricultural drought risk assessment framework highlighting the components and factors applied in the study.

supplies water to the crops during water deficiency, thus indicating low
vulnerability. The soil root zone’s available moisture content (difference
between field capacity and the wilting point) is considered to assess this
factor. Water utilization by the agricultural sector is particularly high
during the crop-growing season and thus is positively correlated with
vulnerability (Thomas et al., 2016). Similarly, soil salinity (% of salt
crusts on the surface), groundwater quality, and quantity (expected well
yield) data were normalized into different levels by experts from
responsible departments. Groundwater quality is evaluated based on the
total dissolved solids (TDS) with threshold values of < 500, 500-1500,
and > 1500 mg/L (Prabnakorn et al., 2019). Based on 28 parameters,
the Department of Pollution Control (PDC) classifies surface water
quality into five classes. Class 1 represents water of the highest quality.
More details on the parameters considered for classification can be ob-
tained from www.pcd.go.th. High soil salinity, poor water quality, and
limited groundwater yield constitute high vulnerability. Details can be
referred to in Tingsanchali et al. (2022).

3.3.2. Socioeconomic vulnerability

Seven factors are considered to evaluate socioeconomic vulnerability
(Table 1). Agricultural employment, mainly farmers and other agricul-
tural workers are highly vulnerable to drought (Hoque et al., 2020).
Similarly, people living in rural areas are more vulnerable because of
their lower income and highly dependent on locally based resources
(Cutter et al., 2003), while the proportion of the population whose in-
come is lower than the poverty line also shows high vulnerability
(Carrao et al., 2016b). Female to male ratio also adds insight into
vulnerability as women are more affected by disasters due to limited
access to resources. Population aged 0-14 and above 60 years usually
depend on the working-age population to support their livelihood
(Barreto, 2018), and a higher population means an additional burden to
the active population and, thus, high vulnerability. The mean year of

schooling is linked with literacy, and lower literacy means high
vulnerability, which is based on the assumption that poorly educated
populations have a low capacity to find alternative employment (Le
et al., 2021). In addition, gross provincial product (GPP) is also
considered as one of the factors. As the areas with lower GPP will have
significant impacts even with the small economic losses, they have high
vulnerability to drought, while areas with higher GPP are less vulnerable
(Ahmadalipour and Moradkhani, 2018; Carrao et al., 2016a; Wu et al.,
2017).

3.3.3. Adaptive capacity

Factors related to farmers’ adaptive capacities are equally essential
to assess the overall agricultural drought vulnerability as formers are
inversely correlated with the latter. In the context of climate change that
has gripped humanity, adaptive capacities also reflect the resilience to
combat and prosper against adversity (Solh and van Ginkel, 2014).
Adaptation measures reduce the negative impacts of droughts on agri-
culture productivity (Elusma et al., 2022). In this study, adaptive ca-
pacity is measured using two factors: households shifting to crops
requiring less water and the percentage of households with private
ponds in agriculture. Farmers switching from water-intensive crops to
those requiring less water will make agriculture less sensitive to
droughts and reduce vulnerability. While rice, cassava, and sugarcane
are the major crops in the basin with water requirements of
658-733 mm, 796 mm, and 1035 mm, respectively, during the growing
period, maize (372 mm), sweet corn (290 mm), soybean (395 mm),
tomato (524 mm), shallot (322 mm), and garlic (110 mm) are alterna-
tive crops with less water requirement and shorter growing period. As
the majority of agricultural land in northeast Thailand relies on rainfed
irrigation (Prabnakorn et al., 2018), a provision of ponds at the farm
level, which will store water during the rainy season and supply it during
the dry season for cultivation is a vital adaptation measure in the region.
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3.4. Normalization and aggregation of the factors

3.4.1. Normalization

The joint occurrence probability of drought of 15-year return periods
and the factors considered for exposure and vulnerability are normalized
from the ‘maximum-minimum’ range to ‘0O-1’ using feature scaling as
shown in Eq. 5. For factors which have a negative correlation with
vulnerability, the final normalized value is obtained by subtracting the
value of Eq. 5 from 1.0. The final normalized values represent either of
the five equally spaced categories, as shown in Table 2. For categorical
factors, appropriate classes are assigned based on the existing standards
and following (Prabnakorn et al., 2019; Thomas et al., 2016). As various
factors have different units, normalization helps to bring all factors to
the same scale.

Xi — Xinin
X(i) normalized — (( ) )

Xmax - Xmin)

where X; is the factor for grid i, Xpmin and Xpax are the minimum and
maximum values among all grids.

3.4.2. Aggregation using analytic hierarchy process (AHP)

Aggregating factors under each sub-components is carried out
considering the weighted average scheme. Researchers have used a wide
array of methods for estimating the weight of the factors, such as non-
linear multivariate technique (Zhao et al., 2020); grey relational anal-
ysis (Hao et al., 2022); random weighting technique (Ahmadalipour and
Moradkhani, 2018); fuzzy membership function (Elusma et al., 2022;
Hoque et al., 2021); simple averaging (Le et al., 2021); analytic hier-
archy process (AHP) (Ai et al., 2021; Hoque et al., 2020; Sahana et al.,
2021; Wu et al., 2017).

The study utilizes AHP methods for aggregating vulnerability factors.
AHP helps determine each factor’s relative importance based on the
experts’ opinions and provides weights accordingly. The AHP entails
constructing a hierarchical structure of decision-making elements and
conducting pairwise comparisons within a matrix to assign a weight to
each element (Saaty, 2004). Experts will indicate the relative impor-
tance of the compared two factors by assigning numbers from 1 to 9, 1
being both factors are equally important to 9 being one factor is more
important than the other in the highest possible order. The AHP divides
the whole problem into different levels (e.g., vulnerability, susceptibil-
ity, and adaptive capacity are level 1, physical and socioeconomic vul-
nerabilities are level 2, and the following factors are level 3), and the
relative importance of each element at each level are identified to
determine weights (Guo et al., 2022). An extensive survey was con-
ducted among 50 experts, of whom 28 represented Thai government
ministries, departments, and line agencies; 19 represented Universities
and research organizations; and 3 represented international organiza-
tions working in similar domains in Thailand. For assessing the reli-
ability of the expert’s scores, the consistency ratio (CR) is computed
using Eq. 6 and Eq. 7.

Amux -
Consistency Index, CI = 1n (6)
n—
. . Ccl
Consistency Ratio,CR = i ()

Table 2
Classification of flood/drought hazard levels based on normalized values.

Normalized value Class Level of Exposure/Vulnerability
0.00 - 0.20 1 Very low

0.21 - 0.40 2 Low

0.41 - 0.60 3 Medium

0.61 - 0.80 4 High

0.81 -1.00 5 Very high
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where Ayax is the maximum eigenvalue of the judgment matrix, and n is
the number of factors. RI, the random index, can be looked up from the
table based on n (Saaty, 2004).

CR value < 0.1 indicates that the level of consistency derived from
the experts’ survey is acceptable (Hoque et al., 2020).

Weight of each factor is obtained from AHP using the following steps.

Step 1: A judgment matrix is created based on the relative impor-
tance given by the expert in each pairwise comparison.

Step 2: The matrix is normalized by dividing each entry with the
column sum it resides in.

Step 3: The priority vector is computed as the row average of the
normalized judgment matrix.

Step 4: The original judgment matrix is multiplied by the priority
vector and divided by the corresponding element in the priority vector.
The average of these will give the maximum eigenvalue.

Step 5: Eq. 6 and Eq. 7 are used to calculate CI and CR.

Step 6: The steps above are repeated for all experts, and the weight
for each factor is obtained by taking an average of the priority vector
with CR< 0.1.

Finally, exposure and vulnerability are computed using Eq. 8 to Eq.
13.

Exposure = Zwi(gf> x Figp (8)
=1
Susceptibility = wp) X P+ w(sg) X SE (©)]
Physical  vulnerability = Zwi(pf) X Fypyp) (10)
=1
Socioeconomic  vulnerability = Z Wicses) X Fises) an
=1
Adaptive  capacity = Z Wiacs) X Fiacs) 12)
=1
Vulnerability = w(s) X S —wuc) X AC (13)

where E, S, P, SE, and AC refer to Exposure, Susceptibility, Physical
vulnerability, Socioeconomic vulnerability, and Adaptive capacity; w is
the weight; f is the factors from 1 to n.

3.5. Local adaptation measures adopted by farmers against droughts

Comprehensive questionnaire surveys on existing adaptation mea-
sures and strategies implemented by farmers to cope with droughts are
carried out in the two selected hotspots (districts) within the basin. The
objective of the survey is also to understand the different measures and
outcomes of the existing practices among farmers and their varied
adaptation capacities. Thus, the hotspot districts selection criteria are
based on the level of identified hazard and vulnerability, which specif-
ically are:

(a) A district with high to very high drought hazard, high to very
high susceptibility, and low to very low vulnerability

(b) A district with high to very high drought hazard, low to medium
susceptibility, and high to very high vulnerability

Dan Khun Thot district in the Nakhon Ratchasima province is chosen
as the former, and the Phlapphla Chai district in the Buri Ram province
is chosen as the latter (shown in Fig S1). Although both districts exhibit
high to very high drought hazards, they have contrasting levels of sus-
ceptibility and vulnerability, which is hypothesized because of the
different levels of adaptation capacity among the farmers. A question-
naire survey consists of respondents’ general information and the details
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of the adaptation measures executed during droughts among 122 re-
spondents representing households (60 in the Dan Khun Thot district
and 62 in the Phlapphla Chai district). The respondents were randomly
selected, although criteria of geographic distribution and active
engagement in farming were considered. Random sampling is a well-
established method which ensures representativeness as it minimizes
the risk of bias, and each member of the population has an equal chance
of selection for the sample (Guo et al., 2022). The number of the survey
is constrained by the time and available budget of the research. The set
of questionnaires used in the survey is presented in Appendix S2.

4. Results and discussion
4.1. Drought hazard map

Using 1-month SPEI, Fig. 3 presents the spatial pattern of 15-year
return period drought durations and severities overlaid on the provin-
cial map within the Mun River basin. The average return value of the
duration at this timescale is about 7 months, ranging from 5 to 11
months over the basin. The most prolonged droughts are observed
mainly in the central part of Nakhon Ratchasima, Buriram, the upper
part of Khon Khen and Maha Sarakham, and the lower part of Si Sa Ket
provinces. As SPEI is derived from observed rainfall and temperature, it
is found that variability of the drought duration in the basin has a good
pattern correlation (about 0.45) with the rainfall variability. The highest
rainfall variabilities (close to 30%) are observed in the exact locations
where drought durations are highest. The temperature’s variabilities
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Fig. 3. Spatial pattern of 15-year return values of (a) drought duration (in
months) and (b) drought severity (absolute values) in the Mun River basin at a
1-month timescale.
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also affect the duration (pattern correlation of about 0.20) as they
subsequently define the potential evapotranspiration.

Similarly, 15-year return values of drought severities also have a
pattern correlation of about 0.40 with rainfall variability in the basin.
Spatially, although the pattern closely resembles the drought duration,
severities are also higher in the lower part of Buriram and the upper part
of Surin provinces. It is expected because, in addition to duration,
drought severity is also affected by drought intensity. At a 1-month
timescale (Khadka et al., 2021) found that drought duration and in-
tensity have a correlation of 0.65 in the Mun River basin.

The copula function has played a crucial role in integrating the in-
formation provided by drought duration and severities, which is then
normalized to generate the drought hazard map for the basin. In Fig. 4,
areas with lower hazards are depicted with lighter shades, while darker
shades indicate areas with higher hazards. Overall, approximately 36%
of the basin area experiences low to very low drought hazard, with 37%
facing a medium hazard and the remaining 27% falling into the high to a
very high hazard category. Notably, the majority of regions of Nakhon
Ratchasima, Maha Sarakham, as well as the lower half of Buriram and Si
Sa Ket provinces, exhibit high to very high hazard levels. Conversely,
most areas in Surin and Roi Et demonstrate low to very low hazard
levels. These results unequivocally indicate that certain parts of the
basin are more susceptible to drought hazards compared to others,
despite the entire basin being influenced by the same climate system.
Additionally, it can be inferred that the hazard level is not solely
determined by the amount of annual rainfall but also by its variability. It
is evident in the case of Si Sa Ket, an eastern province that receives the
highest rainfall in the basin yet still harbors areas with very high drought
hazards.

4.2. Drought exposure map

Fig. 5 depicts the spatial distribution of population, cultivated land,
and agricultural output exposed to drought conditions. As shown in
Fig. 5a, the areas close to the provincial capitals are the population hubs
and contribute to high drought exposure. About 70% of all cultivation
area in the Mun River basin consists of rice fields, mainly in the central
and eastern regions (Fig. 5b). Cassava and sugarcane are sparsely
distributed over the basin, while corn is grown mainly in the western
part (Nakhon Ratchasima). The southern portion of the basin, mainly
covered by forest, has no settlements, making it devoid of drought
exposure. From a productive perspective, Fig. 5¢c shows Nakhon Ratch-
asima and Si Sa Ket provinces have higher crop yields and thus are more
exposed to droughts, and the northern provinces have low yields and
exposure.

Fig. 6 displays the cumulative impact of these factors, reflecting the
overall drought exposure across the region. Areas with higher drought
exposure are mainly located in the southern four provinces. It is
particularly noticeable in the outskirts of each provincial capital, where
there is a high population density coupled with higher crop yields, are
the pockets of high exposure. In contrast, the provinces of Khon Khen,
Maha Sarakham, and Roi Et have lesser exposure due to their relatively
lower population density and agricultural production. Overall, 39% of
the area is under low to very low exposure, 18% under medium expo-
sure, and 10% under high to very high exposure. About 33% of the area
in the basin has no exposure due to a lack of settlement and cultivation.

4.3. Drought vulnerability map

4.3.1. Weights based on AHP

Based on experts’ perceived importance of the factors, weights are
estimated at three different levels. The first level is drought vulnera-
bility, which consists of susceptibility and adaptive capacity, with cor-
responding weights of 0.406 and 0.594, respectively. At the second
level, susceptibility is derived from two sub-components physical
(0.584) and socio-economical (0.416). The third level quantifies the
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Fig. 4. Drought hazard map of the Mun River basin. The hazard is categorized into five classes (very low, low, medium, high, and very high) based on the normalized

value of the joint occurrence probability (multivariate analysis).

importance of factors for each sub-component. The consistency ratio for
each comparison matrix is less than the threshold of 0.1, which suggests
that the experts’ opinions are reasonably consistent, and the resulting
weights are reliable. The details of the weights and the consistency ratio
are provided in Table S1, while the sample judgment matrix, calcula-
tions of the priority matrix, and CR are provided in Appendix S1 of the
supplementary data.

It is found that physical factors of vulnerability are more important
and receive higher weight than socioeconomic factors. Physical factors
are directly linked with water availability, while socioeconomic factors
come into play once the drought has onset (Wu et al., 2017). Among the
six physical factors, water utilization by the agricultural sector (0.235),
groundwater quantity (0.144), and soil water holding capacity (0.142)
received higher weights. In comparison, for the seven socioeconomic
factors, agricultural employment (0.194), poverty (0.174), and mean
years of schooling (0.173) received higher weights. Interestingly, the
female-to-male ratio received the least weight (0.074), indicating that it
is not considered essential to define the drought vulnerability in the
basin. For adaptive capacity, shifting to crops requiring less water is
slightly more important (0.519) than having a private pond in the
agriculture field. It can be interpreted as experts viewing demand
management of water for agriculture is more suitable than the supply
side. At the first level, adaptive capacity is more critical than suscepti-
bility in defining drought vulnerability. Thus, the farmers’ coping ca-
pacity can significantly reduce drought vulnerability and counter the
negative influence of physical and socioeconomic factors.

4.3.2. Vulnerability factors

Factors considered for estimating the drought vulnerability in the
basin are normalized and classified, and the spatial pattern is presented
in Fig. 7. How these factors will contribute to overall vulnerability has
already been described in Section 3.3. Six factors considered for physical
vulnerability are shown in Fig. 7a-f. The soil water holding capacity
(Fig. 7a) is highest in the basin’s central part (Buriram and part of the
Nakhon Ratchasima province), while the northern and southern
boundary areas have the least. The water utilization (Fig. 7b) in Si Sa Ket
province is the highest, followed by Surin and Buriram, contributing to

higher vulnerability. Similarly, the lowlands around the Mun River and
its tributaries, especially in Nakhon Ratchasima province, predomi-
nantly suffer from soil salinity (Fig. 7c). The surrounding areas to the
south and west are non-salt affected because the formations underlying
the area are salt-free (Wongsomsak, 1986). Farmers in the area with
abundant groundwater are less susceptible to droughts. However, except
few pocket areas, most of the basin has low groundwater yield
(<2 m3/h) (Fig. 7e). In the eastern part, the yield is between 2-10 m®/h,
and the farmers are comparatively less restrictive in using it for irriga-
tion. The north region extending from Nakhon Ratchasima to part of Roi
Et provinces also has poorer groundwater quality (Fig. 7d). In the
southern provinces, areas with high population density are generally
seen to have poor water quality (Fig. 7f). Most parts of the basin have
medium to good surface water quality except in the central part of the
Nakhon Ratchasima.

The spatial pattern of normalized socioeconomic factors is presented
in Fig. 7g-m. Provinces in the east have more districts where agricultural
employment (Fig. 7g) and people living in rural areas are more (Fig. 7h).
At the same time, the poverty rate (Fig. 71) is highest in Buriram and
Surin districts and part of Nakhon Ratchasima (northern and southern
boundary districts), making them more vulnerable to drought. The
female-to-male ratio (Fig. 7i) doesn’t differ significantly in the basin,
ranging from 0.9 to 1.1. The dependency ratio (Fig. 7j) is found to be
highest in the eastern and central part of the basin (Nakhon Ratchasima,
Buriram, and Surin), while the literacy (Fig. 7k) is higher in Nakhon
Ratchasima, Khon Khen, and Maha Sarakham provinces. Similarly, The
GPP (Fig. 7m) gradually decreases from western to eastern provinces,
which indicates eastern provinces, especially Si Sa Ket, are less resilient
when drought occurs.

The adaptive capacity of farmers also plays a pivotal role in defining
their vulnerability. If farmers in areas with high drought susceptibility
have high coping capacity, their vulnerability will be drastically
reduced. Among the two key adaptation measures, it is found that
farmers in the eastern provinces, Nakhon Ratchasima and Buriram (and
a few southern districts of Surin and Si Sa Ket), have shifted to crops
requiring less water (Fig. 7n) to cope with water scarcity. Similarly, a
higher number of households in the northeast and southwest of the basin
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Fig. 5. Spatial pattern of the normalized factors considered for mapping
drought exposure (a) population density; (b) Extent and types of crops; (c) crop
productivity. An area classified as ‘very low’ means less exposure and
vice-versa.

own their private field ponds (Fig. 70) to store and use water during the
dry season. Farm ponds can act as groundwater recharge and discharge
zone depending on location. Households with farm ponds in Northeast
Thailand have higher income and diversified crops than those without
ponds (Johnston et al., 2012).

Contd. Fig. 7. (j) to (m) are normalized values for factors repre-
senting socioeconomic vulnerability; (n) and (o) are normalized values
for factors representing adaptive capacity; (p), (q), and (r) represent
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physical vulnerability, socioeconomic vulnerability, and adaptive ca-
pacity, respectively.

4.3.3. Vulnerability map

By aggregating the contributing factors with the acquired weights, it
is found that physical vulnerability is highest in the central part of the
Nakhon Ratchasima, Surin, and Si Sa Ket provinces (Fig. 7p). These
areas are also marked mainly by higher drought hazard in the basin.
Interestingly, socioeconomic vulnerability shows an opposite spatial
pattern with higher values at the central part of the basin (Fig. 7q).
Combination of these two sub-components shows that higher suscepti-
bility persists in the central belt area of Nakhon Ratchasima, Buri Ram,
Surin, Si Sa Ket provinces. The aggregated adaptive capacity (Fig. 7r) is
also high in the districts with higher drought hazards. The results show
that people living in high hazards and physical vulnerability tend to
develop a coping capacity to deal with water scarcity.

By combining the components, the overall vulnerability map of the
basin is generated, as shown in Fig. 8. It shows that the districts in the
central part of the basin, located in Nakhon Ratchasima, Buriram, Surin,
Maha Sarakham, and Roi Et provinces have a higher level of drought
vulnerability. Vulnerability also has a high negative correlation with the
adaptive capacity (—0.9) which shows that adaptive capacity can dras-
tically reduce the vulnerability of farmer communities. Overall, 26% of
the basin has low to very low, 23% has medium, and 40% has high to
very high drought vulnerability.

Areas with high vulnerability could benefit from crop diversification,
such as drought-resistant cultivars, crops with less water requirements,
and local adaptation, such as farm ponds, conjunctive groundwater use,
etc. To reduce physical vulnerability, soil moisture could be improved/
maintained by proper field-level agriculture practices such as mulching,
cover crops, reducing tillage, encouraging contour farming, etc. Soil
salinity can be improved by prudential use of chemical fertilizers and
pesticides, substituting them with organic fertilizers, provision of
drainage, etc. Currently, only a fraction of the basin has irrigation fa-
cilities. If it can be expanded further, that would also increase the
adaptation against droughts.

Similarly, reducing the population’s dependency on agriculture for
their livelihood will also help decrease community vulnerability.
Improving the literacy rate, especially in rural areas, can improve
alternative employment rates. These will positively affect the poverty
rate and GPPs, ultimately reducing socioeconomic vulnerability.

4.4. Drought risk map

The drought risk map for the Mun River basin is generated by
multiplying the drought hazard, exposure, and vulnerability. Fig. 9
shows that most high and very high drought-risk areas are located in the
southern four provinces. Administratively, five districts in Nakhon
Ratchasima province (Mueang Nakhon Ratchasima, Chok Chai, Non
Sung, Bua Yai, and Chaloem Phra Kiat) have a very high level, and four
districts (Khong, Phimai, Kham Thale So, and Kaeng Sanam Nang) have
a high level of drought risk. Similarly, in Buriram, four districts (Lahan
Sai, Pakham, Phlapphla Chai, Chaloem Phra Kiat) are under very high
and five districts (Mueang Buri Ram, Krasang, Nong Ki, Satuek, and Huai
Rat) are under high drought risks. In Surin, three districts (Chom Phra,
Sanom, Non Narai) are under very high and another three (Rattanaburi,
Sikhoraphum, Samrong Thap) are under high drought risk. In Si Sa Ket,
seven districts (Mueang Si Sa Ket, Phrai Bueng, Bueng Bun, Huai Thap
Than, Non Khun, Mueang Chan, Pho Si Suwan) are very high, and
another seven districts (Kantharalak, Khukhan, Prang Ku, Khun Han,
Uthumphon Phisai, Si Rattana, and Phayu) are under high drought risk.
Only one district of Maha Sarakham province (Phayakkhaphum Phisai)
has a high drought risk.

These centrally located districts in the basin have exhibited higher
levels of exposure (due to higher population density and crop produc-
tivity) and vulnerability. In addition, drought hazard is also found to be
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Fig. 6. Drought exposure map of the Mun River basin categorized into five classes (very low, low, medium, high, and very high).

of higher magnitude in most of these areas. The drought risk in the basin
has a pattern correlation of 0.38, 0.68, and 0.50 with hazard, exposure,
and vulnerability, respectively. Overall, 32% of the basin area has low to
very low risk, 12% has medium risk, and 22% has high to very high risk.
Rest 33% area has no risk as they have an exposure value of zero. The
classification of districts based on their drought risk is provided in
Fig. S2. These are the potential locations where farm-level and project-
level adaptation measures could be promoted. The results also suggest
that despite higher water availability (in terms of annual rainfall), large
areas in Surin and Si Sa Ket provinces still have high risks because of
high hazards, exposure, and vulnerability.

4.5. Analysis of existing adaptation measures

Results from a questionnaire survey conducted among 122 re-
spondents (60 in Dan Khun Thot and 62 in Phlapphla Chai district)
inquiring about their general background and the adaptation practices
during droughts are analyzed. As seen from Fig. 10a, 51% of respondents
in Dan Khun Thot and 42% in Phlapphla Chai are male, while 49% and
58% in the corresponding districts are female. Most of the respondents
in Dan Khun Thot are farmers (98%); in Phlapphla Chai, 90% are
farmers, and the rest 10% are engaged in private jobs, freelancers, and
others (Fig. 10b). Respondents from both districts have a similar age
distribution, with 15-18% between 36-50 years, 32-37% between
51-59 years, and 42-47% above 60 years (Fig. 10c). Similarly, about
two-thirds of the respondents have elementary school education in both
districts, and 27% (16%) have high school education in Dan Khun Thot
(Phlapphla Chai). Only 2% in each district have a bachelor’s degree or
higher education (Fig. 10d). 80% of the respondents in Dan Khun Thot
have farmland between 1.0-1.5 ha, while 20% have more than 3 ha.
Similarly, the same statistics in Phlapphla Chai are 77% and 23%,
respectively. These data show that the respondents are mainly farming
communities dependent on agriculture for livelihood with relatively low
education levels. Farmers in Dan Khun Thot have more diversified crops
with rice, cassava, maize, sugarcane, and vegetables, while those in
Phapphla Chai have limited to rice and sugarcane only. It is the first
impression that farmers in Dan Khun Thot have been more responsive to
droughts by introducing crops with less water requirements.

10

Based on the literature review, an exhaustive list of adaptation
practices being implemented in the region is compiled, and 16 of the
most relevant ones are included in the questionnaire survey. Re-
spondents were asked which measures they have taken during droughts.
Fig. 11 shows the % of respondents who have implemented various
adaptation measures in both districts. It clearly shows that farmers in
Dan Khun Thot are more active and knowledgeable in drought adapta-
tion practices than those in the Phlapphla Chai district. 83% of farmers
in Dan Khun Thot have been using climate information to plan their
agricultural activities, while none of the respondents from Phlapphla
Chai reported using them. The adaptation capacity of farmers against
drought is also reflected by the fact that 66% of respondents in the
former district own farm ponds compared to 12% of the respondents in
the latter district.

Similarly, 32% of respondents in Dan Khun Thot switch to crops
requiring less water during droughts, compared to 14% in Phlapphla
Chai district. About 47% of farmers in Dan Khun Thot also have sprin-
kler and drip irrigation systems in their fields, while this percentage is
negligible in Phlapphla Chai. Additionally, in Dan Khun Thot, about
50% of farmers use seed from previous yields, shift cropping patterns,
mix planting, etc., to boost productivity during droughts, which is
significantly higher than in Phlapphla Chai. A study by Goodwin et al.
(2022) in the Ping River basin in northeast Thailand also reported that
21% of the farmers dig or enlarge the farm ponds as an adaptation to
drought, along with other farm management practices such as forest
conservation (49% of respondent), drought resilient crops (29%), and
shifting to crops requiring less water (18%). In comparison, the pro-
portion of farmers adopting these measures is higher in the Phlapphla
Chai district while lower (or similar in some cases) in the Dan Khun Thot
district. The study also reported that farmers’ education level is essential
in implementing adaptation measures. This is well verified in the current
study as the percentage of farmers with an education level of high school
or above is more in the Dan Khun Thot district than in Phlapphla Chai
district (29% versus 18%).

In the Maha Sarakham province, Thailand, primary adaptation
measures from farmers are change in cropping patterns and increased
use of organic and chemical fertilizers, while the latter is a low-risk and
short-term adaptation (Sedtha et al., 2023). The farmer’s choice and
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Fig. 7. Factors considered for estimating drought vulnerability. (a) to (f) are normalized values for factors representing physical vulnerability; (g) to (h) are

normalized values for factors representing socioeconomic vulnerability.

degree of adaptation also depend on their perceived risk and return from
the measures. Pak-Uthai and Faysse (2018) examined the economic ef-
fects of adaptation measures taken by farmers in Suphanburi Province,
Thailand, during the 2015-16 drought and found that about 27% of
farmers interviewed shifted to low water requiring crops after securing
access to water (e.g., through field ponds filled during the rainy season)
and securing a market for the products. 21% of respondents shifted to
low-risk alternatives such as non-agricultural activities and off-farm
jobs, although the return was less. Farmers with no/little financial re-
sources may not have access to most of the adaptation measures, high-
lighting the role of government and non-government organizations in
supporting those farmers.

Overall, the results concur with previous studies (Bahta and Myeki,
2021; Elusma et al., 2022; Holman et al., 2021) that adaptation capacity
plays an integral role in the drought risk level of farming communities.
The finding undoubtfully indicates that more farmers in Dan Khun Thot
district are practicing vast arrays of adaptation measures to cope with
droughts than the farmers in Phlapphla Chai district. It shows farmers in
the former district can better cope with droughts. It is also reflected by
the median household income, which on between 600 to 750 USD in
Dan Khun Thot and only 300 to 450 USD in Phlapphla Chai. Though
both districts have high to very high drought hazards, and Dan Khun
Thot has higher drought susceptibility due to higher physical vulnera-
bility than Phlapphla Chai, the overall drought vulnerability in Dan
Khun Thot is low mainly because of farmers’ enhanced capacity to cope
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with droughts with various adaptation practices. Consequently, drought
risk is also very low in Dan Khun Thot and very high in Phlapphla Chai.
Findings reiterate the importance of adaptation practices to reduce
drought vulnerability and risk. As indicated by Aryal et al. (2020) and
Schroder et al. (2024), these practices are not only helpful against cur-
rent droughts but are also useful to develop resilience against climate
change.

4.6. Potential adaptation strategies and measures against drought in the
study area

Based on the literature review, expert interviews, questionnaire
survey, and local stakeholders’ workshops conducted in the study area,
we have identified the potential adaptation strategies and measures for
the basin which can help improve farmers’ resilience against droughts as
shown in Table 3. As discussed in existing literature (Ramamasy and
Baas, 2007; van Steenbergen et al., 2011), farm ponds that store excess
water during the rainy season can ensure water availability for agri-
culture during the dry season. It is one of the traditional methods
practiced in northeast Thailand. Similarly, conjunctive use of surface
and groundwater replenished through managed aquifer recharge (MAR)
and repairing existing irrigation systems could be possible agricultural
water management measures to improve water availability. Droughts in
northeast Thailand are not due to a lack of rainfall but because of limited
storage. Rainfall water harvesting for groundwater recharge in a basin
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Fig. 7. (continued).
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Fig. 10. General information about the respondents participating in the questionnaire survey in Dan Khun Thot and Phlapphla Chai districts.

with favourable hydrogeology could be an effective adaptation against
droughts (Glendenning et al., 2012; Karimov et al., 2013). These could
be complemented by improved farm management practices such as
shifting the growing season and changing to crops with less water
requirement and shorter growing periods (Stringer et al., 2009). Some of
these measures are already practiced in the basin, while others have
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been found effective in various regions. Details of each measure can be
acquired from the provided references in Table 3. In water-scarce areas
with limited irrigation facilities, adaptation options that conserve water,
such as using drought-resilient crops, could be more beneficial (Hou
et al., 2023).

In some cases, non-agricultural adaptation could also be an
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Fig. 11. Various drought adaptation measures being employed by farmers in Dan Khun Thot and Phlappla Chai districts. The radar chart shows the % of respondents

in both districts who have implemented specific adaptation measures.

Table 3
Recommended adaptation strategies and measures for the Mun River basin.

S. Strategies/ Description Examples References
N. Measures

1 Strategy — 1: Enhancing water supply and water efficiency

Measure 1.1~ Farm ponds Buriram in (Eludoyin et al.,

Northeastern 2017; Ramamasy
Thailand, and Baas, 2007;
Bangladesh, UNISDR, 2009;
Vietnam, South van Steenbergen
Africa, Africa et al., 2011)

Repair and

complete the

distribution

system of

existing

irrigation

projects.

Measure 1.2 Implement the Australia, (Charlesworth
subsurface Southwest Iran, et al.,, 2002;
floodwater Lower Northern Glendenning et al.,
harvesting Thailand, India, 2012; Karimov
system and Uzbekistan et al., 2013;
(Managed Pavelic et al.,
aquifer 2015, 2012;
Recharge: MAR) Sharda et al.,

2006)
2 Strategy-2: Change or improve farm management practices

Measure 2.1  Shifting the Surin in Thailand,  (Eludoyin et al.,
beginning of the Malawi, 2017; Stringer
growing season Bangladesh, et al., 2009)

Nigeria

Measure 2.2 Shift to short- Swaziland, (Ramamasy and
duration Botswana, Baas, 2007;
varieties and/or Malawi, Stringer et al.,
crops with less Bangladesh, 2009; UNISDR,
water Tajikistan 2009)
requirement

alternative. In Maha Sarakham province of Thailand, about one-fourth
of farmers adopted non-agricultural practices such as buying insur-
ance, borrowing money, credits, loans, and cooperative participation,
and about one-tenth started off-farm jobs and activities (Sedtha et al.,

14

2023). In addition to these measures, it is also imperative to build the
social capital of farmers, as highlighted by Goodwin et al. (2022), which
shows social networks as an important part of collective action for
supporting adaptation. Nonetheless, governments are still expected to
spearhead the drought adaptation efforts (Eludoyin et al., 2017) by
formulating conducive policies and measures, providing accurate
drought forecasts, and incentivizing farmers to implement suitable
farm-level adaptation measures.

4.7. Strengths and limitations of the study

The study exhibits several strengths, such as the comprehensive
quantification of the spatial pattern of drought hazard, exposure, and
vulnerability using multiple factors, which provides a holistic under-
standing of agricultural drought risk. Moreover, the integration is con-
ducted based on their relative importance, which is identified by 50
experts from governmental and non-governmental organizations work-
ing in similar areas in Thailand. The study also leverages an extensive
field survey among 122 local farmers to analyze existing water man-
agement and drought adaptation practices, as it attempts to establish a
direct link between such practices and the level of drought risk. This
blend of quantitative and qualitative analyses enhances the relevance
and applicability of the study. However, one of the limitations of the
study is the temporal extent of the data used, as some of the factors are
derived based on a single year of data. It may affect the robustness of the
findings and may not fully capture the dynamic nature of drought risk.
While the study provides valuable insight, it is prudent to exercise
caution in generalizing the findings.

5. Conclusion

The paper has presented the spatial pattern of agricultural drought
risk as a function of hazard, exposure, and vulnerability in the Mun River
basin in Thailand. A multivariate approach considering drought dura-
tion and severity is applied to determine hazard, while exposure and
vulnerability are estimated using 18 proxy (physical and socioeconomic)
factors. Weights of each factor and sub-component of vulnerability are
obtained through AHP based on their relative importance identified by
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50 experts. Local adaptation measures adopted by farmers to cope with
droughts are an integral part of the drought risk framework.

Even though the rainfall in the entire basin is governed by southwest
monsoonal circulation, areas with high drought hazards are not neces-
sarily those with the lowest rainfall but rather characterized by high
rainfall variability. Drought exposure is highest in four southern prov-
inces, especially in the outskirt area of the provincial capitals with high
population density and crop productivity. Similarly, experts have
perceived higher importance of physical vulnerability than socio-
economical, both sub-components of susceptibility. However, to define
overall vulnerability, adaptive capacity is judged more crucial. Physical
vulnerability is higher in the Nakhon Ratchasima and Si Sa Ket prov-
inces, while socioeconomic vulnerability in Buriram and Surin provinces
and overall drought vulnerability is highest in central locations of the
basin in Nakhon Ratchasima, Buriram, and Surin provinces. The
aggregated drought risk map shows that 22% of the basin has high to a
very high level of risk which includes nine districts in Nakhon Ratch-
asima, nine districts in Buriram, six districts in Surin, fourteen districts
in Si Sa Ket and one district in Maha Sarakham provinces.

An extensive questionnaire survey among 122 respondents at two
hotspot districts with similar hazard levels and opposite vulnerability
levels shows that the local adaptation practices significantly reduce the
community’s vulnerability and risk. Farmers in Dan Khun Thot district
in Nakhon Ratchasima have diversified crops with those requiring less
water, use high-efficiency irrigation (drip and sprinkler systems),
construct farm ponds to store water during the rainy season and use it
during the dry season, mix planting, etc. as adaptive measures to build
their resilience against drought. So even though the drought suscepti-
bility is high, the vulnerability is low. In contrast, farmers in Phlapphla
Chai district in Buriram have been found to practice adaptation mea-
sures far too little. Despite low drought susceptibility, the district has
high vulnerability and risk. This field survey clearly shows that pro-
moting adaptation at the farm level is an effective way to cope with
droughts.

The study is helpful for agricultural water management interventions
to enhance climate resilience and improve regional drought prepared-
ness and response. The framework for assessing agricultural drought risk
incorporates several pertinent factors, including water management
practices at the farm level, providing valuable insights into effective
water use for sustainable agriculture. Better use of climate information,
farm ponds to harvest rainwater, shifting cropping patterns and crop
variants, and high-efficiency irrigation (springer and drip) are proven
successful management practices in the study area. Water availability
will continue to be a pressing issue in agriculture, the backbone of the
livelihood of local people in the study area. With the expansion of
cultivation areas and competition among various sectors for this valu-
able resource, water management challenges are progressively
increasing. In addition, selected water management measures for agri-
culture must be socially, economically, and environmentally acceptable
(Chaudhary and Srivastava, 2021). The latest water management tech-
nologies are either inaccessible or ineffective at farm levels, especially in
developing countries. Thus, local practices adopted by the farmers, with
support from the government, could be a better alternative. The
disparity among the measures farmers took in the two districts consid-
ered in the study also highlights the significance of targeted water
management interventions. As soil moisture is an important input to
meet crop demand, farm-level practices such as mulching, tillage, cover
cropping, and contour farming can help preserve soil moisture by
reducing evapotranspiration and surface runoff. It is recommended that
the districts in each province identified to have high and very high
drought risk be prioritized by the local government to encourage prac-
ticing farm-level adaptation measures and provide the necessary sup-
port. Based on the adaptations which are successfully implemented in
the basin and other similar regions, some suitable measures of the basin
could be building farm ponds at the household level, repairing existing
irrigation projects to make them operable, implementing subsurface
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floodwater harvesting systems, shifting cropping dates, switching to
crops with shorter growing periods and less water requirement. These
measures can improve the resiliency of farmers against drought, which
is particularly important as climate change will make future droughts
more severe and longer.
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UN-Habitat: National CCVA in Lao PDR - Preliminary Results

1. Introduction

The Ministry of Natural Resources and Environment (MoNRE), in collaboration with UN-Habitat
Office in Lao People’s Democratic Republic (PDR), supports the development of a national-level
Climate Change Vulnerability Assessment (NCCVA) in Lao PDR.

The assessment will contribute towards achieving MoNRE's five-year plan and National Assembly
targets. The results may be a meaningful input for the development of the 9th Social and Economic
Development Plan of Lao PDR, as are expected to build knowledge on the climate vulnerability
status in order to identify climate change adaptation opportunities at the national, regional and local
levels.

UN-Habitat in Lao PDR had developed of climate vulnerability assessment model. In 2017, it
conducted multi-scalar vulnerability assessments of 189 villages distributed in 8 districts of
Sekong, Saravane and Attapeu provinces. 3 provincial-level and 8 district-level vulnerability
assessments were completed and climate change action plans were developed at the provincial,
district and village level, contributing substantially to the improvement of adaptation to climate
change in southern Lao. MoNRE has requested UN-Habitat to scale-up the methodology applied
in that opportunity, in order to expand the area assessed and collect a higher volume of data in a
short period of time.

2. Objectives and Methodology

The purpose of the NCCVA is to respond to the pressing need for the development of better planning
and investment strategies that mainstream climate change effects, improving risk management.
Thus, the main objective of the NCCVA is to enable national and sub-national authorities in Lao PDR
to make informed planning decisions to adapt to climate change. By providing a comprehensive
assessment, national and local government capacities, policies and legal frameworks will be
strengthened, setting the grounds for further adaptation processes that respond to current and
future needs.

The assessment methodology was designed for obtaining quick, reliable and up-to-date
information through the analysis of quantitative data. Secondary data, such as annual rainfall,
average temperatures and updated shapefiles of infrastructure and services, was provided by
MoNRE and analysed by UN-Habitat experts. Results from the Population and Household Census
2015 were also incorporated in the analysis.

In addition, participatory data collection methods were used to obtain village-level primary data
through provincial and district level Natural Resources and Environment Offices (PONRE and
DONRE), helping capture the main challenges faced by communities. District-level surveys were
designed to collect data from all the villages within its jurisdiction, filled by district focal points
and collected by the respective PONRE. The information was then digitalized and provided to UN-
Habitat in an agreed format.

The results exposed below are preliminary findings of the on-going process and focus on
vulnerability to hazards, which could be identified through the data analysis. The second phase
of the assessment will entail the validation of results, and will be conducted after defining a
representative sample of villages on each district, covering the 18 provinces assessed.
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3. Preliminary Results

The survey has explored the occurrence of floods, droughts, landslides and storms during 2019 in
Lao PDR. Earthquakes, which are not climate change induced hazards, were also included in the
analysis as they contribute to the increase in vulnerabilities. While there is no information on the
impacts’ intensity, preliminary results show that droughts were the main hazard experienced in
human settlements (in 25 per cent of the villages affected), followed closely by floods (20 per cent).
The number of people affected by both hazards adds up to 2,852,884, distributed in nearly 4,000
villages across the country (see Table 1 below).

Human settlements in Lao PDR are highly vulnerable: 46% of the villages
have been exposed to at least one climate change-related hazard. This

represents about 3 million people affected. 47% of the villages in the
country have been exposed to at least one hazard (including earthquakes).

Geographical patterns in the distribution of the villages affected can be identified as follows, making
more likely the occurrence of a particular hazard in specific areas of the country.”

Droughts were identified mainly at the north, with higher degrees of concentration in the
provinces of Bokeo, where 62 per cent of the villages experienced at least one episode
in 2019, Oudomxay, Luangmantha and Luangprabang. On the other end, southern and
central Saravane, Champasak and Kammuane Provinces, as well as Vientiane Capital, have
registered experiencing droughts in less than 7 per cent of their settlements.

i

Regarding floods, the trend is quite the opposite with southern provinces concentrating the
highest figures: nearly half of the villages of Champasak, Attapeu and Sekong Provinces
have registered impacts in at least one occasion last year.

Storms and landslides' recurrence is significantly lower compared to other hazards, affecting
15 per cent of the villages (less than a million people) in 2019. In both cases, southern Attapeu
and Sekong provinces ranked first and second respectively, according to their number of
villages affected. While landslides are reportedly more frequent in the north —presumably due
to the mountainous geography of the country- storms do not seem to follow a clear pattern.

Earthquakes have affected only 2 per cent of the villages surveyed, and were located in
6 provinces. Nearly half of the villages affected are part of north-western Luangnampha,
Luangprabang and Xayabury Provinces.

- W

While 34 per cent of the villages were affected by a single hazard in 2019, 13 per cent of the
settlements registered being impacted by two or more hazards that year, including earthquakes
(Figure 1). The most common hazard combinations are: (i) droughts and landslides; (ii) droughts and
floods; and (iii) floods and landslides.

As shown by the darker colours in the multi-hazard map (Figure 2), Attapeu and Champasak, in the
south, and Oudomxay, Luangmantha and Luangprabang in the north, concentrated most climate
change impacts last year.

_ % Villages | N°Villages | People Exposed g 3000
Earthquakes 2% 211 177,717 g
Storms 6% 552 499,190 ; o
Landslides 9% 806 500,690 g 1000
Floods 20% 1704 1,507,897 g
Droughts 25% 2128 1344987 1 Hazard 2 Hazards3 Hazasds 4 Hazards 5 Hazards
Table 1. People exposed per type of hazard. Figure 1. Exposure to hazards.
Source: UN-Habitat Lao PDR Source: UN-Habitat Lao PDR
1 Graphs correspond to the number of villages exposed to a specific hazard divided by the total number of

villages within the same province.
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Figure 2. Multihazard Map.
Source: UN-Habitat Lao PDR
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4. Preliminary Recommendations

General recommendations:

1) Undertake nation-wide risk analysis to assess a) level of hazard, incorporating both
probabilities of occurrence and the anticipated potential damages; b) vulnerability (e.g. exposure
and coping capacity) in the disaster-prone areas and; c) risk (estimated on annual basis) to inform
the mitigation and response plan.

2) Establish easily accessible dataset: invest in the collection of data using satellite image,
GPS and zoning map to establish comprehensive information systems that are easily accessible
at each level of planning (e.g. states, municipalities, water basin authorities, etc.). Data should also
include community records and media accounts of historical events, their impacts, and climate
projections produced by government agencies, university researchers and relevant stakeholders,
along with a set of best practice principles and guidance.

3) Develop a national disaster risk management action plan, which defines the strategies
and priorities for flood risk management, for example; promote investment, capacity building and
training at all levels, ensuring cooperation between national agencies and ministries as well as with
regional organisations.

4) Set aside national expenditure to support natural disaster risk management: add
requirements to support, for example, floods or landslides risk assessment in the existing climate
change management programs, conduct cost-benefit analysis and plan a specific natural disaster
risk management and response.

5) Strengthen financial protection against natural disasters to increase the financial resilience
of vulnerable provinces/cities by establishing new — or scaling up existing — risk financing
instruments, including insurance and other market-based instruments.

6) Establish a taskforce unit on specific natural disaster: define mitigation measures, monitor
annual occurrence, establish national and local preparedness plans, train provincial and district
staff, and implement simple, low-cost solutions.

7) Establish early warning systems to ensure hazard monitoring, forecasting and prediction,
disaster risk assessment, communication and preparedness activities systems and processes
that enable individuals, communities, governments, businesses and others to take timely action to
reduce disaster risks in advance of hazardous events.

8) Conduct awareness raising at ministries, educational institutions and others (e.g. public
information meetings and/or consultation workshops) to inform both the policymakers and general
public, including children, on existing risks and what to do in a crisis. Where possible, launch
simulation exercises of a specific event (e.g. floods, landslides) to involve the local population,
recommend behaviours and good practices in case of crisis by making them face a specific
situation.

9) Promote resilient infrastructure and development of resilient cities by investing in resilient
and sustainable transport systems, infrastructure, water resources and housings, for example, in
order to avoid infrastructure disruptions and wide-ranging socio-economic costs for institutions
and households in the event of natural disasters.
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A: Recommendations for flood risk mitigation, management and protection:

1) Produce an accurate national flood map based on a) hydrology or how much water will
flow in a certain flood event, using stream-gage records or other means to make the projections; 2)
cross sections of the floodplain to calculate a hydraulic model on how high the flood level will get
with certain amount of water in the steam; and (3) a topographic map of the land in and adjacent to
the river or coast (including underwater profile) to accurately calculate the flood level and to show
the buildings and ground that will be inundated when that level of flooding occurs.

2) Establish the national flood management committee that coordinates and resolves issues
related to planning, funding, constructing, and maintaining flood risk management and ecosystem
restoration projects, while maintaining active liaison with relevant agencies.

3) Establish Flood Risk Management Program (FRMP) to focus on the policies and programs
toward reducing overall flood risk. This include the appropriate use and resiliency of structures such
as levees and flood walls, as well as promoting alternatives (e.g. land acquisition, flood proofing,
etc.) to reduce the risk of loss of life, long-term economic damages to the public and private sector,
and improve the natural environment.

4) Establish national flood insurance programmes and/or invest in flood risk financing that
would offer support to the affected population recover quickly after a flood. Studies indicate that the
countries with broad insurance coverage for disaster risks (for example, most of OECD countries)
tend to have limited economic disruption as a result of disaster events.

5) Institute land use planning and zoning tools. National government and local municipalities
can institute zoning laws in their comprehensive plans in order to prevent development of residential
and commercial properties in flood-prone areas, which can further restrict where buildings can be
constructed, and if these buildings must be flood-proofed.

6) Adapt the methods to structurally control floodwater such as the following:

. Flood-walls: usually constructed out of materials such as concrete or steel in order
to control the flow of flood waters and prevent the flooding;

Levees: an embankment constructed by engineers out of organic materials such
as earth and stone in order to prevent the flooding from a free-flowing body of water in a
specific location such as a residential community;

Fills: an area of land dug out usually behind a levee in order to capture excess flood
waters and prevent flood damage to human structures;

. Dams: can produce hydroelectricity as well as regulate water levels by opening
and closing the retaining doors;

Reservoirs: slow down the flow of the river downstream and can also be used for
fresh water for a community as well as a preserve for fish and wildlife;

Reducing bed roughnes: smoothes the bed of the river that allows for the river to
flow faster and reduces the likelihood of a flood;

. Alterning stream channels: similar to reducing the riverbed's roughness, it
additionally creates a V in the river bottom, thereby deepening, as well as increasing the
speed of the river, and reducing the risk of flooding because the water flows away from the
floodplain areas quicker; and

Flood-proofing: involves raising the foundation of the building, berms, flood walls,
and/or sealant in order to prevent or reduce the damages inflicted from flood waters.
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B: Recommendations for landslide risk mitigation, management and protection:

1) Conduct detailed landslide mapping and surveys to identify the problem. This include
mapping of upstream and side periphery zones of the landslide, downstream of the landslide,
the sedimentation zone, and main landslides, in addition to some measurements to specify the
distance, profile, plan, and cross section. Based on these, the common problems can be identified
such as slope cutting, over saturation and excess weight to provide appropriate response.

2) Once issues are identified, some construction techniques to prevent landslides can be as
follows:

. Land use improvement: includes conservation plantation, grass plantation, on-
farm conservation, agro-forestry, safe water drainage, and runoff harvesting ponds or
dams in the catchment;

Drainage management: prevents runoff from flowing into landslides and to drain
the excess water from landslides through surface and subsurface drainage management;

Surface erosion control: includes grass or tree sapling planting, jute netting,
mulching, wattling, and brush layering;

Erosion control inrills: include fascine, contour grass planting, rip-rap, and palisade
(wide rills);

Erosion control in gullies: include palisade (small gullies), and check dams made of
brushwood, stone, boulders, gabions, masonry, or concrete;

Slope failure due to slope cutting or steep slope: includes crib walls of bamboo,
poles, or concrete, retaining or toe walls of stone, gabion, masonry, or concrete. Anchoring
may be used in a deep-seated landslide to bolt the rock bed;

. Slope failure due to heavy load on slope upstream of landslide: includes excavation
to remove rock and soil from the head of a landslide to reduce the driving force, and filling
rock at the toe of the landslide to increase resistance against movement;

Slope failure due to toe cutting by stream/river: includes revetment, spurs, or a
riprap toe wall to prevent cutting by the stream or river; and

Protection of the landslide area from biotic interference: different species can be
used in soil conservation to protect the vulnerable areas.

C: Recommendations for drought risk mitigation, management and protection:

1) Set up national policies to promote drought resilience in accordance with community-
based policies and practices, encouraging practices that reduce vulnerability to drought such as
tree planting and sustainable irrigation systems. This should also take into consideration of other
long-term planning and policies related to agriculture, water, food security, and hazard planning and
the broader governance and policy on disaster risk management such as the Sendai Framework for
Disaster Risk Reduction 2015-2030.

2) Identify drought risk, assess the impact and establish early warning systems: these include
hazard risk assessment, monitoring and analysis, vulnerability and capability analysis, assessments
of possible impacts, and the development of early warning and communication systems.



* The following infographics are work in progress and intend to summarize
relevant information that is key for developing a vulnerability profile of each
of the provinces in Lao PDR.



N°1 VIENTIANE CAPITAL

Vientiane Capital province is the capital of Lao PDR. It is located
in the western side of the country, bordering Thailand to the
south. It has an area of 3,640 square kilometres divided into
11 small districts. With a total population of 819,466 people,
Vientiane Capital is the smallest province with the highest
population within the country. Vientiane Capital also can be
considered the largest city in Lao PDR. The analysis shows
that floods are the main climate change-related hazard in
the province, affecting, over four times the people affected by
storms, the second major threat in the area. The most affected
villages are concentrated in Xaythany and Naxaithong districts,
in the centre of the province. Storms mainly impact southern
Hadxaifong and little areas of Mayparkngum district. Adaptive
capacity levels are high, since primary DRR resources are in
place.
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N°2 PHONGSALY

Phongsaly province is located in the northmost of Lao
PDR, bordering Vietnam to the east and China to the north.
Predominantly mountainous, the province has an area of
15,513 square kilometres, which is divided into 7 districts, and
a total population of 177,429 people. The analysis shows that

the province is impacted by climate change related hazards,
especially by droughts that affect 34 per cent of the villages. Nhot
ou is the most vulnerable district as it is exposed to a greater
number of threats (especially Karng village, in the northwest of
the district, which is highly affected by all types of hazards), while
villages in Sampanh district are widely affected by droughts.
Storms and droughts also hit some areas of Phongsaly district,
and both floods and landslides coincidentally affect villages
of Boon neua district. Adaptive capacity levels are high, since
most primary DRR resources —except for evacuation centres-
are in place.
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N°3 LUANGNAMTHA

Luangnamtha province is located in northern Lao PDR, bordering
Myanmar to the northwest and China to the northeast. The
province has an area of 9,498 square kilometres, which is divided
into 5 districts, with a total population of 174,477 people. The
analysis shows that the province is moderately impacted by
climate change related hazards, with 4 out of 5 districts (38

per cent of the villages) reportedly experiencing droughts and
2 out of 5 districts (32 per cent of the villages) experiencing
earthquakes. The highest number of villages impacted by
earthquakes within Lao PDR are in Luangnamth, totalling 116
villages. Nalae and Viengpoukha district are greatly affected
by both droughts and earthquakes , while Long and Namtha
district are affected to less extent. Viengpoukha is the only
district affected by floods, while landslides are also reported in
few villages of Nalae, Namtha districts. Adaptive capacity levels
are moderate, since no DRR plan has been developed for this
province.
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N°4 OUDOMXAY

Oudomxay province is located in northern Lao PDR, bordering
China to the north. The province has an area of 12,079 square
kilometres, which is divided into 7 districts. With a total
population of 308,898 people, Oudomxay is highly exposed
to climate change hazards, as over half of its population was
reportedly hit by droughts. While all districts are vulnerable
to this hazard, the highest number of affected villages are
concentrated in Hoon district. Villages in northern Namor
and southern Pakbeng district are exposed to a greater
number of threats, including floods, storms and landslides.
The mountainous southeast of Beng district, in the centre of
the province, is also highly vulnerable to floods and storms.
Adaptive capacity levels are moderate, since the province lacks
a master plan and evacuation centres.
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N°5 BOKEO

Bokeo province is located in the northwest of Lao PDR,
bordered by Thailand in the west and Myanmar in the north.
Predominantly mountainous, it has a total area of 6,812
square kilometres, which is divided into 5 districts, and a total
population of 179,243 people. The analysis shows that the

southern areas of the province are highly impacted by climate
change related hazards, with 4 out of 5 districts (63 per cent of
the villages) reportedly experiencing droughts. These, as well
as floods, storms and landslides mainly affect villages in Pha
oudom district. Droughts also hit a high proportion of villages
in Paktha district, villages in Tonpheung district and some at
the west of Huoixai district, which are also affected by storms
to a lesser extent. Adaptive capacity levels are moderate, since
primary DRR resources, such as EWS and DRR plan, are not in
place
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N°6 LUANGPRABANG

Luangprabang province is located in northern Lao PDR, bordering
Vietnam to the northeast. Predominantly mountainous, the province
has an area of 19,949 square kilometres, which is divided into 12
districts. With a total population of 431,889 people, Luangprabang is
the second largest and fourth most populated province in Lao PDR.
The analysis shows that the province is highly impacted by climate

change related hazards, with 11 out of 12 districts (56 per cent of
the villages, nearly 193 thousand people) experiencing droughts.
Phontong district, northeast of the province, is the most exposed
area, experiencing floods, droughts, storms and, to a lesser extent,
landslides. The southern tip is also highly exposed, with all 51
villages in Nan district experiencing both droughts and earthquakes,
a high number of which are also affected by landslides. While
Viengkham and Pak xeng districts are highly vulnerable to droughts
and landslides, Phonxay district is mostly affected by droughts
and floods. Adaptive capacity levels are high, since primary DRR
resources are in place.
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N°7 HUAPHANH

Huaphanh province is located in the northeast of Lao PDR,
bordering Vietham to the east. Predominantly mountainous,
the province has an area of 17,193 square kilometres, which is
divided into 10 districts with a population of 289,393 people.
The analysis shows that the province is moderately affected by
climate change related hazards. Droughts are the main hazard

identified and, together with landslides, and floods, affect a
high proportion of the villages in Sone, Sopbao and Xamneua
districts. Huameuang and Viengxay districts, at the south and
east respectively, are highly affected by floods and landslides;
while the northern district of Xiengkhor is highly affected by
droughts and also landslides. Villages in Kuane district, at the
south, are mostly hit by droughts. Adaptive capacity levels are
high, since most primary DRR resources are in place.
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N°8 XAYABURY

Xayaburi province is located in the westmost part of Lao PDR,
bordering Thailand to the west. It has an area of 15,538 square
kilometres divided into 11 districts, and a total population
of 381,376 people. The analysis shows that the province is
moderately impacted by climate change related hazards, with
droughts affecting about 90,000 people in 4 districts, (namely
Xienghone, Phiang, Parklai and Thongmyxay), followed
by storms, distributed across the province. The highest
percentage of villages affected by floods are in Thongmyxay
district, the most vulnerable district of the province, as it is also
hit by droughts and storms. Additionally, villages in northern
Hongsa and neighboring Xaysathan district were affected by
earthquakes in 2019. Adaptive capacity levels are high, since
primary DRR resources are in place.
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N°9 XIENGKHUANG

Xiengkhuang province is located at the centre of Lao PDR,
bordering Vietnam to the east. Predominantly mountainous, it
has an area of 12,922 square kilometres divided into 7 districts
with a total population of 244,684 people. The analysis shows
that the province is moderately impacted by climate change
related hazards, with droughts affecting nearly a fifth of the

population at the centre of the province, mainly in Khoune
district. While few villages in the north of Kham and Khoune
districts are affected by multiple hazards, such as floods,
storms and landslides, other villages within the district face
different hazard combinations, such as droughts and landslides,
or landslides and floods. Eastern Pek, Pakhay, Phoukoud and
Morkmay districts are significantly less vulnerable than the rest
of the areas. Adaptive capacity levels are high, since primary
DRR resources are in place.

POPULATION MULTI-HAZARD MAP

244,684 total

48.6% female

Phoukoud

IMPACTED AREAS
Floods Droughts
L]
13% i,
Ly ==Y

PEOPLE AFFECTED

“-' i }-'r. o~ Floods 32,180
i Droughts 50,832
AT e -
Seaden P “‘w_,::? Landslides 35,110
Ay -~ L Storms 7,189
Storms Landslides ADAPTIVE CAPACITY
ﬁ y 29 i"' A 16% Provincial Master Plan Yes
: . . Early Warning System Yes
_,f’_F""'}<'-- ,a-’“t \5_ ™ J__rz""--- o p et
},S; & - r“g; ' v Disaster Risk Reduction Plan Yes
Gt y _ S A
. : ¥ g =" Evacuation Center Yes
o v o < =
s "r B “gkm Weather Monitoring Station Yes
Sl 7l o g
e e B

Mg 5 Water Level Monitoring Station Yes




N°10 VIENTIANE

Vientiane province is located in the centre-west of Lao PDR,
bordering Thailand to the southwest. It has an area of 12,513
square kilometres divided into 11 districts with a total population
of 419,090 people. The analysis shows that the province is
moderately impacted by climate change related hazards.
Landslides are predominant in montainous Vang Vieng and
Kasy districts. The latter is the only district that is also affected
by floods and storms. All the villages in Keo oudom and Meun
districts, and a high proportion of those in Feuang district
are affected by droughts. Adaptive capacity levels are low,
since primary DRR resources, such as early warning system,
evacuation centres and weather monitoring stations are not in
place.
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N°11 BORIKHAMXAY

Borikhamxay province is located in central Lao PDR, bordering
Vietnam to the east and Thailand to the west. The province has
an area of 15,384 square kilometres, which is divided into 7
districts, and a total population of 273,691 people. The analysis
shows that the province is impacted by climate change related
hazards, especially in mountainous areas, with nearly a quarter
of the total population being exposed to droughts. Villages in
Xaychamphone, Viengthon, Bolikahn and Thapabath districts,
at the north, report a greater number of threats, while Pakxane,
Pakkading and Khamkeuth districts are affected to a lesser
extent. Landslides mainly occur in high lands of the eastern
district of Xaychamphone and western Thapabath. Adaptive
capacity levels are high, since primary DRR resources are in
place.
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N°12 KHAMOUANE

Khammuane province is located in central Lao PDR, bordering
Vietnam to the east and Thailand to the west. The province has
an area of 16,735 square kilometres, which is divided into 10
districts with a total population of 390,664 people. The analysis
shows that the province is slightly affected by climate change
related hazards, with about 27 per cent of the villages (over
100,000 inhabitants) within the province reportedly affected
by floods, mainly in lowlands. Villages in the central districts
of Nhommalath and Thakhek and southern Xebangfay are
exposed to a greater extent, while Bualapha, Hinboon, and
Kounkham districts are less exposed. Adaptive capacity levels
are high, since primary DRR resources are in place.
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N°13 SAVANNAKHET

Savannakhet province is located in southern Lao PDR, bordering
Vietnam to the east and Thailand to the west. Predominantly
flat, it has an area of 21,290 square kilometres, which is divided
into 15 districts. With a total population of 962,373 people,
Savannakhet is the largest and most populated province in
Lao PDR. The analysis shows that the province is impacted

by climate change related hazards, with 14 out of 15 districts
(36 per cent of the villages) and a over third of its population
affected by floods. Villages in Sepone district, at the east, and
Songkhone, and Thapangthong districts, at the south, are the
most vulnerable as they register floods, droughts, storms and
landslides. While Sepone, Xonbuly and Phine districts are largely
hit by floods, All the villages in Songkhone and Phalanxay have
been affected by droughts. Adaptive capacity levels are high,
since primary DRR resources are in place.
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N°14 SARAVANE

Saravane province is located in southern Lao PDR, bordering
Vietnam to the east and Thailand to the west. The province has
an area of 10,108 square kilometres, which is divided into 8
districts, and a total population of 396,963 people. The analysis
shows that the province is moderately impacted by climate

change related hazards, with nearly a quarter of its population
being affected by floods. While all hazards hit villages in
Toomlarn district, at the north of the province, Samuoi and
Saravane districts are also exposed to floods and storms. Floods,
presumably because of the geographical characteristics of the
area, affect more than half of villages in Khongxedone district,
which is a quite flat watershed that receives water from higher
land. Landslides and droughts are rare across this province.
Adaptive capacity levels are high, since primary DRR resources
are in place.
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N°15 SEKONG

Sekong province is located in southern Lao PDR, bordering
Vietnam to the east. The province has an area of 8,285 square
kilometres, which is divided into 4 districts. A total population
of 113,170 people makes Sekong the second least populated
province in Lao PDR. The analysis shows that the province

is highly impacted by climate change related hazards, with
floods and landslides being the main threat registered within
the province. While droughts mostly affect villages in Thateng
district, this area is also vulnerable to floods and storms.
Villages in Kaleum district, in the north, and Dakcheung, in the
southeast, are highly affected by floods, storms and landslides.
Lamarm district only registers floods on its western area.
Adaptive capacity levels are low, since primary DRR resources,
such as DRR plan, evacuation centres and provincial Master
Plan are not in place.
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N°16 CHAMPASACK

Champasack province is located in the southmost of Lao
PDR, bordering Cambodia to the south and Thailand to the
west. The province has an area of 14,895 square kilometres,
which is divided into 10 districts. With a population of 694,023,
Champasack is the third most populated province in Lao PDR.
The analysis shows that the province is highly impacted by

climate change related hazards, with 51 per cent of the villages
experiencing floods that affect nearly half of the population.
While the majority of the affected villages are concentrated in
the northeast of the province, in Paksxong district, exposure
to floods is high to the centre of the province, thus affecting
villages in all the districts, especially southern Khong. Sukhuma
district, situated in the flatter region, is mainly hit by storms
while landslides mostly strike villages in western Moolanpamok.
Adaptive capacity levels are high, since primary DRR resources
are in place.
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N°17 ATTAPEU

Attapeu province is located in southern Lao PDR, bordered by
Cambodia in the south and Vietnam in the east. The province
has an area of 10,237 square kilometres, which is divided into
5 districts. With a total population of 139,628 people, Attapeu
is the third lowest populated province in Lao PDR. The analysis
shows that the province is highly impacted by climate change

related hazards. High proportion of villages in Phouvong and
Sanamxay districts are affected by floods, droughts, storms and
landslides. Phouvong, Samakkhixay, Sanamxay and Xaysetha
are highly affected by floods, while Sananmxay, Sanxay and
Phovong districts are highly impacted by droughts. Sanamxay
and Phouvong districts, which are situated in the flat areas of the
provinces, are highly affected by storms. Mountainous regions
of Sanxay and Xaysetha districts are impacted by landslides as
well as few flatter regions of Sanamxay district.
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N°18 SAYSOMBOUN

Saysomboun province is located in northern Lao PDR, with no
touching borders to any neighbouring country. The province
has an area of 7,958 square kilometres, which is divided into 5
districts. With a total population of 85,168 people, Saysomboun
is the third smallest and least populated province in Lao PDR. The
analysis shows that the province is slightly impacted by climate
change related hazards, with landslides being the major threat
in 3 out of 5 districts (12 per cent of villages). While that is the
main hazard registered in Longcheng, Longsane and Anouvong
districts, the latter is also affected by droughts. Floods are only
registered in the northern tip of Home district. Adaptive capacity
levels are low, since primary DRR resources, such as DRR plan,
evacuation centres and water level monitoring stations are not
in place.
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1. INTRODUCTION

1.1 THE DROUGHT SITUATION IN THE LOWER MEKONG BASIN
1.1.1 Recent droughts

Drought is one of the main natural disasters in the Lower Mekong Basin (LMB). The LMB has
been experiencing severe drought hazards, which have caused serious economic losses due to
damages of agricultural crops, negative impacts on the environment, and effects on people’s
livelihoods. The most common impacts of drought in the LMB region are indicated by
considerable drops in annual and seasonal crop yields impacting local communities’ income as
well as the country’s economic growth as a result of deficient rainfall. This leads to: shortages
of water; critically low flow along the Mekong Mainstream and its main tributaries, which
causes problems to the riverine transportation service at some parts of the river and reducing
water diversion from the Mekong to its tributaries for agricultural irrigation. In addition, the
high temperatures in local communities cause water shortages, which impact household water
use and causing health issues, as well as forest fires, animal deaths and loss of aquatic lives
mainly due to severely low water levels in agricultural ponds. Moreover, there is a high level
of salinity intrusion by sea water in the Mekong Delta of Viet Nam as a result of severely low
flow in the mainstream, which results in an astronomic decline of agricultural production and
daily water supply due to a deficiency of freshwater for irrigation and local consumption.
Regarding the economic situation, drought contributes to major movements of local labour
from the agricultural sector to the industrial sector in the main cities and sometimes abroad
when many agricultural lands are abandoned due to lack of water for cultivation during
drought years.

The duration and severity of the drought impacts have significantly increased over the past
two decades compared to those observed during drought events in earlier years. In addition,
with different climate scenarios, the LMB is likely to see more severe droughts in the next 30,
60 and 90 years due to less precipitation, high air temperature and high evapotranspiration.
The increase of population, from currently around 65 million people relying on the Mekong
water to around 100 million people in ten years, will also increase water demands from all
sectors. The most recent drought events that brought economic hardship to the area,
significant damages to the environment, and a severe shortage of water to the water use
sectors, communities and people livelihoods were in 2016 and 2019.

The drought in 2016 had broken the Mekong River Commission’s (MRC) 100-year historical
record for widespread water scarcity, high temperatures, low flows and severe levels of salinity
intrusion in the Mekong Delta. The impacts brought serious economic losses to Thailand,
estimated at USS1.7 billion (TBH 62 billion).! The Government of Thailand recognized the
seriousness of the threat posed, considered it the highest priority issue faced by the country,
and put in place immediate drought relief measures to address community concerns. The

1 See Apinya (2016).



official Thai national drought status report (5 February 2016) listed 55 districts, 290 counties,
2,666 villages and 14 provinces, including 13 provinces that lacked sufficient water for
agriculture. Hence, over 50% of the total area of the Mekong watershed in northeastern
Thailand was declared to be in a critical drought state.

The Government of Viet Nam reported that more than 200,000 tons of rice were damaged,
resulting in a loss of over VND 1 trillion (US$44.64 million) to the Mekong Delta region. The
Ministry of Agriculture and Rural Development (MARD) reported in early 2016 that saltwater
intrusion appeared two months earlier than previous years due to seriously low river water
flows. The salinity in the Vam Co, Tien and Hau Rivers and other rivers near the West Sea was
higher than average levels previously experienced. Moreover, salt water intruded 50-60 km
upstream into the mainland and as far as 93 km in the vicinity of the Vam Co River, i.e. around
15-20 km upstream from previous years. MARD considered this the worst saltwater intrusion
in history affecting the rice-producing hub of Viet Nam. From the winter of 2015 to the dry
season 2016, more than 339,200 ha of paddy rice in coastal Mekong Delta provinces were
affected by saltwater intrusion and drought, accounting for 35.5% of the rice-producing area
in these localities and 21.9% of the region’s total rice-producing area. Of the 339,200 ha,
104,000 ha were severely impacted. The total damage costs of the 2016 drought was
estimated at US$669 million (VND 15 trillion)? with recovery costs projected at US$1.5 billion
(VND 34 trillion).3

In Cambodia, water scarcity started looming in rural areas in early 2016, affecting both
agriculture and domestic water consumption. The National Committee for Disaster
Management (NCDM) announced on 24 April 2016 that drought had caused water shortages
in 18 out of 25 provinces, with 2.5 million people lacking access to reasonable amounts of
water for drinking and hygiene.

In Lao PDR, the 2015 drought that started in December 2014 affected more than 1,000
hectares (ha) (2,470 acres) of upland crop areas, with 420 ha (1,040 acres) reported as
seriously damaged according to Agriculture and Forestry Department officials in the province.
More than 104,000 ha (256,990 acres) of freshly planted rice seedlings were also affected; i.e.
around 48,000 ha (118,610 acres) in the districts of Ngeun, Xienghon, Phieng and Kaenthao
sustaining notable damage. Additionally, crops such as sweet corn, sesame and Job's tears
(Coix lacryma-jobi) were affected on more than 8,000 ha (19,770 acres), of which around 3,800
ha (9,390 acres) were reported as damaged.* The drought continued up to 2016.°

The reference period for the analysis of the 2019 drought 2006—2017 period. Both soil
moisture across the entire LMB and water volumes in the Mekong River define the severity of
the drought situation for the population, agriculture, the environment and livelihoods. The
meteorological and hydrological impacts of the 2019-2020 drought are well documented and
are presented in the Annual Hydrology, Flood and Drought Report 20196 and in Mekong River
Low Flow and Drought Conditions 2019-2021.7

2 Vnexpress (2016).
3 Michael (2016).

4 Joshua (2015).

5> Brooks (2016).

6§ MRC (2021).

7 MRC (2022).



Increasing dry season flows and lower wet season flows are characteristic of the expansion of
storage in the Basin. Conclusions drawn from the MRC (2022) study include, but are not
limited to, the following:

e Normally, the reservoirs in the Upper Mekong Basin (UMB) store water in the wet
season, but this was less marked in 2019, and resulting flows from the UMB were lower
in the dry season of 2020 due to drought conditions throughout the UMB.

e From 2019 to 2020, wet season rainfall over the LMB was lower in June and July, and
the total cumulative rainfall was lower than normal.

e Rainfall patterns shifted with higher rainfall occurring later, in September and October
of 2020 and 2021. This delayed the start of the reverse flows into the Tonle Sap Lake,
decreased the total volume of the reverse flow, and extended the period of the reverse
flows. This decreased the abundance and biomass of fish in the Tonle Sap and created
considerable hardship and economic losses for the people of the delta in the following
dry season.

e Thetwo largest reservoirs in the UMB, Xiaowan (commissioned in 2010) and Nuozhadu
(commissioned in 2014) were operational for several years before extreme low flows
were observed in the LMB between 2019 and 2021. This indicates that reduced rainfall
in the LMB was the primary factor contributing to the low flows during this period,
rather than the operation of the reservoirs. This is further evidenced by the observation
that the flow deficit increases downstream, with the reduced flows at Chiang Saen
representing only 31% of the deficit measured at Stung Treng.

e The opportunities for active management of the flows in the LMB, as originally
envisaged in Article 6 of the Mekong Agreement, are limited. However, it may be
possible to adjust the flows in the mainstream and consequently the reverse flows in
the Tonle Sap Lake using the existing storage. These actions must include the storage
in the UMB to make any meaningful difference.

e Any model to support these operations must balance the risks to hydropower
generation with the benefits to the timing and volume of the reverse flows into the
Tonle Sap Lake.

The risks to energy production will decrease with the duration of the wet season, as greater
certainty emerges over the likely levels of storage at the end of the wet season. Hence,
requests to the operators of the reservoirs to release more water are more likely to find fertile
ground towards the end of the wet season. However, seasonal forecasts of rainfall may provide
more certainty earlier in the wet season.

1.1.2 Climate change linked to drought

Several studies have indicated that the LMB is highly vulnerable to the impacts of climate
change. Climate change will likely cause a significant increase in flooding, drought, extreme
temperatures, and sea level rise in the Mekong Delta.® A research study by the United States
Agency for International Development (USAID) in 2014 estimates the value at risk for the LMB
based on five resource types — non-agricultural infrastructure services, worker productivity,
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crop production, hydropower generation, and ecosystem services — at approximately USS16
billion per year.®

According to research by the MRC Climate Change Adaptation Initiative, the Mekong region is
already undergoing significant changes, with evidence of trends and abrupt shifts during the
1981-2010 baseline period. Conditions in the latter part of this period were notably hotter
and drier compared to those at its beginning. Total precipitation per year is increasing across
most of central-east Thailand but decreasing elsewhere in the LMB.°

There is a wide range of potential future changes projected to occur over the next 20-50 years.
Temperatures are projected to increase across the basin and across seasons. By 2060, the
average annual basin-wide increase could be as low as 0.4C or as high as 3.3C, depending on
the global emissions trajectory and pattern of changes that follow.

Rainfall could increase or decrease with a significant variation in the magnitude of change and
the location of impacts. Average basin-wide change in rainfall by 2060 under the dry and high
emission scenario is projected to be -16%, and under the wet and high emission scenario, up
to +17%. The predicted annual basin-wide water yields in 2030 and 2060 under the dry
scenario indicate a reduction by 4-31% from the baseline, while under the increased
seasonality and wetter scenario, an increase of 1-20% from the baseline.!?

Regional variations are likely to see much wetter average annual conditions in the north of the
Basin under the wetter scenario, and drier average annual conditions from the north, over the
Khorat plateau and across the Tonle Sap region under the drier scenario.

As a consequence of climate change, current problems in the Mekong River Basin, especially
flood and drought, as well as salinity intrusion in the Mekong Delta area are expected to
worsen. These consequences are expected to be particularly harmful in Thailand, which is
prone to droughts, and Lao PDR, where an increasingly intense wet season further increases
the risk of floods. Cambodia, which heavily depends on the flow of the Tonle Sap system for
irrigation, agriculture, and fisheries, will suffer from floods as well as droughts; and in Viet
Nam, persistent low flows on the Mekong River will increase the threat of saltwater intrusion.

1.1.3 Drought management plan situation in the Member Countries

Unlike the flood management plan, the drought management plan is still new to most MRC
Member Countries. The governments of the four countries normally implement drought
management activities through the national action plan on disaster risk reduction and/or the
national strategic action on climate change. A specific drought management plan is still in its
initial stage of development and implementation.

9 USAID (2014).
10 MRC (2017b).
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CAMBODIA

The National Committee for Disaster Management (NCDM) is the main agency responsible for
carrying out national response action on drought risk reduction and recovery through
coordination with other national relevant agencies, local authorities, the Cambodia Red Cross,
United Nations agencies and non-governmental organizations (NGOs). The Ministry of Water
Resources and Meteorology (MOWRAM) is the key agency mandated to provide
meteorological and hydrological information, and monitor the drought situation, while the
Ministry of Agriculture, Forestry and Fisheries (MoAFF) is responsible for providing information
on agriculture and soil moisture to support drought management work.*? Cambodia adopted
the Law on Disaster Management in 2015, which outlines the roles and responsibilities of
national agencies and institutions, as well as the institutional structure for enforcement.

Cambodia does not yet have a separate national action plan on drought management. The
Government implements this national action plan through the Strategic National Action Plan
on Disaster Risk Reduction (NAP-DRR), which is the official framework for disaster risk
management for the country. Currently, NAP-DRR 2019-2023 is being implemented following
the implementation of NAP-DRR 2014-2018.

Additionally, some drought management actions are being implemented by MOWRAM
through the National Strategic Action on Climate Change, which focus on the following four
strategic areas:

e Improving hydrological planning and management and early warning

e Improving flood and drought management, through changes in design of reservoirs
and irrigation and protection infrastructure, especially in vulnerable zones

e Developing capacity of MOWRAM staff

e Promoting gender-responsiveness in climate change planning in the water sector.

LAO PDR

The Lao PDR Government is and will be implementing drought management action through
the following relevant national strategic action plans:

e National Strategy on Climate Change toward 2030

e Agriculture Development Strategy to 2025 and Vision to 2030

e Development Strategy of the Crop Sector 2025 and Vision 2030

e Plan of Action for Disaster Risk Reduction and Management in Agriculture 2014-2016
e Draft Policy and Strategy on Water

e Strategy on Climate Change of the Lao PDR

e National Adaptation Programme of Action to Climate Change

e Strategy Plan on Disaster Risk Management in Lao PDR.

The National Strategy on Climate Change toward 2030 aims to develop an action plan to adapt
to the future climate changing in flood and drought occurrence by defining priority adaptation
programme for the agriculture, forestry, water resources and health sectors. The programme
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focuses on several important priorities such as early warning, increased tolerance of seeds and
animal species, and sustainable water use for agriculture and local communities.*

THAILAND

Specific regulations — State Irrigation Act B.E. 2485 (1942) and People Irrigation Act B.E. 2482
(1939, the Groundwater Act B.E. 2520 (1977) — and the Act on Water Resources B.E. 2561
(2018) serve as the tools for protecting the surface water and groundwater, stipulate
conditions for economic utilization of water resources together with preserving and improving
the quality of surface water and groundwater, creating conditions for reducing the adverse
effects of floods and droughts and ensure the safety of water management structures. The
Water Act serves as the main legislative framework on water management. For the
administration of public water resources, which are either irrigation waterways or
groundwater, the Government has appointed the State Agency or local government
organization to be the leader for the supervision and maintenance of any particular public
water resources.'*

Under the Water Act, the Office of the National Water Resources, which is governed directly
by Thai Prime Minister was appointed in 2015 as the responsible agency for governing and
managing all water resources related issues in the nation. It was later renamed the National
Water Resources Commission, with essential tasks of monitoring and managing integrative
information, developing projects and plans, managing finance, and carrying out performance
evaluation of the projects.

The Government has been implementing drought management activities based on the
National Water Resources Management Strategies for 2018-2037. The aims of the 20-year
master plan of water resources management are as follows:

e To provide the consumable water and water supply for all people from both city and
urban communities and country-wide extensively with good quality, high standard and
reasonable price, as well as managing the water resources reasonably both in their
communities and regions.

e To supply main water resources to ensure security in the production, industrial and
other economic sectors, develop restored water sources, supply irrigation water to
rainfed and irrigated agricultural areas, and to develop groundwater supply for
agriculture.

e To prevent and reduce the damage from flood disasters in urban communities and
significant economic areas, mitigate and support the adjustment in agricultural areas,
and to increase drainage capacity, manage the damage of the overflow of riverbank
and develop the flood-prone areas.

e To restore rivers and natural water resources up to standard, reduce wastewater from
communities and develop wastewater treatment system and management for
communities including increasing the efficiency of wastewater management.

e To restore and conserve the watershed forest area in order to be the water flowing
abatement and significant ecology system.

13 MRC (2021b).
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In addition to the National Water Resources Commission of Thailand, the Department of
Disaster Prevention and Mitigation (DDPM)® is also working on disaster prevention and
mitigation including both natural and man-made disasters, specifically drought recovery,
through coordination with other national agencies and NGOs. The roles of DDPM are defined
by the Civil Defence Act, 1979.

VIET NAM

Several agencies working on drought management and mitigation mainly are the Department
of Meteorology and Hydrology, the Department of Water Resources, and the Department of
Climate Change Management under the Ministry of Natural Resources and Environment
(MoNRE), Viet Nam Disaster Management Authority, and the Department of Social Welfare®
under the Ministry of Labour and Social Welfare.

The Climate and Agrometeorology Division under the General Department of Meteorology and
Hydrology, Ministry of Natural Resources and Environment is the main agency that performs
short- and long-range weather forecasts by building and operating climatological models to
support farmers for their agricultural plantation. The Department of Climate Change
Management under the Ministry of Natural Resources and Environment is responsible for
developing the National Adaptation Policy on Climate Change and the National Adaptation
Plan of Action, which focus on the agriculture, water resources, forestry and public health
sectors. The Department focuses on priority projects addressing drought and develops
ecosystem-based guidelines for climate change adaptation. Moreover, the Plan for response
to climate change in 2021-2030 also focuses on these key mentioned sectors.

Additionally, the Viet Nam Disaster Management Authority, which became the Department of
Dike Management and Natural Disaster Management!’ under the MARD also performs climate
change monitoring work, develops annual mitigation measure plans for flood and drought,
and reports the situation to provincial offices for their early preparedness and planning on
adaptation and mitigation of the climate change-induced disasters.

The Department of Water Resources Management (MoNRE) is responsible for developing the
Law on Water Resources, which legislates on the minimum flow of the watercourses or river
basins where water use and development take place, specifically those under hydropower
projects in order to ensure the basic needs of livelihoods and sustainable ecosystems in the
Basin. This will help minimize hydrological drought in some areas. The technical guideline for
implementation under the Law on Water Resources has recently been revised and approved.

MARD has initiated the development of an action plan on disaster risk reduction and
management in agriculture through consultations with other relevant national agencies.
MoNRE and MARD have their own weather monitoring system, which is crucially important
for implementing action plans on drought impact mitigation and adaptation for the main
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economic sectors. The Department of Dike Management and Natural Disaster Management
(under MARD), acting as the Standing Office of the Central Committee for Natural Disaster
Management, carries out drought monitoring, management and response at the national and
sub-national levels. The responsibilities of MoONRE and MARD are defined clearly under the
Law on Irrigation (2017). Under Decision No. 342/Qb-TTg issued by the Prime Minister on 15
March 2022, the updated national plan for natural disaster prevention and control by 2025
defines the major tasks for the 2021-2025 period, leading to the implementation of the
strategy on natural disaster prevention and control by 2030, with a vision to 2050.

1.2 MRC DROUGHT MANAGEMENT

1.2.1 Linkages with other MRC development strategies

Other MRC strategy documents and activities that address drought- or climate change-induced
adaptation options are described below.

Basin Development Strategy (BDS) for the Lower Mekong Basin 2021-2030 and the Mekong
River Commission Strategic Plan (2021-2025): Strategic Priority 4 in the BDS, Strengthen
resilience against climate risks, extreme floods and droughts. The key outcome is 4.1, Better
informs and prepares basin communities against changing river conditions, and more frequent
and severe floods and droughts. The Drought Adaptation Guidelines (DAG), by providing
adaptation options to minimize drought impacts at the regional, transboundary and national
levels, assist in building community resilience by better preparing communities to mitigate
drought risks. The DAG also contribute towards achieving Outcome 4.2, “better disaster
management and adaptation to water resources development and climate risks” by directly
addressing one of the key climate extreme risks, that is, drought.

The MRC'’s Drought Management Strategy 2020-2025 actions and priorities are alligned with
the those detailed in the BDS for the Lower Mekong Basin 2021-2030 and the Mekong River
Commission Strategic Plan (2021-2025) as well as the Mekong Climate Change Adaptation
Strategy and the Action Plan (MASAP). The MRC’s Drought Management Strategy is a regional
strategy prepared to enhance the resilience of the Member Countries to drought, and to
mitigate economic, environmental and social impacts affecting lives and livelihoods. It has
been developed following extensive consultations with all the stakeholders such as agencies
and expert groups in Member Countries. The Drought Management Strategy (DMS) has five
specific themes: (i) indicator monitoring; (ii) drought forecasting and early warning;
(iii) capacity building in drought asessment and planning; (iv) mitigation measures; and
(v) information sharing and dissemination. The need to develop DAG is specifically mentioned
as an initiative under Theme 4, Mitigation Measures.

MASAP has seven strategic priorities (SPs) for basin-wide adaptation to climate change, and
the DAG contribute to realizing the following five out of seven SPs:

e SP1. Mainstream climate change into regional and national policies, programmes and
plans: The DAG supports the development of drought management plans and water
conservation plans at the national, provincial and village scales.



e SP2. Enhance regional and international cooperation and partnership on adaptation:
The DAG specifically addresses adaptation options to minimize regional and
transboundary low flow issues and their resulting impacts.

e SP5. Enhance monitoring, data collection and sharing: This is an important aspect of
the DAG because assessing drought risk areas and allocating priorities require
hydrological, meteorological, agricultural and social data collection to enable
computing drought risk indices as well as provide early warnings.

e SP6. Strengthen capacity on development of climate change adaptation strategies and
plans: The plans that could be developed for sectors impacted by droughts using DAG
options proposed will make impacted sectors more resilient.

e SP7. Improve outreach of MRC products on climate change and adaptation: The
engagement of stakeholders in developing drought adaptation plans and water
conservation plans containing risk mitigation options, and the dissemination of early
warnings will increase the exposure of drought information to the wider community.

The MRC Drought Forecasting and Early Warning System (DFEWS) is developed to provide
monitoring, forecasting and early information on meteorological, hydrological and agricultural
droughts. It will contribute directly to the DAG implementation at both national and
transboundary levels by providing the historical and current conditions of all types of droughts
to support drought risk assessment and situation analysis, as well as the upcoming conditions
in weekly and seasonal periods to identify drought hotspots for adaptation preparedness and
planning.

1.2.2 MRC drought monitoring, forecasting and early warning system supporting drought
adaptations and mitigation

a) Drought definitions per the Drought Management Strategy 2020-2025

During the development of the Drought Management Programme 2011-2015,8 the four MRC
Member Countries agreed on the following definitions of six drought types.

Meteorological drought: Defined in terms of accumulated rainfall deficit and as a deficiency
of precipitation compared to expected or normal levels over an extended period of time.
Drought is the consequence of a natural reduction in the amount of precipitation received over
an extended period of time, usually a season or more.

Hydrological drought: Defined by deficiencies in surface and subsurface water supplies (e.g.
reservoir and groundwater levels, streamflow and snowpack). As the rainfall and moisture
deficit continue to accumulate, hydrological drought begins to manifest itself. First, natural
streamflow decreases and falls below normal, ultimately causing a water resources deficiency.
This can take the form of critically low river flows, drawn-down reservoir storage, restricted
environmental flows and reduced hydropower production. Prolonged multi-year droughts
impact groundwater recharge and sustainable yield. Recovery to pre-drought levels and
average abstracted volumes takes time to reach an equilibrium with pre-drought conditions.
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Agricultural drought: Best characterized as deficiencies in soil moisture, agricultural drought
is a critical factor defining crop production potential. Usually concerns rainfed agriculture but
irrigated agriculture can also be impacted, when the water required for optimal growth
between the wilting point and field capacity cannot be accessed by plants. Agricultural impacts
are usually the first to appear and, in most cases, provide the first confirmation that there is in
fact a drought of any type.

Socio-economic drought: This is associated with supply and demand consequences for
economic goods. There may be food price increases due to reduced supply and substitutes
that may must be imported, thus costing more. There may be power restrictions due to
reduced power generation, and industries may have to reduce operating hours, causing laying-
off of employees. Once livelihoods are impacted and unemployment keeps rising, social issues
permeate throughout the community, and if not properly managed, result in psychological
stress.

Water resource drought: Characterized as water supply shortages caused by the failure of
water management practices or infrastructure such as reservoirs to bridge normal and
abnormal dry periods by evening out water supply throughout the year. Supply and demand
are linked through security of supply represented by supply reliability. Effectively, water
management droughts occur when the security of supply falls below either 100% or a pre-
determined reliability agreed between the supplier and the customer receiving supply.

Land use-related drought: This involves two interlocking, complex systems: the natural
ecosystem, including periodic stresses of extreme and persistent climate events such as
droughts, and human use and abuse of sensitive and vulnerable dry land ecosystems. Long-
term food productivity is threatened by soil degradation, which is now severe enough to
reduce agricultural yields in many critical regions in the LMB.

Although there are six drought types, drought indicators are only monitored and forecasted
for meteorological, hydrological, and agricultural droughts.

b) The MRC Drought Forecasting and Early Warning System

The Drought Forecasting and Early Warning System (DFEWS) of the MRC was first established
in 2018 and upgraded twice, in 2019 and 2021, with more accurate data inputs for the system.
The system has been providing weekly monitoring and forecasting for three indicators of
meteorology, hydrology, and agriculture. In overall analysis, the DFEWS adopts the Combined
Drought Indicator (CDI) index to illustrate the overall conditions of the drought according to
meteorological, hydrological and agricultural indicators.

DROUGHT INDICATORS

Meteorological indicator

The Standardized Precipitation Index (SPI) is used to analyse meteorological drought using data
from the MRC’s Hydrological and Meteorological Network and rainfall (observed) satellite
data for the LMB. The SPI has been classified as green (‘use of use’) in the 2016 World
Meteorological Organization (WMO) Handbook of Drought Indicators and Indices, an easy-to-
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use index with high accuracy for meteorological drought analysis. The strength of SPI is it is
applicable in all climate regimes and can be computed for a short period of records that
contain missing data. It can also be calculated for different time scales for weeks, months and
years.

Hydrological indicator

With similar advantages, the MRC’s DFEWS is adopting the Standardized Precipitation Index
(SRI) to represent hydrological drought, which is using the same calculation method of SPI. The
runoff data for SRl is derived from the hydrological model of Variable Infiltration Capacity (VIC)
under the Regional Hydrological Extreme Assessment System. The input data of precipitation
for the runoff generation is Compressed High Intensity Radiated Pulse (CHIRPS) from 1981 to
2023.

Agricultural indicator

With regard to the agricultural indicator, the DFEWS uses the Index of Soil Water Fraction
(ISWF) and the Soil Moisture Anomaly (SMA) Index to quantify agricultural drought conditions
in the LMB. Top soil data from 0 cm to 20 cm are used to calculate the ISWF and SMA, which
could represent the conditions of plant growth.

Two types of soil moisture data are used to assess weekly agricultural drought of the LMB. The
average soil moisture by the Flash Flood Guidance System are used for weekly monitoring,
while daily soil moisture data produced by the VIC model through the Regional Hydrological
Extreme Assessment System are used for weekly agricultural drought forecasts. It was not
possible to use soil moisture data of VIC for weekly monitoring work because the observed
CHIRPS precipitation data were four weeks late for VIC processing.

Drought severity of the three indicators above is classified into four main classes, i.e. normal
or wet, moderate, severe and extreme. This classification refers to the standard classification
of both the SPI and the ISWF/SMA Index.

FORECASTING AND THE EARLY WARNING SYSTEM

Policies and practices for disaster risk management should be based on an understanding of
disaster risk in all its dimensions of vulnerability, capacity, exposure of persons and assets,
hazard characteristics and the environment. This knowledge can be leveraged for pre-disaster
risk assessment, prevention and mitigation, and for the development and implementation of
appropriate preparedness and effective response to disasters, which requires, among others,
the use of a disaster early warning system.

The objective of the drought forecasting and early warning system is to provide timely
information in advance of, or during, the early onset of drought to prompt action through a
drought risk management plan as a means of reducing potential impacts. Accordingly, early
warning systems:

e have become a practical tool for implementing timely and appropriate responses to
droughts and famine in the form of food aid and other mitigation strategies;

11



e include forecasts based on climate projections and the area’s drought history,
possible outcomes of developing drought events, and answer questions about the
possible duration and severity of a drought; and

e should involve both technology and all stakeholders in drought planning and
response.

A monitoring and early warning system that provides decision makers at all levels with
information about the onset, continuation and termination of drought conditions is an integral
part of drought planning. However, this system should not be considered as a process of data
collection and analysis per se, but rather, should be part of a larger system designed to mitigate
and respond to extreme events.

As per the 1995 Mekong Agreement, the MRC Secretariat does not have any mandate to
provide early warning to its Member Countries; instead, it provides early forecasted
information of drought conditions based on different indictors to the MRC Member Countries
and line or implementing agencies for their further analysis, early warning and early
preparedness and planning to the local communities that are at risk of the drought threats.

DFEWS provides weekly drought forecasts of meteorological, hydrological and agricultural
indicators of droughts. Additionally, it also gives information on seasonal outlook based on
weather and rainfall forecasts in the next six months together with monthly drought patterns
based on the North American Multi-Model Ensemble and the VIC model. These monthly
forecasts and seasonal information are significantly vital for the decision makers and planners
to plan their drought preparedness and intervention actions to mitigate drought impacts in
the coming cropping season.

With the improvement of the Drought and Flood Early Warning System (DFEWS), drought
forecasting services will play a crucial role in implementing the Drought Adaptation Guidelines
(DAG) and management plans by enabling timely detection of risks, supporting data-driven
decision-making, and improving resource management. Enhanced forecasting allows for the
equitable allocation of water, informed agricultural planning, and prioritization of mitigation
actions, reducing socioeconomic impacts such as agricultural losses and water shortages. At
the transboundary level, DFEWS facilitates real-time data sharing and harmonized drought
response strategies, fostering collaboration among nations and ensuring efficient
management of shared water resources. Moreover, these improvements bolster resilience
against climate variability and support sustainable long-term water resource management,
making them essential for mitigating drought risks at both national and regional scales. The
DFEWS will provide the following:

e clear information on type of drought risks — meteorological, or/and hydrological,
or/and agricultural indicators — at the provincial and other lower levels that the areas
are likely to encounter;

e a clear picture of when, where, how and why the transboundary issue, especially
hydrological drought, takes place.

e early information on when a drought onset is likely to start and end with its level of
severity and intensity.
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The planners and decision makers will then be able to identify the issues and select some of
the suitable adaptation options recommended in the DAG to prepare their national drought
management plan for drought adaptation and mitigation.

1.2.3 Rationale for the needs of the DAG

The need for drought management activities under the MRC’s programme framework was first
recognized in 2010. Then, on 4 March 2011, during a regional consultation to formulate a
Drought Management Programme 2011-2015,% the four MRC Member Countries reaffirmed
their need to move forward with the development of an effective regional drought risk
management strategy to cope with meteorological, hydrological, agricultural and socio-
economic drought vulnerability. The DMS 2020-2025 was then formulated and approved by
the MRC Joint Committee in 2019 to be used as an overall framework to support Member
Countries in developing sustainable capabilities and capacity for managing drought
vulnerabilities in the LMB in an effective, sustainable and equitable manner in line with the
principles of integrated water resources management (IWRM) and integrated risk
management, and in view of climate change.

The Drought Management Strategy 2020-2025 sets out a clear objective to address the need
of Member Countries to combat drought hazard by improving national capacity and
developing a regional DAG that addresses both national and transboundary drought impacts.
Specifically, the objective is to:

strengthen the adaptive capacity of Member Countries in combatting
drought hazards and mitigating drought impacts through a sustainable use
of water resources, assist Member Countries in drought forecasting and early
warning for drought preparedness, water resources planning and impacts
mitigation, and develop a regional DAG to address national, regional and
transboundary impacts.

With regard to the national reports to support the formulation of the regional DAG, the actions
taken are essentially prepared based on the overall national drought risk reduction or climate
change adaptation programme, which could not cover all specific drought types, i.e.
meteorological, hydrological, agricultural and socio-economic. The DAG also developed to
serve as a regional guiding document for Member Countries so that they can develop their own
documents, which also requires building capacity on drought risk assessment at the national,
provincial and district levels to identify drought risks and impacts at the community level. The
focus on the community level in the context of the Drought Adaptation Guidelines (DAG) is
crucial because communities are the most directly affected by droughts. The capacities of
national agencies must also be strengthened to analyse drought conditions that cause impacts
and in selecting initiatives from best practice options to adapt to and mitigate them in a
politically, socially and culturally acceptable, appropriately resourced, environmentally
sustainable and cost-effective manner. The MRC is moving forward in parallel with the
Association of Southeast Asian Nations (ASEAN) Secretariat on developing drought adaptation
and mitigation actions. The ASEAN Regional Plan of Action for Adaptation to Drought 2021

19 MRC (2011).
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2025 was developed in 2021 as a regional action plan to support the ASEAN Member States in
coping with the underling threats posed by meteorological, hydrological, agricultural and
socio-economic drought vulnerabilities.?’ The Plan clearly highlights the urgent need of its
Member States through the ASEAN Ministerial Meeting as well as the ASEAN Declaration on
the Strengthening of Adaptation to Drought for an immediate plan of action on drought
adaption for ASEAN countries, which cover the entire MRC region.

The Guidelines will help Member Countries develop suitable adaptation strategies from a
range of available options to address and mitigate the risks of drought. They will assist national
agencies engaged in drought management by outlining practices to foster resilient
communities, offering a clear roadmap to tackle short-, medium- and long-term challenges.

20 ASEAN (2021)
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2. OBIJECTIVES AND THE GUIDING PRINCIPLES OF THE
DROUGHT ADAPTATION GUIDELINES

2.1 OBIJECTIVES OF THE DROUGHT ADAPTATION GUIDELINES

The overall objective of the DAG is to provide guidance to the MRC and Member Countries in
developing and/or enhancing appropriate options to adapt to and mitigate drought risks and
impacts, and build capacity and resilience for the short, medium and long term.

The specific objective of the DAG is to provide technical guidance to the MRCS, National
Mekong Committees and line agencies in assessing drought risks, and selecting and
preparing/enhancing drought adaptation options or plans suitable for the regional,
transboundary, national and local levels, as well as the necessary capacity and resilience for
drought adaptation and mitigation.

2.2 GUIDING PRINCIPLES OF THE DROUGHT ADAPTATION GUIDELINES
The guiding principles for the DAG follow core principles recommended by USAID (2014) %%

o Adopt integrated approaches — Adaptation should be incorporated into core policies,
planning, practices and programmes wherever possible.

e Prioritize the most vulnerable — Adaptation plans should prioritize helping the people,
places and infrastructure that are the most vulnerable to climate impacts, and be
designed and implemented with meaningful involvement from all parts of society.

e Use best available science — Adaptation should be grounded in the best available
scientific understanding of climate change risks, impacts and vulnerabilities.

o Build strong partnerships — Adaptation requires coordination across multiple sectors
and scales, and should build on the existing efforts and knowledge of a wide range of
public and private stakeholders.

e Apply risk management methods and tools — Adaptation planning should incorporate
risk management methods and tools to help identify, assess and prioritize options to
reduce vulnerability to potential environmental, social and economic implications of
climate change.

e Apply nature-based (ecosystem-based) solutions and infrastructure-based
approaches — Adaptation should consider infrastructure solutions where appropriate
and be environmentally sensitive at all times. Adaptation should, where relevant, take
into account strategies to increase ecosystem resilience and protect critical ecosystem
services on which humans depend to reduce the vulnerability of human and natural
systems to climate change.

¢ Maximize mutual benefit — Adaptation should, where possible, use strategies that
complement or directly support other related climate or environmental initiatives such
as efforts to improve disaster preparedness, promote sustainable resource

21 ysAID (2014)
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management, and reduce greenhouse gas emissions and to develop cost-effective
technologies.
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3. DROUGHT ADAPTATION GUIDLEINES

3.1 THE DROUGHT ADAPTATION APPROACH

This chapter is the most important part of this document because outlines the guidelines for
the development and implementation of drought adaptation options based on the concept of
reducing risks associated with drought occurrence. The process for designing a drought
adaptation options/plan must be merged with the production and implementation of a
preparedness and mitigation plan — the Drought Management Plan (DMP).

The first three steps recommended for developing drought adaptation options out of the five
steps outlined in the DMP development process, are: (i) determine the drought risk;
(ii) identify the sectors and areas that will be impacted; and (iii) select the most suitable
drought adaptation measures, as detailed in Table 1.

Table 1. A step-by-step approach to producing the Drought Management Plan

Step 1

Determine drought risks: Use the approach detailed in Sections 3 to determine drought risks in the
country for national and subnational levels. This task consists of identifying drought hotspots or risk
areas for adaptation implementation. The drought indicators (drought hazard, exposure, and
vulnerability) should be used in the assessment.

Step 2

Identify the sectors and areas impacted: In consultation with national agencies engaged in drought
and water resources, it is now time to identify the sectors impacted and the areas that are most at risk,
based on past experiences dealing with drought together with the drought risk assessment results.

Step 3

Select the adaptation measures: This step is the most important task, in which the country needs to
select the most appropriate drought adaptation measures/options to mitigate the impacts caused by
certain types of droughts by taking into account the existing resources, financial condition, as well as
feasibility of the options. When selecting adaptation measures, both structural and non-structural
measures must be considered. For example, policy changes, water demand management programmes
and the development of sustainable water resources plans for areas under risk require relatively short
lead-up time because they are non-structural measures that could be implemented prior to entering
drought periods. These measures contrast with more expensive structural options such as building
navigation pathways across barriers, which affects tourist and commercial transport, and boats
carrying fishers. These options take more time to plan, design and build while meeting regulatory
standards that may require complex negotiations.

The list of the adaptation options can be found under the Adaptation Recommendations of Appendix 1
and the List of Recommended Drought Adaptation Options based on the Impacted Sectors of
Appendix 2.

It is recommended that the decision regarding the selection of drought adaptation options needs to
undergo a thorough consultation process with all concerned stakeholders including community groups
and the government to determine the most appropriate subset of initiatives that are cost-effective,
environmentally sustainable, and socially and culturally acceptable.

Step 4

Prepare and implement the Drought Management Plan (DMP): Upon the assessment of drought risks
and identification of the most appropriate drought adaptation options, a national DMP needs to be

17




developed and ready for implementation on the ground. Referring to the United Nations Convention
to Combat Desertification,? core elements of the drought management plan consist of:
e Assessment and monitoring
Drought risks assessment (inputs from Step 1 above)
Drought forecasts (approach and results) for the implementation period, 3—6 months
Identification of impacted sectors
Evaluation of the impacted areas and factors/assets
e Mitigation and preparedness
0 Mitigation (selected drought adaptation measures in Step 3): application of structural and
non-structural, short- and long-term measures
0 Preparedness: focus on local resources to reduce vulnerability to drought-related conditions.
This entails addressing constraints to drought management planning such as in participation,
the budget, political will and in institutional capacity to ensure the implementation process.
e Implementation framework (adaptation and response plan)
Proposed institutional framework
Drought response team or taskforce
Communication and coordination
Capacity development
0 Participation and gender mainstreaming.

(0]
(0]
(0]
(0]

O O O O

STEP 5 Monitoring and evaluation: The final step in monitoring and evaluation is necessary to evaluate the
effectiveness and efficiency of the DMPs and actions in order to draw lessons learned and
recommendations for the updates of DMPs over the next years of implementation. It is also a
supporting tool used to review and update the regional DAGs after a specific period of adoption.

Note: The first three steps are recommended for drought adaptation options.

3.2 DROUGHT RISK ASSESSMENT

3.2.1 Definitions

Drought risk is the likelihood to incur damages and economic losses during and after drought
events, which depends on the interaction between three dimensions: (i) the severity and
probability of occurrence of a certain drought; (ii) the exposed assets and/or people; and
(i) the people’s intrinsic vulnerability or capacity to cope with the hazard.?3

Drought hazard is defined by “the frequency of occurrence of drought at various levels of
intensity and duration. The return period of a drought is related to the severity of the impacts
therefore provide vital information for drought risk management”.?*

Exposure is defined as the situation of people, infrastructure, housing, production capacities
and other tangible human assets located in hazard-prone areas. Measures of exposure can
consist of identifying the number of people or types of assets in an area, and combining them
with the specific vulnerability and the capacity of the exposed assets to any particular hazard
to estimate the quantitative risks associated with it in the area of interest.

22 Massaquoi (2018).
2 Vogt et al. (2018).
24 Bargaoui (2021).
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Vulnerability is defined as the conditions determined by physical, social, economic and
environmental factors or processes that increase the susceptibility of an individual, a
community, assets or systems to the impacts of hazards.

Drought impact: Drought can have devastating impacts on agriculture, the environment,
socioeconomics and livelihoods. It has a cascading impact, and the effects can reach multiple
sectors that fundamentally rely on water resources. Agriculture, forestry, waterborne
navigation, environment, socioeconomics, hydropower energy, infrastructure, tourism and
recreation, as well as human lives can all be impacted by severe or extreme drought. Once
agricultural productivity is seriously impacted, especially during prolonged or severe drought,
it directly threatens food security and livelihoods of rural households and poor communities.

3.2.2 Drought risk assessment methodology (Step 1)

Drought risk assessment is the most essential task and the first step when formulating
adaptation or mitigation guidelines. It helps identify the risk hotspots based on specific
indicators as well as identify the adaptive capacity that these hotspots have with respect to
socioeconomics and livelihoods.

Numerous data types are necessary to compute exposure and vulnerability, and often, the lack
of these date limits the degree to which exposure and vulnerability can be calculated.
Surrogates can be used, and the European Commission's Joint Research Centre (JRC) Technical
Report on Drought Risk Assessment and Management recommends a cascading approach,
where data from a data-rich environment is used to support decision-making in a data-poor
environment, so that countries can use the appropriate methodology reflective of the
availability of the type, quality, geographic coverage and the length of data available.?

Based on the European Commission’s JRC Technical Report,?® drought risk is defined through
an interaction between (i) the severity and the probability of drought occurrence; (ii) the
exposed assets and/or people; and (iii) the vulnerability or the capacity to cope with the
drought hazard.

Here, drought risk is defined as a function of the nature hazard, the exposed assets or people
and the inherent vulnerability or capacity of the exposed social or natural system to cope with
the hazard as follows:

Drought risk = f (Hazard, Exposure, Vulnerability)
DROUGHT CATEGORIES
In the European Commission’s JRC Technical Report,?”” drought risk is classified into four

categories: (i) mild risk or no risk; (ii) moderate risk; (iii) severe risk; and (iv) extreme risk.
Since the drought risk results are generated by multiplying three main indicators of drought

25 Vogt et al. (2018).
26 European Commission (2018)
27 European Commission (2018)
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hazard, exposure and vulnerability, almost everywhere in the LMB is at risk but the levels of
risk vary.

Mild or no risk

This is the lowest risk level when a location or an area has all three assessment parameters of
drought hazard, exposure and vulnerability at the mild level, generating an overall value of
drought risk of less than 8.

With this mild or no risk category, there is almost no risk for the area. However, it does not
indicate if there will or will not be drought in the future. Drought may take place during some
of the severe dry years driven by extreme climate events such as El Nifio or severe heatwaves.

Moderate risk

A location or an area that has an overall value of drought risk between 8.01 and 16 is defined
as a moderate risk area. Hence, the moderate risk area has at least two assessment
parameters out of the three (i.e. drought hazard, exposure and vulnerability) that are lower
than severe level.

The area with moderate risk needs less attention than the two last categories, severe and
extreme, but needs more attention than the mild-or-no risk one. One of the three assessment
indicators might need to be investigated and adjusted to make it more resilient to drought.
For instance, it might be necessary to change the land use or crop type if water accessibility
condition is too low. A thorough study of the local area characteristics is ultimately required
to understand which indicators need to be modified to be more adaptive to drought.

Severe risk

The severe risk is defined for an area or location that has the drought risk value between
16.01 and 24. Hence, an area is classified as severe drought if it has at least two of the three
assessment parameters that are at the severe level or equivalent.

Special attention is required for the severe risk category. Since a minimum of two assessment
parameters are classified as severe, a comprehensive study of the area is needed for the
national drought adaptation measures to understand local drought characteristics and the
options for adaptations. The list of recommended drought adaptations under Chapter 5 for
each respective country shall be used for reference.

Extreme risk

This is the highest risk category, in which at least two assessment indicators or parameters
out of three are at the severe level and one, at the extreme level. The overall value of drought
risk is over 24.

Similar to the extreme risk category, special attention is required for extreme risk category.
Since a minimum of two assessment parameters is at extreme level, a comprehensive study
of the area is needed for the national drought to understand local drought characteristics and
the options for adaptations. The list of recommended drought adaptations under Chapter 5
for each respective country shall be used for reference.
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WEIGHTING VALUES

According to the calculation method of Geographic Information System (GIS) software, specific
weights as numeric attributes associated with the feature of our dataset are given to measure
the difference in value from of the features.?® In this assessment, in order to calculate the risk,
values from 1 to 4 are given to reflect the level of drought severity, exposure and vulnerability
as follows: mild = 1, moderate = 2, severe = 3, and extreme = 4. Hence, the lower the value of
each parameter, the less risk of drought.

1) Assessing the drought hazard

Three types of drought indicators — meteorological, hydrological and agricultural droughts -
have been analysed for drought hazard. Forty-two years of CHIRPS precipitation, runoff and
soil moisture data in the LMB from 1981 to 2022 are used to process the Standardized
Precipitation Index (SPI), the Standardized Runoff Index (SRI) and the SMA Index, respectively.
The CDI is then generated by averaging the three indices above. The annual drought
occurrence with the CDI value equal to or smaller than -1 is computed to quantify the number
of drought events from 1981 to 2022.

Drought severities are defined as shown in Table 2.

Table 2. Drought severity levels

AL CPECIETAL Severity level Weighting value
occurrences
0-2 Mild 1
3-4 Moderate 2
5-6 Severe 3
>6 Extreme 4

2) Assessing the exposure

Since drought is a slow onset hazard, it has different characteristics with regard to exposure
than other hazards such as floods, earthquakes or storms. Very few drought events show
recorded mortality in the international disaster database, but they mostly lead to severe
economic and social impacts.?°

With this limitation, these DAG propose a non-compensatory model of drought exposure to
estimate the potential losses from different types of droughts, which takes into account the
spatial distribution of a population, cropping areas and industrial/domestic water stress. The
human population is affected by socio-economic drought; cropping area is affect by
agricultural drought; and industrial/domestic water stress is affected by hydrological drought.

28 ESRI (2024).
29 Carrdo, Naumann & Barbosa (2016).
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e Human population per square kilometre

The high-resolution geospatial data of population in 2020 by the WorldPop Hub with 1-km
resolution is used to define exposure level to drought in the LMB. The exposure levels are
defined per number of people per square kilometre (Table 3).

Table 3. Human exposure levels

Number of people/km? \ Exposure level Weighting value
0-5 Mild 1
6-10 Moderate 2
11-20 Severe 3
>20 Extreme 4

Land cover/land use

The MRC’s land cover data developed in 2020 was used to identify land use types in the LMB.
The exposure levels are defined by the impact of drought on each specific land use type that
would affect economic value. The higher economic value brought by a land use type, the more
severe the exposure level (Table 4).

Table 4. Exposure levels

Land cover/land use type Exposure level \ Weighting value
Bamboo Mild 1
Bare soil Mild 1
Deciduous forecast Mild 1
Evergreen forecast Mild 1
Flooded forecast Mild 1
Forest plantation Mild 1
Mangrove Mild 1
Water body Mild 1
Coniferous forecast Mild 1
Orchard Moderate 2
Marsh swamp Moderate 2
Shrubland Moderate 2
Grassland Severe 3
Industrial plantation Severe 3
Urban Severe 3
Annual crop Extreme 4
Aquaculture Extreme 4
Paddy rice Extreme 4

Baseline water stress

The baseline water stress is extracted from the ArcGIS data hub. The dataset is developed by
the Global Forest Watch to measure the ratio of total water withdrawals relative to the annual
available renewable surface water supplies. It serves as a good proxy for water-related
challenges, which could infer that the areas of higher water stress will likely be subject to
higher depletion of surface and groundwater resources and more competition among users,
as well as the associated impacts on water quality and other ecosystem services (Table 5). A
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60-year time series of data on supply (1950-2010) was used to address the effect of multi-year
climate cycles as well as to ignore the complexities of short-term water shortage (e.g. dams,
flood plans).

Table 5. Baseline water stress levels

Baseline water stress Level of stress \ Weighting value

<20% Mild 1
20-40% Moderate 2
40-80% Severe 3

>80% Extreme 4

3) Assessing the drought vulnerability

Drought vulnerability is defined by a multidimensional model composed by social, economic
and infrastructural factors. Social vulnerability is associated with the level of well-being of
individuals, communities and society; economic vulnerability is highly dependent on the
economic status of individuals, communities and nations; and infrastructural vulnerability is
dependent on the basic infrastructures needed to support the production of goods and
sustainability of livelihoods. The framework proposed by United Nations International Strategy
for Disaster Reduction (2004) states that vulnerability is defined as a reflection of the state of
the individual and collective social, economic and infrastructural factors of a specific region.
The factors that help reduce the vulnerability of crops during drought hazards such as
irrigation, accessibility of water, etc., are also viewed as the foundation for adaptation and thus
can be listed under vulnerability.>°

In this guideline document, two indicators are selected for vulnerability assessment being
groundwater potential and irrigation areas with reservoirs. The areas covered by irrigation
projects or reservoirs are considered less vulnerable to drought hazard as the agricultural crops
can easily be supplied by the connected irrigation canal.

Groundwater potential
Groundwater potential is extracted from the MRC’s 2001 groundwater data. The lower the

groundwater rate, the higher the level of vulnerability of the area (Table 6).

Table 6. Level of vulnerability for groundwater

Groundwater rate Level of vulnerability | Weighting value

>20 cu m/hr Mild 1
10-20 cu m/hr Moderate 2
3-10 cu m/hr Severe 3
<3 cu m/hr Extreme 4

Irrigation area
Irrigated area data area obtained from the MRC's 2017 irrigation database. The irrigated areas
are the least vulnerable while the none-irrigated areas are the most vulnerable (Table 7).

30 Naumann et al., 2014.
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Table 7. Level of vulnerability for irrigation area

Type of area Level of vulnerability \ Weighting value

Irrigated area Mild 1
Non-irrigated area Extreme 4

Below is a summary table of drought risk (Table 8) adopted from Van Lanen et al. (2017).3!

DROUGHT RISK COMPUTATION

Drought risk equation can be computed by any GIS software that capable with pixel calculation
function. In this exercise we use ArcGIS’s ArcToolbox to calculate drought risk based on the
abovementioned equation. Drought risk can be computed by the following method:

(pop + landcover + waterstress) (groundwpot + irrigateda)
*
3 2

Risk = hazard *

Where pop is population factor, landcover is land cover factor, groundwpot is groundwater
potential factor, and irrigateda is irrigated area factor.

The actual values of drought risk for the assessment are listed in Table 8.

Table 8. Values of drought risk

Risk level Value ‘
Mild/no risk 0-8
Moderate 8.01-16
Severe 16.01-24
Extreme 24.01-36

Note: With this model, adding more parameters or factors from the three main indicators (hazard, exposure, and
vulnerability) will result in a more detailed drought risk pattern; however, less one or two parameters might have
little effect on the result. The maximum value of drought risk in this exercise is 36. However, if more parameters
are added in to the model, the risk value might be different, with the maximum value of 64.

The level of drought risk can be visualized through the following combination of the three
indicators (Table 9).

Table 9. Levels of drought risk

Note: Mod = moderate, Sev = severe, and Ext = extreme.

S1Van Lanen et . (2017)
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Indicator RISK

Mild Moderate Severe Extreme
Hazard Mild | Mild | Mild | Mild | Mod | Mod | Mod | Mod | Sev Sev Sev Ext Ext \ Ext Ext
Exposure Mild | Mild | Mod | Mod | Mild | Mod | Sev | Sev Mod [Sev [ERIRRCAN Sev | Sev [IE%: Ext
Vulnerability | Mild | Mod | Mild | Mod | Mod | Mod | Mod |Sev | Sev | Sev S Sev E sev. 3%



3.2.3 Considerations for different indicators and parameters

The drought risk assessment presented above is solely based on the available data. However,
the methodology can be implemented and recalibrated with a more accurate and
comprehensive dataset or different indication of parameters, specifically when carrying out a
national drought risk assessment for the national and subnational levels in order to execute
the drought management plan.3?

Drought hazard: The combined drought index (CDI) of rainfall satellite data, and runoff and
soil moisture data generated from the VIC model can be replaced by ground observation data
available at the country level, which are much more accurate. The CDI depicts overall
conditions of drought between meteorological, hydrological, and agricultural indicators. The
agricultural indicator can also be replaced by other satellite data or indicators such as the
Normalized Different Vegetation Index, the Vegetation Condition Index (VCI) and the
Temperature Condition Index. Other parameters such as food security can also be added or
used to replace the agricultural indicator for drought hazard assessment.

Exposure: Evaluation of exposure levels on land use types can be re-adjusted based on the
country’s interest and suitability. It can be evaluated based on different crop types that
consume different water quantity from low to high. Surface water extraction, moreover, can
be more detailed with multi-functions by different water use sectors.

Vulnerability: In addition to more comprehensive data to replace the groundwater potential
by the regional scale used for this assessment, the irrigated areas can be classified into more
detailed categories such as irrigation size and irrigation capacity per hour or day. if the data
available at the country level provide such information. Water accessibility is another
parameter that can be added to the vulnerability level assessment to represent adaptive
capacity against risk. Moreover, socioeconomic indicators that define level of recovery from
impacts can also be added to vulnerability, such as annual income, agriculture insurance
coverage and the existence of a drought relief programme.

3.2.4 Drought risk results and risk areas in the LMB

Four levels of droughts, namely mild, moderate, severe and extreme, are attributed to all
assessments covering hazard, exposure and vulnerability. Results are also classified into four
levels of risks assessed against input indicators.

The overall risk profile result for the LMB is visualized in Figure 1. Here, the assessment
presented is solely based on the available data in the MRC data management system and is
considered limited. However, the risk assessment can be improved with a more accurate and
comprehensive dataset or different indication of parameters, specifically when the data are
updated.

32 Vogt et al. (2018).
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Figure 1 shows that most of the high-risk drought areas are in the north-eastern region of
Thailand, most of Cambodia and the Mekong Delta of Viet Nam. Figure 1 illustrates the severity
of risk from salinity intrusion in the Mekong Delta of Viet Nam, which resulted from severe low
flows of the Mekong River during the reverse flow period. For the lower Mekong Delta of Viet
Nam, salinity intrusion is the major risk factor, which usually takes place during the severe
hydrological droughts when the water level of the Mekong River mainstream is significantly
lower than the sea water level.

Note: For the Mekong Delta of Viet Nam, an average of salinity intrusion during 2013-2020

was used as drought hazard as the area is at high risk of salinity intrusion from the sea level.
The data source of salinity intrusion is the Viet Nam Institute of Water Resources Sciences.
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Figure 1. Drought risk map of the Lower Mekong Basin, based on 2020 data




3.3 DROUGHT MITIGATION AND ADAPTATION OPTIONS

3.3.1 Sectors impacted by drought (Step 2: Identify the sectors and areas impacted)

The sectors impacted by drought are summarized in Table 10. It is crucial to identify sectors
affected by drought in high-risk drought-prone areas. This ensures that a targeted set of risk
mitigation initiatives is identified and implemented over time. These initiatives aim to aid the
sector in recovering from drought and building resilience.

Sectors

Agriculture
(livestock and
aquaculture)

Table 10. Sector impacted by drought

Drought impacts ‘
Drought has significant and often detrimental impacts on agriculture, which results in
reduced water availability, affecting irrigation systems and decreasing soil moisture.
Insufficient water negatively influences crop yields.

Drought affects pasture and forage availability for livestock. Drought-stressed plants are
more susceptible to pests and diseases. Farmers may face financial losses due to decreased
yields and increased input costs. Crop failures can have cascading effects on local
economies and food supply chains. Drought-related crop failures contribute to food
shortages.

Drought-induced agricultural failures may force rural populations to migrate in search of
better living conditions. Persistent drought conditions can have long-term environmental
consequences, such as desertification and changes in biodiversity. Drought exacerbates
water resource depletion, affecting rivers, lakes and groundwater reservoirs. Competing
demands for water from agriculture, aquaculture and municipalities intensify during
periods of drought.

Saltwater intrusion at the river mouth often occurs as a result of reduced flow from the
upper reaches of the Mekong River and sea level raise. These seriously impact agricultural
crops, aquaculture, livestock and drinking water in the Mekong Delta.

Fisheries

Drought can have significant impacts on fisheries, affecting both freshwater and marine
environments. Drought leads to decreased water levels in rivers, lakes and reservoirs. This
reduction in water volume can limit fish habitats, affecting their reproduction, migration,
and overall life cycle. Lower water levels and reduced flow during droughts can lead to
elevated water temperatures.

Drought contributes to habitat degradation through the drying up of wetlands, marshes
and estuaries. In coastal areas, reduced freshwater flow during droughts can cause an
intrusion of saltwater into estuaries and river mouths, and negatively impact fish species
adapted to specific salinity ranges.

Drought-induced changes in water conditions can affect the abundance and distribution of
aquatic plants and invertebrates, which are essential food sources for fish. Many fish
species rely on specific water conditions and flow patterns for migration. Prolonged
drought conditions may lead to reduced oxygen levels in water bodies, especially in
stagnant or shallow areas.

Drought-related declines in fish populations can have economic repercussions for
commercial and recreational fisheries. Persistent drought can contribute to long-term
changes in aquatic ecosystems, such as shifts in species composition and alterations in
biodiversity.
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Water supply for
domestic use

Lack of rainfall adversely affects river flows, which in turn affects water recharge in aquifer
and groundwater levels. Furthermore, excessive pumping during droughts can affect water
quality of groundwater in the short term and creates subsidence in the long term.
Groundwater is one of the potential sources of water resources that are vital for the
farmers and rural communities during drought years. In Cambodia and Lao PDR,
groundwater wells are being used to pump water for household consumption, while in
Thailand and Viet Nam, mossy groundwater is used for both household and agricultural
purposes, where a more sophisticated irrigation system is connected to the groundwater.

Waterborne
navigation

Drought has profound impacts on waterborne transport and tourism along the Mekong
River and its tributaries, which are used by millions of people for waterborne navigation
and to transport goods. As water levels decrease due to reduced precipitation, navigation
becomes challenging, affecting the movement of cargo and passenger vessels. Low water
levels expose obstacles such as rocks and sandbanks, making navigation perilous.

Cruise operations face restrictions and cancellations due to shallow waters, impacting the
scenic journeys and cultural experiences typically offered. Reduced water levels can limit
access to certain areas, affecting the itineraries and overall appeal of river cruises.
Additionally, water scarcity diminishes the beauty of natural landscapes and hampers
recreational activities. Low flows adversely impact navigability and the tourism industry by
affecting cruises up and down the river.

Environmental and
ecological services

The prolonged dry spells associated with drought stress ecosystems always lead to reduced
vegetation growth and biodiversity loss. Forests, wetlands and other natural habitats
become vulnerable to degradation and desertification, impacting wildlife populations and
the ecological balance.

Forestry sectors face heightened risks during drought periods, as water scarcity weakens
trees, making them more susceptible to diseases, pests and wildfires. Drought-stressed
forests are prone to insect infestations and diseases, leading to widespread tree mortality
and forest dieback. This not only affects timber production, but also disrupts ecosystem
services provided by forests, such as carbon sequestration and watershed protection.

Wildfire incidence escalates during drought, as dry conditions create favourable
environments for ignition and rapid spread of fires. Vegetation becomes highly flammable.
Intense wildfires contribute to air pollution, soil erosion and habitat destruction,
exacerbating environmental degradation and amplifying the impacts of drought.

Socioeconomic

A water deficit induced by drought can affect production, sales and business in a variety of
sectors that are important to the economy. Decreased economic activity will affect
government revenue such as taxes collected and increase unemployment. Impact on GDP
will reduce the capacity of governments to procure essential products for its citizens, in
some cases due to lack of foreign exchange essential for imports. Damaged infrastructure
such as roads due to prolonged drought, which impacts groundwater aquifer and water
tables exacerbating land subsidence, can be a major financial burden of the central and
local government.

Changes in wellbeing experienced by people during droughts must specifically be
addressed keeping in mind the gender balance and equality between all citizens. Impacts
can affect health and safety, especially mental health, cause conflicts between neighbours,
villages and cities when water restrictions are applied, and may force changes in lifestyle.

In some countries of South-East Asia, crop insurance programmes have been established
and implemented to support rural communities at high risk of drought during dry years.
The programmes have significantly contributed to improving livelihoods by accelerating
the recovery speed from drought impacts.
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3.3.2 Adaptation options for minimizing drought risks (Step 3: Select the adaptation
measures)

The details on possible drought adaptation options for each of the sectors mentioned in this
section, some of the adaptation options complement each other and hence, should best be
used as a set of initiatives to minimize risks and build community resilience.

The applicability of an adaptation option will depend on a number of factors, which include
but are not limited to:

e acceptability by government and regulatory agencies;

e the financial costs of the initiative;

e ease of construction (if infrastructure) and the level of expertise available to
operationalize it;

e the urgency for action and time availability;

e environmental impact and sustainability; and

e social acceptability.

3.3.2.1 Potential adaptations by sectors to address national and local drought risks

National and local drought risks: Some of the national and local drought risks can be common
to Member Countries yet, given their geographic, economic and environmental differences,
there will also be impacts unique to each. For example, adaptation options for supplying
drinking water for population hubs such as large cities will have many commonalities. In
contrast, most of the salinity-related adaptation will be required in Viet Nam and some in the
Delta region in Cambodia, and the issues they face are unique.

In most cases, several adaptation options contained in the DAG can be used simultaneously to
mitigate drought risks. When approaching adaptation, it is important to recognize the need to
complement adaptation with a drought management communications plan that has key
messages that the government wants to communicate to the public, industry and vulnerable
sectors such as agriculture. When communication plans are developed, they should be gender-
sensitive and recognize youth and the elderly as special focus groups. Indigenous requirements
must also be met, especially if dialects are different in specific geographic regions within a
country.

Adaptation options have been listed under the sectors impacted by drought. As discussed,
some of the adaptation measures need to be grouped in order to complement each other to
maximize effectiveness. Salinity intrusions are a good example, as adaptation initiatives need
to cover impacts on the use of groundwater and to consider building barriers across rivers or
tributaries to keep salt water from adversely impacting irrigated agriculture.

Adaptation recommendations for the sectors impacted by drought are summarized in
Table 11. Options from the list below can be selected to form a set of initiatives to mitigate
drought risks impacting the chosen sector. Appendix 2 provides details related to each of the
drought adaptation measures.
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Table 11. Adaptation recommendations by sectors

Sectors Recommended adaptation measures

e Introduce water restrictions to balance supply and demand during droughts

e Harvest surface water using artificial water storages such as ponds and small
dams

e  Build monkey cheek dams.

e Implement artificial rainmaking (cloud seeding).

e Install water-efficient irrigation systems, such as drip irrigation for orchards
and sprinklers for crops.

Agriculture (livestock and e Reduce water wastage in irrigation structures.

aquaculture) e Apply artificial linings for medium-sized agricultural ponds.

e Rehabilitate agricultural ponds.

e  Utilize drought-tolerant crop varieties and goats during droughts.

e Employ solar-powered pumps.

e Construct vegetation check dams.

e Manage salinity intrusion in rivers, canals, and groundwater bores to protect
water quality.

e  Purify saline and brackish water to enhance water quality.

e  Construct storage systems, such as ponds and small dams, to manage on-
stream inland fisheries (used by off-stream farmers).

Fisheries e  Build fish ladders, create constructed connectivity, and establish wetland

habitats to maintain viable fish stocks, providing refuge for fish and

macroinvertebrates.

Water supply for e Manage groundwater bore fields
domestic use e  Use soak pits to boost groundwater
e Set up injection wells for artificial groundwater recharge
Navigation and tourism e  Establish lock gates and temporary barriers across water courses and rivers

e  Manage forest fires

e  Construct wetlands

e Plant mangrove forests to protect coastal areas

e Use insurance products to reduce risks and socio-economic impacts of crop
Socioeconomic or stock loss

e Manage water demand within a commercial enterprise or a house

Environmental and
ecological services

All adaptation initiatives should be classified as short-, medium- and long-term based on the
time needed for developing and implementing them and their duration or effectiveness. When
considering the most suitable adaptation options for the area, Member Countries can base
their decisions on their national capacity, local characteristics, development potential, as well
as the government budget. The short-term adaptation options are measures that take the least
time to develop and implement, and their operation lasts only a short period, usually one year.
In addition, rehabilitating or reconstructing these measures ensures that they remain
functional and effective in addressing evolving challenges. The medium-term measure is for a
period of 3—4 years, and the long-term measure is for a minimum of 10 years.

Table 12. List of short-, medium-, and long-term drought adaptation options

Short-term Medium-term Long-term
Implement artificial rainmaking | Introduce water restrictions to Construct monkey cheek dams.
(cloud seeding). balance supply and demand

during droughts.
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Utilize drought-tolerant
varieties of crops.

Harvest surface water using
constructed storage systems,
such as ponds and small dams.

Build injection wells for artificial
groundwater recharge.

Install solar pumps for water
management.

Set up water-efficient irrigation
systems, such as drip irrigation
for orchards and sprinklers for

crops.

Set up lock gates and temporary
barriers across watercourses
and rivers.

Enhance forest fire
management.

Reduce water wastage in
irrigation infrastructure.

Construct wetlands.

Use artificial linings for medium-
sized agricultural ponds.

Plant mangrove forests to
protect coastal areas.

Rehabilitate agricultural ponds.

Manage salinity intrusion into

rivers, canals, and groundwater
bores to protect water quality.

Construct vegetation check
dams.

Build storage systems, such as
ponds and small dams, to
manage on-stream inland
fisheries.

Create fish ladders, constructed
connectivity, and wetland
habitats to maintain viable fish
stocks.

Sustainably manage
groundwater bore fields.

Use soak pits to boost
groundwater levels.

Manage water demand within
commercial enterprises or
households.

Purify saline and brackish water
to improve water quality.

Use insurance products to
reduce risks and socio-economic
impacts of crop or livestock loss.

Some of the above drought adaptation measures (Table 12) are classified as nature-based
solutions. According to the International Union for Conservation of Nature (IUCN), nature-
based solutions are actions aimed at protecting, sustainably managing, and restoring natural
and modified ecosystems to effectively address societal challenges while benefiting both
people and nature. These solutions encompass the protection, sustainable management and
restoration of ecosystems, both natural and modified, which in turn promote biodiversity and
enhance human well-being. Nature-based solutions leverage the benefits derived from
healthy ecosystems and are capable of addressing major challenges, such as climate change,
disaster risk reduction, food and water security, biodiversity loss and human health; they play
a critical role in fostering sustainable economic development.
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Table 13. List of ecological and nature-based solutions

Drought type Ecological and nature-based solution
e Implement artificial rainmaking (cloud seeding).
Meteorological drought e Restore degraded ecosystems.

e Adopt climate-smart agricultural practices.

e  Construct monkey cheek dams.

e Harvest surface water using constructed storage systems such as
ponds and small dams.

e Rehabilitate agricultural ponds.

e  Build vegetation check dams.

Hydrological drought e Manage salinity intrusion into rivers, canals, and groundwater bores
to protect water quality.

e Construct storage systems such as ponds and small dams to manage
on-stream inland fisheries.

e  Purify saline and brackish water to improve water quality.

e Sustainably manage groundwater bore fields.

e Install soak pits to boost groundwater.

e  Construct wetlands.

e Use drought-tolerant varieties of crops.

Agricultural drought e Manage forest fires.

e  Build fish ladders, constructed connectivity, and wetland habitats to
maintain viable fish stocks.

In order to maintain ecosystem services, the ecosystem approach must conserve the
ecosystem structure and functioning to support the management of land, water and living
resources. Most problems of biodiversity management are complex, with many interactions,
side-effects and implications, and therefore should involve the necessary expertise and
stakeholders at the local, national regional and international levels, as appropriate.

3.3.2.2 Potential adaption options to address regional and transboundary drought risks

Regional and transboundary (hydrology) drought risks: The low flow issues resulting from
critical below-average rainfall and/or human-induced activities along the mainstream or
transboundary need active management. This requires open and transparent sharing of data
and information during droughts, including from China, and securing releases from upstream
reservoirs to reverse flows into Tonle Sap Lake, the pivotal asset defining the hydrological,
ecological impacts of salinity downstream through the Mekong Delta to the sea.

The best adaptation measures for these areas develop strategic water resource plans and
targeted drought management plans that are well constructed and developed in consultation
with all stakeholders. Progressively implementing medium- and long-term initiatives well
before the advent of a drought helps those involved in managing difficult issues during the
drought because there are no surprises.
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The main regional and transboundary (hydrology) drought issues in the LMB are:

The hydrological and meteorological drought events in the LMB are strongly linked to
a combination of factors.

In general, the development of dam storages/reservoirs and its flow regulation over
the last 10 years has contributed to changing flow patterns, specifically, during the wet
season where the function of some dams is also to retain rainwater for hydropower
operation, which directly reduces the water levels and flows in both the Mekong River
mainstream and tributaries. In contrast, increasing storage can provide shared benefits
as well as opportunities for regional climate adaptation. Supplementary released water
from the dams upstream can be used to not only mitigate the impacts of severe
droughts and floods, but also to support sediment transport measures, and can help
limit the impacts on fisheries. This may also provide the opportunity to adjust the
timing and volume of the return flows to the Tonle Sap Lake.

Inequitable water abstractions from the Mekong Mainstream during low flows might
seriously affect the downstream farmers and households that rely on the river water
for agricultural farming and domestic use, as well as other water use sectors and
enterprises.

There is a lack of harmonized operations of current storage to proactively anticipate
and manage emerging issues related to flows.

The potential impacts of hydrology drought at the regional and transboundary levels in the
LMB are mainly:

the reduction of reverse flows into Tonle Sap Lake before the end of the wet season,
affecting fish breeding and migrating downstream, augmenting fish supply, and
generating salinity intrusion in the Mekong Delta;

low flows on the mainstream and main tributaries affect transboundary waterborne
navigation; and

transboundary water management issues between Thailand and Cambodia, Thailand
and Lao PDR, the Mekong Delta of Cambodia and Viet Nam, and the Sekong, Sesan and
Srepok River Basin (Lao PDR, Cambodia and Viet Nam).

Potential adaptation options for hydrology drought at regional and transboundary levels in
the Lower Mekong Basin

Approaches to managing regional and transboundary risks during hydrology droughts in the
LMB should consider developing a whole-of-basin flow management plan where:

the regional hydro-political context is conducive to joint actions under the MRC
framework to support the reasonable and equitable use of shared water and the
avoidance of significant transboundary harm during average and drought years,
including progressively deepening droughts; and

there is strong political commitment of the six basin countries to enhance joint efforts
to address basin-wide floods and droughts with the introduction of the MLC
mechanism. The MLC mechanism refers to the Mekong-Lancang Cooperation
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mechanism, a collaborative platform that involves China and five Southeast Asian
countries in the Mekong River Basin—Cambodia, Laos, Myanmar, Thailand, and Viet
Nam. This mechanism was created to enhance regional cooperation and sustainable
development in various sectors, including water resource management, infrastructure,
agriculture, and environmental protection. The MLC mechanism aims to foster joint
actions, particularly in managing shared water resources, reducing environmental
risks, and addressing challenges like floods and droughts. It helps the Member
Countries enhance their collective capacity to manage these issues while promoting
mutual benefits and minimizing conflicts over the use of the Mekong's water

resources.

Table 14. Potential options for regional and transboundary adaptation

Proactive cooperation

Technical support and
cooperation

Generating a data-sharing platform from key Lancang-Mekong reservoirs.
Scientific information sharing on dam and reservoir operations in the LMB of
academic and community-based monitoring and research for a better impact
assessment and communication with the general public.

Performing a routine monitoring flow at key locations on the Mekong River
mainstream as per the Mekong Agreement and the Procedures for the
Maintenance of Flow on the Mainstream.

Maintaining the minimum environmental flows at critical river locations
sensitive to flora and fauna, especially on key Mekong River tributaries.
Monitoring and reporting significant water extractions as per the Procedures for
Water Use Monitoring to raise awareness among Member Countries about who
is harvesting and how much water is being stored and withdrawn for productive
use and when withdrawals are actually made the long travel times.

Developing and implementing joint investment projects between two or more
countries at the regional/transboundary levels for water security, drought
management and other basin-wide benefits.

Operating the river and drought monitoring, forecasting and early warning
system by the MRC and in cooperation with relevant partners and target
stakeholders.

Conducting a comprehensive analysis of Mekong River flow data on the
mainstream and Tonle Sap Lake, and reverse flow volumes to clearly define what
is acceptable and what is possible.

Upgrading the MRC Decision Support Framework with the Reservoir Assessment
and Operational Model that could actively manage the water balance in the
Basin using near real-time data.

Improving the modelling work of the Tonle Sap Lake reverse flows based on the
updated Mekong geomorphology (after the developments just downstream of
the confluence).

Using an operational hydrological model to explore options to regulate flows on
the Mekong River, including the building of an off-stream emergency supply
reservoir that could be used to balance river flows to stimulate reverse flow into
Tonle Sap Lake.

Developing a general pattern of operation mode (rule curves) of the
dams/reservoirs and water withdraw/irrigation in the LMB to support annual
water use planning of the downstream countries.

Establishing operating rules and reservoir-filling schedules for all hydropower
plants is essential to ensure the release of water from reservoirs that meets the
needs of downstream users. This includes providing water for hydropower
generation, agriculture, and ecosystem services like environmental flow and
fisheries. It is crucial to maintain minimum agreed flow levels in the Mekong
River's mainstream, particularly during drought conditions, by carefully
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balancing the flow releases from reservoirs. The goal is to maximize energy
production while mitigating the impacts of droughts and extreme low flows in
the river. There have been several instances where additional releases from
reservoirs have been made to address these challenges and reduce the adverse
effects on the environment and downstream communities.

Enhancing the accuracy of the estimates of consumptive water use, including
crop area, type and calendar, and source of water (groundwater is used
extensively in the delta) for irrigation schemes, and industrial and domestic
water demands.

Developing and operating Proactive Regional Planning (PRP) to prepare an
adaptive basin plan that supplements current national plans with basin projects
and operations that will increase regional water security as conditions change
over time and will create mutually beneficially win-win outcomes for the basin
countries.

4. INSTITUTIONAL SUPPORT

These DAG were prepared with the assumption that MRC institutions and structures would
provide the technical support and guidance to the Member Countries on how to develop the
drought adaptation options/plan and select appropriate adaptation initiatives to mitigate
national drought risks in the LMB. However, for the long term, the MRC Member Countries
should develop and/or enhance their drought management plans independently, using the
DAG, based on their own capabilities and capacities. They should also be independent of MRC
resources. Therefore, the MRCS should play a supporting and facilitator role, rather than act
as the authority driving the development of national DMPs and their implementation at the
national level.

4.1 ROLES AND RESPONSIBILITIES OF THE NATIONAL MEKONG COMMITTEES

The roles, functions and responsibilities of the National Mekong Committees are as follows:

e Coordinate and support the national line agencies to manage droughts within their
countries, considering adaptation options presented in the DAG to develop and/or
enhance their own national, provincial or even district-level drought risk assessments
and drought management plans that can minimize the impacts of all types of droughts
and strengthen community resilience.

e Coordinate and support the national line agencies in monitoring meteorological,
hydrological and agricultural droughts, and sharing the monitoring data and
information from and with the MRCS.

e Collaborate with the MRCS and related line agencies to facilitate consultations and
investigations on the existence of, or potential for, regional and transboundary drought
risks, and on measures that must be taken to prevent, minimize or offset/mitigate the
impacts.

4.2 ROLES AND RESPONSIBILITIES OF THE MEKONG RIVER COMMISSION
SECRETARIAT

The roles, functions and responsibilities of the MRCS are as follows:
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Actively monitor, forecast and provide timely data and information to Member
Countries on drought risks as well as related river, flood, dam operations and climate
issues, and work with Member Countries on adaptation options.
Provide, in an open and transparent manner, impartial technical advice to Member
Countries on any element of the implementation of this Guidelines, in particular, the
capacity for drought risk assessment, adaptation measures and development of DMPs.
Assist Member Countries, in seeking sources of funds to support the implementation
of this Guidelines, for example, to cover costs of regional and transboundary risk
assessments and adaptation options.
Provide support mechanisms and the necessary training for Member Countries to
strengthen their capacity in the implementation of these Guidelines.
Enhance national capacity, skills and institutional capability for line agencies on drought
monitoring and assessment.
Share experiences and knowledge on drought management and on regional,
transboundary and national issues with other regional and international organizations
at conferences, workshops, scientific forms and exchange visits.
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5. RECOMMENDATIONS AND WAY FORWARD

The Drought Adaptation Guidelines (DAG) provide a structured framework (steps) for the
Mekong River Commission (MRC) and its Member Countries to develop national drought
adaptation options focused on risk reduction. These Guidelines aim to shift Member Countries
from reactive crisis management to proactive drought risk reduction strategies The approach
includes step-by-step instructions for creating drought management plans, assessing drought
risks, and implementing adaptation measures. The methodologies outlined are based on both
international best practices and national experiences, allowing countries to tailor the plans to
their specific needs while aligning with global standards for drought risk management. This
structured approach enhances the resilience of the region to recurring drought events and
long-term climate variability. They are also aligned with the MRC Basin Development Strategy
(BDS 2021-2030, MASAP, and DMS), in compliance with key principles of IWRM and within
the context of 1995 Mekong Agreement. The link between national drought adaptation plans
and the regional and transboundary adaptation approach may have synergistic effects in
achieving an economically prosperous, socially just and environmentally sound Mekong River
Basin.

The recommendations are aligned with the DMS 2020-2025 and facilitate the development
of the national drought management plan based on the principles of risk reduction, and
improve the implementation of IWRM.

It is recommended to follow these DAG and to take the necessary actions described below.

At the national level — By analysing current drought management and related policies, identify
the gaps and uncertainties, and develop the action plan for the areas with high drought risks
where vulnerable communities live, well before the advent of a drought. This will ensure that
the government at all levels (i.e. central, provincial, district and local), implementing agencies,
participating NGOs if any, community leaders and the public all know their roles and
responsibilities, and are well prepared to minimize adverse impacts.

At the regional level — The following steps are proposed for the MRCS:

e Continue enhancing and implementing river and drought monitoring and forecasting,
and provide timely data and information to Member Countries in the short, medium
and long term, as well as recommended specific adaptation options.

e Develop and support the implementation of regional, joint and/or transboundary
projects based on the recommended drought adaptation options for the
transboundary level.

e Support Member Countries in formulating or enhancing national drought
management and adaptation plans, and implement the plans if requested.

e Provide technical and capacity-building support to enhance national capacity and
capability in national drought risk assessment and targeted development of drought
adaptation options.
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e Provide technical support to Member Countries in mainstreaming the DAG into the
national development plans and national projects.
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APPENDIX

1. NATIONAL DROUGHT RISK AND SOME RECOMMENDED DROUGHT ADAPTATON
OPTIONS FOR THE MEMBER COUNTRIES

Drought risk is classified into four categories: (i) mild or no risk; (ii) moderate risk; (iii) severe
risk; and (iv) extreme risk. The two most severe classes that need special attention for drought
adaptation are severe and extreme risks.

As regards the national level, two risk levels highlight the actual risk conditions of the province,
specifically, From moderate to severe, and from severe to extreme. Mild or no risk might not
necessarily need any intervention of drought adaptation because it does not face any
significant threat from either meteorological or agricultural drought risk. The most severe risks
that need special intervention for drought adaptation and mitigation are moderate-severe
and severe-extreme.

The national drought risk assessment presented below is solely based on the available data in
MRC data management system and is considered limited. However, the methodology can be
implemented and recalibrated with a more accurate and comprehensive dataset or different
indication of parameters, specifically when performing national drought risk for the national
and subnational levels for the implementation of the drought management plan.

1.1 Cambodia

Four provinces of Cambodia are at highest level risk, i.e. severe-extreme: Battambang, Pailin,
Kampong Speu, and Kampong Chhnang. Ten provinces are at moderate-severe drought risk:
Otdar Meanchey, Banteay Meanchey, Siem Reap, Kampong Thom, Kampong Cham, Tboung
Khmum, Pursat, Kratie, Ratanak Kiri, and Kampot. The other provinces are at mild-moderate
or no-or-mild risk.
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Figure 2. Drought risk map of Cambodia

Note: Kampot and Prey Veng provinces are not fully covered by the LMB boundary.

Table 15. Provincial drought risk of Cambodia

PN P.Name Drought Risk Drought Type
1|Battambang NAVEIERD G Il Meteo, hydro & agricultural drought
2|Pailin AR [0l Meteo & agricultural drought
3|Kampong Speu NEAVE RS Il Agricultural drought
4|Kampong Chhnang NEAEEE2UEUEN Meteo, hydro & agricultural drought
5|0tdar Meanchey [\Y[oTs (TEI-B\EI-0 Meteo & agricultural drought
6|Banteay Meanchey [WeLHEIEIAI-N Meteo & agricultural drought
7|Siem Reap (Y [eTo [IE =RV =l Agricultural drought
8|Kampong Thom (Y [oTo [IEV-B-VEI =l Meteo, hydro & agricultural drought
9|Kampong Cham [\Y/[oTe (1B ¢=0 Hydro & agricultural drought
10[{Tboung Khmum Y/ [oYo [T V=BT (=8l Hydro & agricultural drought
11|Pursat \Y/[oTs (T IT-BYAI (W Meteo, hydro & agricultural drought
12|Kratie (\Y/[oTe (TEI-B\EI -0 Meteo, hydro & agricultural drought
13[Ratanak Kiri ([l CIETEVEI =l Meteo & agricultural drought
14|Kampot [\Y[oTe (TEIE-BYEIG-0 Meteo & agricultural drought
15(Stung Treng Mild-moderate  [Meteo, hydro & agricultural drought
16(Preah Vihear Mild-moderate  |Meteorological drought
17(Prey Veng Mild-moderate  |Agricultural drought
18|Mondul Kiri Mild-moderate [Meteo and hydrological drought
19(Takeo Mild-moderate  |Agricultural drought
20|Kandal Mild-moderate  |Agricultural drought
21{Phnom Penh No or mild None
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1.2 Lao PDR

Lao PDR has less severity of drought risk than the other three MRC Member Countries. The
severe-extreme risk provinces are Louang Prabang, Xiengkhouang, and Savannakhet.
However, the severe-extreme risk areas account for less than 50% of the total land area of the
province. The second highest risk is moderate-severe, the category for nine provinces:
Xayaburi, Oudomxai, Vientiane, Vientiane Capital, Xaisomboun, Attapeu, Champasack,
Louangnamtha, and Borikhamxai. Xekong is classified as mild or no risk, while the remaining
four provinces are classified as mild-moderate risk.
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Figure 3. Drought risk map of Lao PDR
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Table 16. Provincial drought risk of Lao PDR

PN P.Name Drought Risk Drought Type
1[Louang Prabang ARG Meteo, hydro & agricultural drought
2|Xiangkhouang NEVEIGEEE =10 Sl Meteo and agricultural drought
3|Savannakhet NAEICE G EN I Meteo & agricultural drought
4|Xayaburi (Xaignabouli )WL EIRIAZI-0 Meteo, hydro and agricultural drought
5|0Oudomxai (/oL [T BTl Meteo &Agricultural drought
6|Vientiane (Lo Y EIT-EAEI=0 Hydro & agricultural drought
7|Vientiane Capital (Y/[oTe [STEIRE\EI = Agricultural drought
8|Xaisomboun (Y/[oTo [T =BT Agricultural drought
9|Attapeu \Y/[oTe [STEIREEI =M Agricultural drought
10|Champasack (YL [TEIERNVE=N Agricultural drought
11|Louangnamtha \[Te [T TB VI8 Meteom & hydro drought
12(Borikhamxai \Y/[oLe [T BTl Meteo & agricultural drought
13|Bokeo Mild-moderate  [Meteorological drought
14(Saravan Mild-moderate |Agricultural drought
15|Phongsaly Mild-moderate  [Meteo, hydro & agricultural drought
16[Khammouan Mild-moderate |Meteo, hydro & agricultural drought
17|Xekong No or mild risk None
1.3 Thailand

Thailand has the highest severity of drought risk in the LMB region: six provinces are
categorized as severe-extreme risk, 16 provinces as moderate-severe risk, and two as mild-
moderate risk. The top six severe-extreme provinces are Udon Thani, Khon Kaen, Maha
Sarakham, Buri Ram, Chaiyaphum, and Sakon Nakhon; the moderate-severe risk provinces are
Nakhon Ratchasima, Roi Et, Kalasin, Amnat Charoen, Surin, Ubon Ratchathani, Nakhon
Ratchasima, Yasothon, Nong Khai, Nakhon Phanom, Sa Keo, Mukdahan, Loei, Phet Chabun,
Nong Bua Lamphu, Chiang Rai, and Chiang Mai; and mild-moderate risk provides are Phayao
and Chanthaburi.
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Figure 4. Drought risk map of Thailand

Note: Chiang Mai, Phayao, Phet Chabun, Sa Kaeo, and Chanthaburi provinces are not fully within the LMB

boundary.

Table 17. Provincial drought risk of Thailand

PN P.Name Drought Risk Drought Type
1|Udon Thani SEEIGEED I Agricultural drought
2|Khon Kaen SRR Il Agricultural drought
3|Maha Sarakham AR =1 <Ml Agricultural drought
4[Buri Ram SAECERUENE Meteo, hydro & agricultural drought
5|Chaiyaphum SEAEIGCED UGN Agricultural drought
6|Sakon Nakhon SEAEIEEDUEI I Meteo & agricultural drought
7|Nakhon Ratchasima J\/ele[EI=RI=A\1¢=0 Meteo & agricultural drought
8|Roi Et (Y [oTo [STEVERNAVITEEM Agricultural drought
9|Kalasin WY/ [eLe [T VRVl Agricultural drought
10|Amnat Charoen (Y [oYe [ ETBYAVEIE=M Agricultural drought
11|Surin ([T [SIETBYAEIEM Agricultural drought
12|Ubon Ratchathani  [\eIISIEBI=WIN Agricultural drought
13[Yasothon \Y/[eLe [YEVERAYEN Meteo, hydro & agricultural drought
14|Nong Khai (Y [oYe [ EYBYAVEI =M Agricultural drought
15|Nakhon Phanom ([l [SIETEAYEI =M Meteo, hydro & agricultural drought
16|Sa Kaeo (Y[l [ ETBYAYEI -0 Meteo, hydro & agricultural drought
17|Mukdahan ([T [T ETBYAYI (=8 Meteo, hydro & agricultural drought
18|Loei (el [SIETBYAEI =M Meteo & agricultural drought
19|Phet Chabun (Y [oYe [ EYBYAVEIE=M Agricultural drought
20[Nong Bua Lamphu [\l [SEI=BYAI¢=0 Agricultural drought
21[Chiang Rai ([T [ EVBYAYE =0 Meteo, hydro & agricultural drought
22|Chiang Mai (Y [eTo [STEVRNWVIEIEl Meteo, hydro & agricultural drought
23(Phayao Mild-moderate [Meteo, hydro & agricultural drought
25[Chanthaburi Mild-moderate  [Meteo, hydro & agricultural drought
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1.4 Viet Nam

The Mekong Delta is seriously affected by salinity intrusion from the sea during abnormal dry
years, leading to serious impact on agriculture, drinking water, and people livelihood. From
the purpose of modelling, the level of salinity intrusion is added to the drought risk tools
replacing the drought hazard. The result shows that four provinces of the Mekong Delta are
categorized as severe-extreme risk of drought, i.e. Ca Mau, Kien Giang, Bac Lieu, and Soc Trang;
four as moderate-severe risk, i.e. Tra Vinh, Tien Giang, Ben Tre; and Can Tho and Vinh Long as
mild-moderate risk of salinity intrusion.

In the Central Highlands region, three provinces are at moderate-severe risk, i.e. Dak Lak, Dak
Nong and Gia Lai, and Kon Tum and Lam Dong are classified as mild-moderate risk, mainly from
meteorological and agricultural droughts.
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Figure 5. Drought risk map of the Mekong Delta and Central Highland of Viet Nam

Note: Gia Lai, Kon Tum, Lam Dong, Dak Nong, Tien Giang and Long An provinces are not fully covered by the LMB
boundary.
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Table 18. Provincial drought risk of Viet Nam

PN |P.Name |Drought Risk |Drought Type
Mekong Delta
1{Ca Mau SAEIGERD Il Salinity intrusion
2|Kien Giang SEVEERED G Salinity intrusion
3|Bac Lieu SEVEICRDUEIER Salinity intrusion
4[Soc Trang SAEIGER G Il Salinity intrusion
5|Tra Vinh (/oL [TVl Salinity intrusion
6|Tien Giang (\Y/eTe [T EENEVEIM Salinity intrusion
7[Dong Thap (Y[ Te[SEILEEIEEN Salinity intrusion
8|Ben Tre (/oL [TVl Salinity intrusion
9|Hau Giang (\Y/eLe [T EEEVEL=M Salinity intrusion
10|An Giang (RN IeLe[SYEI=I Salinity intrusion
11{Can Tho Mild-moderate |Salinity intrusion
12{Vinh Long Mild-moderate |Salinity intrusion
13|Long An Mild-moderate |Salinity intrusion
Central Highland
14{Dak Lak (YT [T EEVEI =l Meteo, hydro & agricultural drought
15(Dak Nong (/oL [T EEEVEI- Meteo, hydro & agricultural drought
16|Gia Lai (Y [oTe [TVl Meteo & agricultural drought
17(Kon Tum Mild-moderate |Agricultural drought
18[Lam Dong Mild-moderate |Meteo, hydro & agricultural drought

2. RECOMMENDED DROUGHT ADAPTATION OPTIONS BASED ON SECTORS IMPACTED AT
THE NATIONAL LEVEL
2.1 Sustainable management of agriculture (livestock and aquaculture)

a) Water restrictions to balance supply and demand during droughts

High-level objective

Reduce demand to ensure supply continuity throughout the drought.

Description and its
practice

Restrictions are seen by governments as a legitimate tool to manage water
demand during droughts. Restriction policies must be designed with the ultimate
goal of saving water, and define the levels of restrictions, i.e. what they mean for
each level, and the estimated amount of water savings must be computed and
communicated to the public to build confidence. Once implemented, restrictions
require close monitoring by the government and community organizations to
ensure compliance.

Restrictions are usually triggered by the volume of water available for distribution
to consumers, and domestic, industrial, institutional use and for irrigation. The
figure below, developed based on historical hydrometeorological and water
consumption data for a region or a water supply system, explains how restrictions
are triggered. The example presents four levels of progressively tightening
restrictions applied to a region without consideration of irrigation flows.
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Contribution to
drought resilience
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Dead storage refers to the portion of the reservoir that lies below the minimum
operational water level. It represents the volume of water that cannot be
effectively utilized for water supply, power generation, or other beneficial uses.
The normal maximum operating water level of a water storage when not affected
by floods. This water level corresponds to 100% capacity. When the actual water
level, for example, crosses the blue line, retraction Level 1 will be triggered and so
on, for a four-level restrictions regime. Water that is restricted could be from
different clusters of users. For example, in Victoria, Australia, water restrictions
are applied to:

e residential and commercial entities and outdoor watering;

e public gardens, lawns, trees and playing grounds;

e water features such as city ponds;

e hose down hard surfaces;

e vehicle washing;

e  sports grounds; and

e public pools and other amenities.

Restriction levels increase progressively as the available total water volume for
consumption continues to fall. In Melbourne, Australia, the per capita restricted
consumption is targeted at150 litres/per person/day. The anticipated water
savings from implementing restrictions in Melbourne are L1 (14%), L2 (44%), L3
(67%) and L4 (98%), respectively. the MRC estimates unrestricted demand at 67
L/pp/day, 97 L/pp/day, 144 L/pp/day and 102 L/pp/day in Cambodia, Lao PDR,
Thailand and Viet Nam, respectively.

A scientifically designed water restrictions policy should detail the set of
measures associated with each level of restriction and be supported with an
effective communications strategy to inform and engage the people throughout
the drought.

Ensures that water used for human consumption and public health, essential
services such as hospitals and firefighting, industry and ecological services are
met during severe droughts.

Ensures the availability of minimum water needed indoors and for sustaining
industry. The community will know what to expect if water restriction measures
are communicated in advance and will remain engaged during the drought
emergency.

Water use restrictions are mandated and thus seen as the government’s direct
intervention. May not be equitable across all sectors. It is unsure how water used
for agriculture can be managed equitably within a country and between
countries.
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Further details

Liveable Cities and Towns: www.water.vic.gov.au/liveable/using-water-wisely/advice-and-rules/stage-4-water-restrictions
North East Water Drought Preparedness Plans: https://newater.com.au/Portals/0/NE-Water/Sections/What-we-
do/Water/Drought/Drought-Preparedness-Plan.pdf

Drought Communications — Ten tips for sharing your utility’s plan: www.idexxcurrents.com/en/latest/drought-
communications-10-tips-for-sharing-your-utility-s-plan/

High-level objective

Description and its
practice

Contribution to
drought resilience

Pros

Cons

b) Harvesting surface water using constructed water storages such as ponds and small dams

Provide emergency supply during droughts for irrigating crops and raising fish and
ducks, if appropriate.

Ponds refer to water storage structures that are created with dams, or that are
relatively large holes excavated in the soil to hold water. They can be either lined
or unlined. Farm ponds are water-holding structures that may receive their water
from nearby streams or have their own small water catchment or may be filled
with groundwater or surface water using pumps. Pond water is normally used for
livestock water, small-scale irrigation (such as for vegetable gardens and fruit
trees), the raising of fish or domestic ducks, and for fire protection.

Most ponds consist of a small, well-compacted earth and rock-filled dam wall
constructed to engineering standards. They usually have an emergency spill
structure to avoid over-topping if the water volume entering the storage exceeds
its capacity. A pond of 600-m?surface area and 4 m-depth holds nearly 1,600 m3.
Outlet structure to release water could be a sluice gate, a piped outlet or a
syphoning system.

Many pond-like dams in Asia simultaneously rear fish and aquatic animals such as
ducks. However, the choice of the farming model adopted depends on the
sufficiency of water during droughts. Hence, the use of drought forecasts and
warnings provided by an operational drought early warning system is crucial for
the optimal use of the stored water. Ponds can benefit from being lined to
eliminate seepage loss, and if practical, the use of biodegradable chemicals to
suppress evaporation.

Keeps people employed and contributes to food security. Facilitates post-drought
recovery as orchards may be supplied with survival water requirements to keep
fruit trees alive.

Once operational, the investment can provide a return of 25-30 years if the
ponds/dams are lined. Low operational and maintenance costs.

Design standards must be available to reflect soil and terrain conditions.
Technical experts are required to provide advice. Initial capital investment can be
high.
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https://www.water.vic.gov.au/liveable/using-water-wisely/advice-and-rules/stage-4-water-restrictions
https://newater.com.au/Portals/0/NE-Water/Sections/What-we-do/Water/Drought/Drought-Preparedness-Plan.pdf
https://newater.com.au/Portals/0/NE-Water/Sections/What-we-do/Water/Drought/Drought-Preparedness-Plan.pdf
https://www.idexxcurrents.com/en/latest/drought-communications-10-tips-for-sharing-your-utility-s-plan/
https://www.idexxcurrents.com/en/latest/drought-communications-10-tips-for-sharing-your-utility-s-plan/
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For further details and photo source:

Ponds for irrigation water storage - a cost-effective option for the Central Highlands: https://Viet
Namagriculture.nongnghiep.vn/ponds-for-irrigation-water-storage--a-cost-effective-option-for-the-central-

highlands-d298630.html

c) Using monkey cheek dams

Application

Rehabilitates drought-affected degraded land to retain water and more soil
moisture. thus becoming more resilient to drought

Description and its
practice

‘Monkey cheeks’ is a term introduced by the late King Bhumibol Adulyadej of
Thailand. The idea stems from his observation that monkeys store bananas in
their cheeks, conserving them to eat later. He applied this concept to the problem
of flooding around Bangkok. Storing excess water in north Thailand would slow its
progress towards Bangkok and allow it to be used when rainfall decreased. The
concept has been used widely in Thailand and in countries like Australia. For
example, using rocks, fallen trees and other natural debris, a weir is constructed
across a creek, not to stop the flood waters from flowing through, but to slow the
water down. It then has a chance to seep into the landscape on either side, rather
than gushing down the creek system and straight out to sea, taking important
nutrients with it. The water stored and the groundwater recharged then can assist
supply during drought.

Contribution
to drought
resilience

Once the land is rehabilitated and the native vegetation restored over time, the
pondage and its surroundings become more resilient to drought. The restored
asset can support fisheries or rearing ducks adding to the economic prosperity of
the surrounding cantons and/or villages.

Pros

Local technology can be used. An initiative will also retard flood flows and help
mitigate drought risks. Can be constructed using voluntary manpower as
construction skills required are not sophisticated.

May incur a high initial capital cost. Will require earth-moving equipment to move
rocks, logs and build storage. Land may must be acquired high up in the
catchment from private land holders if public land is unavailable.
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https://en.wikipedia.org/wiki/Bhumibol_Adulyadej

For further details and photos source:

Denyer, W. (2018). Soaking up Australia's drought. ABC News. 28 October.
www.abc.net.au/news/2018-10-29/soaking-up-australias-drought-natural-sequence-farming /10312844

d) Artificial rain making (cloud seeding)

Enhance rainfall beyond what naturally falls, increasing water available for

High-level objective . ) . . . .
& ) consumption, and keeping soils moist, thus reducing crop water requirement.

Cloud seeding is the process of artificially generating rain by implanting clouds
with particles such as silver iodide crystals. Cloud seeding is usually carried out by
sprinkling particles from a plane. Using weather forecasting techniques, suitable
clouds are identified based on the location of the target area and the prevailing
winds. Given the appropriate conditions, cloud seedling can modify clouds and
induce rain. This works in two ways: by producing rain when none would fall
naturally, or by increasing the amount of rain that falls over a particular area.

Cloud seeding relies on a number of factors to be in place before it can be
considered a cost-effective water supply solution:

Description and its
practice

e [tis only effective in certain locations in a limited number of weather
conditions. Also, cloud seeding requires existing clouds; it will not
produce rain if there is no moisture-bearing cumulus clouds.

e |t works best in wet years where it can provide additional storage in
dams.

Not all types of clouds are suitable for seeding. Clouds must be deep enough and
of a suitable temperature (between -10 and -12 degrees Celsius) to be seeded
effectively. The wind must also be below a certain speed. These conditions are
most common in mountainous areas.
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Cloud seeding has the potential to increase precipitation provided that the
seeded clouds have the right conditions for seeding. The Department of Royal
Rainmaking and Agricultural Aviation in Thailand established in 1992 continues to
fly rain making missions.

Contribution
to drought
resilience

It is the only option to enhance precipitation during droughts when rainfalls are
low

Pros

Cons Establishment and operations could be costly, and it is not highly effective in non-
mountain regions.

For further details and photo sources:

Royal Rainmaking Project, Thailand: www.au.edu/royal-activities/royal-rainmaking-project.html;
Cloud Seeding Program in the Desert Research Institute: ww.dri.edu/cloud-seeding-program;
More Rain for Melbourne Catchments: www.ecosmagazine.com/?act=view file&file id=EC69p26.pdf

e) Water-efficient irrigation systems such as drip irrigation for orchards and sprinklers for crops

IR EE RIS -I Conserve water while maximizing the area irrigated.

Sprinkler irrigation is suited for most row, field and tree crops, and water can be
sprayed over or under the crop canopy. However, large sprinklers are not
recommended for the irrigation of delicate crops such as lettuce because the
large water drops produced by the sprinklers may damage the crop. There are
many sprinkler types, such as rotating heads, perforated pipes and revolving
sprinkler systems. Based on portability, sprinklers are classified as fully portable,
semi-portable or fixed systems. When selecting the sprinkler type, factors to
consider other than the cost include suitable slopes, soil type, vegetation type
and the quality of water. The raw water used for irrigation needs to be free of

Description and its sediment to avoid blocking sprinkler pores.

practice

Crops suitable for sprinkler irrigation include green gram (mung bean), black
gram. groundnut(peanut) soybeans, chickpeas, sesame (Til), capsicum, chillies,
red/yellow pepper and coriander.

Drip irrigation is the most efficient water and nutrient delivery system for growing
crops. It delivers water and nutrients directly to the plant’s roots zone, in the right
amounts, at the right time, so that each plant gets exactly what it needs, when it
needs it, to grow optimally. Through drip irrigation, farmers can produce higher
yields, with better consistency and quality, while saving on water, labour,
fertilizers, energy, and even crop protection products.
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Crops suitable for drip irrigation include orchard crops such as grapes, bananas,
pomegranate, orange, other citrus trees, mango, guava, pineapple, cashew nut,
papaya, litchi and watermelon. vegetables include tomatoes, chilies, capsicums,
cabbage, cauliflower and broccoli, onion, okra, eggplant, bitter gourd, cucumber,
carrots, spinach and pumpkins.

Contribution to Efficient growing of orchard trees and vegetable crops, maximizing the use of
drought resilience water. Conserving water supplies are very important during droughts.

Uses low volumes of water. Can apply nutrients and fertilizer targeting the root
system.

Technical support will be required to choose and install systems. Maintenance
costs are low but the capital and upfront costs are high.

Pros

Cons

Example of drip irrigation Example of sprinkler irrigation

For further details and photo sources:

Commercial Sprinkler Systems - Design and installation: www.google.com/aclk?sa=I&ai=DChcSEwjRnPK-

y9i AhVPHysKHZ5CCkcYABAAGgJ)zZg&sig=A0OD64 OuN-Uk7VZRg4d6iPePX 0J-
RCLKw&g&adurl&ved=2ahUKEwis9-y-y9j AhUWbmwGHfWkAUUQOQx6BAgZIEAE;

Sprinkler Irrigation — Why successful farmers use it: www.agrivi.com/blog/top-5-reasons-why-successful-
farmers-use-sprinkler-systems;

Drip irrigation systems Best for plant and crop growth:

https://www.google.com/aclk?sa=1&ai=DChcSEwiNop2 zNj AhUJeisKkHePZAOcYABABGgJzZg&sig=A0D64 27NU
p8IJCWEZn9AYZXVWttl0-gNg&g&adurl&ved=2ahUKEwijZ2pe zNj AhXvU2wGHZv5ASMQOQx6BAgGEAE

f) Water wastage reduction in irrigation infrastructure

LB EVE RG]\ -3 Enable infrastructures to be more efficient.
There are many canals, sluice gates, piped systems from canals, water wheels etc.
used in day-to-day irrigation. All of these tend to lose water as they age unless
properly maintained. Typically, water losses occur from:

Description and its
practice e unlined earthen canals with high seepage and from water theft from
compromised canal bunds (or ridges);
e leaking sluice gates;
e malfunctioning concrete diversion structures; and
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https://www.google.com/aclk?sa=l&ai=DChcSEwiNop2_zNj_AhUJeisKHePZAOcYABABGgJzZg&sig=AOD64_27NUp8lJCWEZn9AYZXVWttlO-gNg&q&adurl&ved=2ahUKEwjZ2pe_zNj_AhXvU2wGHZv5ASMQ0Qx6BAgGEAE
https://www.google.com/aclk?sa=l&ai=DChcSEwiNop2_zNj_AhUJeisKHePZAOcYABABGgJzZg&sig=AOD64_27NUp8lJCWEZn9AYZXVWttlO-gNg&q&adurl&ved=2ahUKEwjZ2pe_zNj_AhXvU2wGHZv5ASMQ0Qx6BAgGEAE

e malfunctioning of water wheels used to lift water from small canals to
distribution channels;

e use of flood irrigation methods on land that is not level, creating pools and
ponds; and

e excessive water use due to not switching off infrastructure such as water
pumps run on solar power.

After taking an audit of irrigation infrastructure performance and efficiency from

a water loss viewpoint, the government can lead the way in determining a works

programme to improve the integrity of the irrigation infrastructure. Measures

that could be considered include but are not limited to:

e concretely or artificially lining irrigation channels;

e repairing breached canal bunds and ridges;

e refurbishing concrete infrastructure such as sluice gates, diversion;
infrastructure and drop structures.

Contribution to Conserves water to maximize area irrigated.
drought resilience

Farmers have increased the certainty of receiving water in drought years when

Pros supply is restricted.

Fixing infrastructure can be expensive, hence, the role has to be led by the
government.

Cons

For further details and photo sources:

Water Infrastructure Investments: www.dcceew.gov.au/water/policy/programs/infrastructure-investments;
Assessment of irrigation efficiencies and water productivity in paddy fields in the lower Mekong River Basin:
www.infona.pl/resource/bwmetal.element.springer-806a8ae5-89e4-3508-a703-95423e6e92c0

g) Using artificial lining for medium-size agricultural ponds

LR EVEI NG Y40 Conserve water so that water could be used for productive purposes.

55


https://www.dcceew.gov.au/water/policy/programs/infrastructure-investments
http://www.infona.pl/resource/bwmeta1.element.springer-806a8ae5-89e4-3508-a703-95423e6e92c0
https://www.google.com/url?sa=i&url=https://www.weeklytimesnow.com.au/news/politics/victorias-agriculture-infrastructure-and-jobs-fund-drained/news-story/1a81b353aa660867254abf10863f70db&psig=AOvVaw3uoP7aRTz3UmlJXmNRSO1y&ust=1687582752340000&source=images&cd=vfe&ved=0CBAQjRxqFwoTCMjX_PzN2P8CFQAAAAAdAAAAABAD

Description and its
practice

Contribution to

drought resilience

Pros

Medium-size pond-type structures that harvest water could be lined using either
natural soils such as clay where available, or synthetic liners. Commercially
available lining includes:

e  PVC lining. This has excellent abrasion resistance, is difficult to puncture, and
is the most common and popular liner. It is also highly flexible, which allows
the liner to conform precisely to the subgrade. It is also easy to seam and seal
and is resistant to most common industrial chemicals. Finally, PVC liners are
among the most cost-effective. PVC is available in a variety of thickness. For
pond and pit liners, thicknesses of 20 mm to 40 mm, and even 60 mm are
commonly available.

e EPDM rubber is also a very common material. It is more expensive than PVC,
but for smaller ponds, it may serve the purpose. EPDM is easy to seam and
easy to patch, and hence, easy to install. The material is a type of rubber, so
it can be installed in virtually any climate or temperature condition, and can
stretch to triple its original length without breaking.

e  For extremely harsh conditions, ponds are sometimes lined with high-density
polyethylene (HDPE). HDPE is not very flexible; it is the same material as for
milk jugs and margarine tubs but is extremely tough. HDPE is usually UV-
stabilized, and offers exceptional dimensional stability, outstanding tear
resistance and seam strength.

e  Polypropylene is more expensive than PVC and HDPE, comparable in price to
EPDM. It is, however, one of the more durable liner materials; it can last up
to 40 years.

Among these used techniques for reducing evaporation are physical methods that
use floating or suspended covers and can save a large percentage of water
(between 70% and 95%). However, they are expensive. Currently, chemicals are
widely used to reduce water evaporation, such as WaterSavr, and can save
relatively a small percentage of water (between 20% and 40%). Biological
methods such as floating plants, wind breakers and palm fronds can provide a
significant decrease in the volume of evaporation, but they have some
restrictions on their uses. Hexadecanol or cetyl alcohol and octadecanoyl or
stearyl alcohol, or a mixture of these two chemicals is commonly used for
suppressing evaporation from lakes and reservoirs, and is reported to control
evaporation up to 30% and 57%, respectively.

Surface water harvested in ponds can be a life source during prolonged droughts,
especially if seepage and evaporation losses are minimized.

EPDM liners offer unmatched resistance to ultraviolet radiation and can
withstand normal environmental exposure for well over 30 years. HDPE liners,
although difficult to assemble, last even longer. Surface water chemicals work
best to reduce evaporation in ponds with low wave action due to wind.

The only major drawback to PVC liners is that they are easily damaged by the
sun’s ultraviolet rays. A PVC liner covered with at least 12 inches of clean fill will
last for decades. Lining can be costly, but cost benefit ratios show that they are
viable in high drought-risk areas. Technical know-how is required to install the
fabric without tearing the fabric. Evaporation suppressants also need expert
advice on how best to use them.
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For further details and photo sources:

Options for retention pond lining: https://www.waterproofmag.com/2011/10/options-for-retention-ponds;
Dam and pond liners: https://fmindustrial.com.au/pond-liners;

What to look for in an irrigation pond liner: https://www.btlliners.com/what-to-look-for-in-an-irrigation-pond-

liner;

A Review of Evaporation Reduction Methods from Water Surfaces. https://www.e3s-
conferences.org/articles/e3sconf/pdf/2019/23/e3sconf form2018 05044.pdf

h) Rehabilitation of agricultural ponds

Application

Description and its
practice

Contribution
to drought
resilience

Pros

Cons

Provides additional storage and back-up during drought after rainfall fills the
rehabilitated agricultural pond.

In rural villages in Cambodia, community ponds provide water for domestic use,
livestock, irrigation and home gardens. There are similar ponds elsewhere in LMB
countries that provide similar utility services; some are operational, and others
have been abandoned and are in a state of disrepair. Although these ponds have
been historically used to supply water and for various non potable water use
during non-drought years, with the availability of conventional water supply,
these ponds have been left unattended and have fallen into disrepair.

Rohal Suong was one village that was chosen as a climate-smart village in
Cambodia. The community leadership identified rehabilitating ponds in disrepair
as one of the key initiatives to increase their resilience to drought. Supported by
volunteers and with advice from technical specialists and some funds from a non-
governmental organization, initiatives were launched to rehabilitate these ponds
to their past operational condition so as to serve as valuable back-up during
drought. These efforts in Cambodia have mostly been executed by village
volunteers, and Rohal Suong is a successful initiative that received nominal
assistance from the Government other than technical support.

Provides back-up water storage for drought. The stored water can be used for
many non-potable purposes.

Costs are minimal if the banks of the ponds are structurally sound; there is a
volunteer labour force available, which is an asset to the community.

Once rehabilitated, technical experts must certify that the storage meets
structural standards. Volunteer support is needed to provide the labour.
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A neglected community pond that is in disrepair A community restored pond after rehabilitation
in Rohal Suong in Rohal Suong

For further details and photo sources:

Community pond restoration in Cambodia provides water for 100 families in Rohal Suong, Cambodia:
https://ccafs.cgiar.org/news/community-pond-restoration-cambodia-provides-water-hundred-families;
Keeping the water flowing during droughts: www.unicef.org/cambodia/stories/keeping-water-flowing-during-
drought;

Pumps and ponds: Responding to drought: www.weadapt.org/sites/weadapt.org/files/legacy-
new/placemarks/files/54edb4e947fcf54e50597ed84bsnvkh-agr-hifstudy.pdf

i) Using drought-tolerant varieties of crops and goats during droughts

Enable farmers to shift to crops that are more drought-tolerant than traditional

3 [Ty B[S o) [T S\ crops or drought-tolerant variants, including many varieties of rice when a
drought early warning system forecasts dryer-than-average conditions,

Drought is a natural disaster that can have devastating effects on crops, leading
to reduced yields and even crop failure. In areas with high drought risk, farmers
need to grow crops that can cope with drought to protect their livelihoods and to

ensure food security for the country.

The International Rice Research Institute (IRRI) in Philippines and research
agencies in ASEAN countries and in South Asia have carried out research on
drought stress-tolerant rice varieties of shorter duration that are amenable both
for transplanting and direct sowing. Short-duration and drought-tolerant varieties
fit well into contingency plans for all types of farming situations (upland, midlands
and lowlands) in high drought-risk provinces and districts. Yields of short-duration
varieties are slightly lower than those of long-duration varieties due to early
maturation (as short as 90 days). However, short-duration varieties serve as best
options for drought-proofing in rainfed rice cultivation because they provide a
significant yield advantage (1.2 T/ha) in drought years over the traditional long-
duration non-drought tolerant varieties.

Description and its
practice

Drought-tolerant varieties of rice include Anjali, Sookha Dan, Sahod Ulan
Sahbhagi dhan, and DRR dhan 42, 43, and 44 varieties. Details are available from
IRRI. Farmers are to be advised by government agricultural officers on which
varieties of rice suit them best given their soil types, overall average weather
conditions and how early they can plant to maximize yield.

There are other crops grown successfully under drought or arid conditions in the
African continent and in South Asia. Farmers need to practise proper irrigation
and water conservation techniques such as using mulching, and using water-
efficient irrigating systems where they are practical and cost-effective. It is also

58


https://ccafs.cgiar.org/news/community-pond-restoration-cambodia-provides-water-hundred-families
https://www.unicef.org/cambodia/stories/keeping-water-flowing-during-drought
https://www.unicef.org/cambodia/stories/keeping-water-flowing-during-drought
https://www.weadapt.org/sites/weadapt.org/files/legacy-new/placemarks/files/54edb4e947fcf54e50597ed84bsnvkh-agr-hifstudy.pdf
https://www.weadapt.org/sites/weadapt.org/files/legacy-new/placemarks/files/54edb4e947fcf54e50597ed84bsnvkh-agr-hifstudy.pdf

important for farmers to choose the right location for their crops, as certain areas
of the country are more suitable for certain types of crops than others. Drought
tolerant varieties include: sorghum, millet, cowpea, ground nuts, cassava, maize,
sweet potatoes, okra, bananas and yam varieties. There are also other varieties of
crops indigenous to many countries.

Assist food security and sustains livelihoods, even during drought years, placing
less pressure on governments. However, the Government will be responsible for
providing seeds for farmers, possibly at concession rates, as well as agricultural
know-how. This will avoid costlier interventions if farmers grow traditional crops
during drought and have catastrophic crop failure.

Advantages include reduced risk of crop failure, low water requirements, high
tolerance to extreme weather such as high temperatures, and low levels of
rainfall.

Contribution to
drought resilience

In some cases, they have lower yields; there are limited varieties, and limited
access to technology (i.e. some drought-resistant crops, such as sorghum and
millet, may require special equipment or processing techniques that are not
widely available to farmers). These varieties request strong government
engagement.

For further details and photo sources:

Drought tolerant rice varieties give high yield even in non-drought years: www.ifad.org/en/web/latest/-
/drought-tolerant-rice-varieties-benefit-farmers-even-in-non-drought-years;

Drought tolerant paddy cultivars to tackle deficit rainfall situations: https://vikaspedia.in/agriculture/crop-
production/crop-management-for-aberrant-weather-conditions/smart-practices-technologies/drought-tolerant-
paddy-cultivars-to-tackle-deficit-rainfall-situations;

Water-Smart Agriculture through Adoption of Drought-tolerant Crops
https://cgspace.cgiar.org/rest/bitstreams/564c25¢7-532d-41c0-8¢59-5f3d64d345f5/retrieve

i)

Solar pumps

Pumps water from a source to irrigate crops, feed livestock and water for

sanitation and consumption.

A solar powered water pump is most useful in remote areas or in field conditions

where conventional electrical power is unavailable and thermal power-driven

Description and its pumps (e.g. diesel) are not fit for purpose. It is usually run with electricity
practice generated by photovoltaic panels or the radiated thermal energy available from

collected sunlight.

Application
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Solar pumps can extract water from a source such as a river or an artificially
constructed water storage, or an irrigation canal for livestock or drinking after
filtering and boiling. A typical solar-powered pump system consists of a solar
panel array that powers an electric motor, which in turn powers a bore or surface
pump. The water is often pumped from the ground or stream into a high storage
tank that provides a gravity feed to the demand centre.

Contribution
to drought
resilience

When conventional power poles and wires are unavailable, some water sources
can be left untapped due to pumps not being able to operate. However, solar
pumps will ensure that these resources are utilized for productive purposes
during droughts.

Pros

Increasingly becoming cost effective. Enables accessing water sources otherwise
remaining untapped. Rural, distant and remote areas can benefit.

Cons

May require higher capital costs to establish. Solar panels may be subject to theft.

Solar Paned

Sun Rays

Ground Lavel

™ Pump Contrclier

S

benarsble Pump

For further details and p

hoto sources:

Tata powered solar pups: https://www.tatapowersolar.com;

How solar pumps work: https://healingwaters.org/how-do-solar-powered-water-pumps-work

k) Vegetation check dams

High-level objective ‘

Provide water for small-scale irrigation and refuge for water-based fauna.

Description and its
practice

A check dam (also called a gully plug) is a small, temporary or permanent dam
built across a drainage ditch, swale or channel to lower run-off speed. By reducing
the original gradient of the gully channel, erosion and gully erosion are prevented
and sediments and pollutants settle. Furthermore, it allows groundwater to
recharge and possibly retain soil moisture due to infiltration. It can be built from
wooden logs, stone, pea gravel-filled sandbags or bricks and cement. Tree
seedlings, as well as shrub and grass cuttings planted in gullies, can grow without
being washed away by flowing water. Thus, a permanent vegetative cover can be
established in a short time. Temporary structural measures such as woven-wire,
brushwood, logs, loose stones and boulder check dams are used to facilitate the
growth of this permanent vegetative cover. Depending on the topography,
amount of precipitation, and material and financial resources available, there are
several methods to construct a gully plug.

Contribution
to drought
resilience

By reducing water speed during floods, vegetated check dams reduce erosion.
They also improve water availability by contributing to groundwater recharge.
This can increase groundwater yield and provide supply during droughts. Because
these dams are constructed by local labour and available materials, they require
less energy to produce, are far more sustainable, and can often be applied in a
shorter timeframe than traditional civil engineering works.
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Will recharge groundwater and ponds for small-scale irrigation, and provide
shelter and refuge for fauna during droughts. Low cost and local material.

Can exacerbate floods if the design is not modified to cater for floods. Requires
agreement from downstream users.

For further details and photo source:

Beat Stauffer, Nina Carle, Dorothee Spuhler. 2024. Check Dams & Gully Plugs: www.sswm.info/content/check-

dams-gully-plugs

1) Managing salinity intrusion into rivers, canals and groundwater bores to protect water quality

High-level objective

Description and its
practice

Prevent or minimize saltwater from contaminating fresh water used for human
consumption, agriculture, fisheries, industrial use and ecosystem services.

Salt content in rainwater is around 25 ppm, fresh water from lakes, 100-1,000
ppm, brackish water, around 1,000—-3,000 ppm, and seawater around 35,000
ppm. Drinking water is recommended to have less than 500 ppm, and the amount
of salt tolerated by irrigated crops varies between 200 ppm and 800 ppm,
depending on the type of crop.

Saltwater intrusion is an environmental problem that compromises fresh
groundwater resources in coastal aquifers. The reason for this could be: excessive
abstractions from groundwater bores, especially during droughts; the unplanned
and unregulated drilling of bore fields where abstractions exceed sustainable
yield; wrong placement of bores too close to the coast; naturally occurring
minerals in the source water; or insufficient leaching of irrigated lands. Excessive
pumping can also cause land subsidence, allowing king tides to move further
inland inundating irrigated land. Excessive sand mining on riverbeds and lack of
flow during droughts can result in the saltwater wedge moving upstream in a river
from the coast. There is evidence that the Mekong River saltwater intrusion
extended nearly 80 km upstream of the coast during the 2019-2020 drought.

Options for controlling salinity related to groundwater bores include but are not
limited to managing pumping rates, relocating pumping wells, regulating new
bores, using physical surface or subsurface barriers, natural or artificial recharge,
and a combination of initiatives. Saline and brackish water can also be used after
suitable treatment using commercially available plants.

Physical subsurface barriers are commonly built along the coast using
concrete, grout, bentonite, slurry walls and sheet piles (Figure a). The .3 km-
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long and 0.54 m-wide Komesu underground concrete (cut-off wall) was built
70 m below mean sea level to prevent saltwater intrusion from the sea.

—— After countermeasure action
------ Before countermeasure action
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Flgure (a) Subsurface barrier
Artificial extension of the coastline towards the sea is defined as land reclamation
(Figure b) and can involve the building of dykes in the sea or along the coast. New
land is created by either using natural beach ‘erosion and deposition’ processes or
artificially filling using the appropriate type of soil at the desired geometry and
slope. The newly established land changes the hydraulic gradient, thus creating a

new boundary for the freshwater lens.
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Figure (b). Artificial filling of the coastline
Recharging the aquifer at a time when surface water of acceptable quality is
freely available (Figure c) helps push the saline water and the freshwater
interface further towards the sea. This enhances the volume of freshwater that

can be extracted.
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Figure (c). Artificial recharge using surplus freshwater

Managing the saltwater wedge moving upstream of the Mekong River and other
smaller rivers in the Mekong Delta requires physical interventions such as building
barriers as well as regulating excessive sand mining in rivers. Increasing the
volume of water flowing down the river by releasing water from dams is also
effective but is not possible in drought years. Mining sand from the bed of a river
deepens the river enabling the saltwater wedge to move further inland. The
mining must be regulated, especially in dry years, to maintain the delicate balance
between the sediment replenishing the sand with volumes of sand extracted.

Saltwater travelling upstream can be regulated by building sluice gates across the
river. The Chao Praya River in Thailand has 63 sluice gates currently on the river
(see Figures d and e) to control salinity, and the gates can be closed from time to
time when salinity levels are high on the river. Structures across rivers obstruct
navigation and are only suitable at certain locations.
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On some occasions, temporary barriers such as rockfill coffer dams are also
constructed across rivers when salinity problems are acute, and they are
decommissioned after serving urgent needs.

Figure (d) Salinity barrier across ariver Figure (e) Temporary rockfill barrier

Saline and brackish water can also be treated using conventional treatment plants

Contribution to
drought resilience

Ensures that fresh water is available to be used for productive use. Provides
suitable water quality for fauna incapable of dealing with salt water.

Contributes to food security and human health by continuing to provide good

B quality water even during droughts. Supports livelihoods.

Infrastructure such as temporary barriers across rivers can be expensive and may
not be applicable everywhere. Sluice gate-type structures along canals in the
delta may be cost-effective. Some measures to be effective may need to be
e implemented over the medium to long term.

For further details and photo source:

Report on salt water intrusion and remedial measures:

https://phongchongthientai.mard.gov.vn/en/Pages/mard-report-on-the-drought-and-saltwater-intrusion-in-
mekong-river-delta.aspx

m) Purifying saline and brackish water to improve water quality

High-level objective Purify water not being used due to poor quality and put it to productive use.

Sea water and brackish water treatment is called desalination. Desalination of sea
water on a small scale may not be practical as a drought alleviation measure.
Although very expensive, the technology is available and used to supply large
cities such as Melbourne, Perth in Australia, and in Asian countries such as
Singapore. The focus here will be treating brackish water, which has salt levels
less than 10,000 ppm. Brackish water is treated through desalination, which
removes dissolved mineral salts from saline water and converts it into fresh,
drinkable water. Reverse osmosis and distillation are the primary technologies
used to treat brackish water:

Description and its e Reverse osmosis: A reverse osmosis system applies pressure to saline water
practice and forces it through a semipermeable membrane. The membrane’s small
pores block the passage of dissolved salts and other contaminants but allow
water to flow through, producing fresh water.

e Distillation: Mimics evaporation in the atmosphere. Water is heated until it
becomes steam and then condensed. The two primary distillation methods
are multistage flash distillation and solar distillation. The former is used in
large-scale operations, while the latter is more suitable to supply small
communities.

In multistage flash distillation, brackish water is passed through multiple
chambers where it is heated and compressed under high pressure. In each
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successive chamber, the pressure is reduced, causing the water to rapidly boil.
The vapor produced in each chamber is then condensed and collected as fresh
water.
In solar distillation, a pool of brackish water is covered by a transparent glass or
plastic dome. Sunlight streams through the covering, evaporating the water and
condensing it on the cover. The condensation, which is fresh water, then flows
from the cover into a collecting trough.

Contribution to Water that was unsuitable for productive use is now fit for purpose use including

drought resilience consumption, irrigating home gardens and feeding stock.

Contributes to sustainable agriculture and quality of human life by providing
potable quality water.
Could be expensive. The high salt concentrated brine, which is a waste product of
Cons treatment, must be disposed carefully. Energy-intensive but can easily be
combined with solar power.

Pros
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Essential elements of a reverse osmosis treatment process

Steam

Circulation pump Seawater
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Essential elements of distillation under pressure

For further details and photo sources:

Treatment solutions for brackish water: https://moerkwater.com.au/water-sources/brackish-water;
Brackish water treatment: www.cleanwaterstore.com/blog/purifying-brackish-well-water;
Multi effect distillation — Overview: www.sciencedirect.com/topics/engineering/multiple-effect-distillation

2.2 Fisheries

n) Construction of storage such as ponds and small dams to manage on-stream inland fisheries
(used by off-stream farmers)
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Used in domestic situations where individual aquaculture farmers raise fish

Application commercially either producing fingerlings or purchasing them from government-

or private sector-owned fish hatcheries.

Post-rehabilitation of natural ponds used for agricultural purposes or exclusively

used for aquaculture and artificially constructed ponds, and dams can be used for

rearing fish for commercial purposes. During drought periods, at these locations,

the following issues must be considered to ensure smooth operations:

e reducing fish stock to manage disease and competition for depleted oxygen;

e monitoring water quality for algae such as blue-green algae (Cyanobacteria)
that can be toxic to fish and using artificial aeration run with traditional or
solar power to increase oxygen content; and

e pre-planning restocking with fingerlings post drought to mitigate risks from
excessive death of breeding stock during droughts.

Maintains minimum fish stocks to run viable commercial businesses and ensures

a readily available source of protein when food security and nutrition may be an

issue during droughts.

Pros Maintains a viable means of earning income.

Cons Temporary aeration infrastructure costs may be high.

Description

Contribution to
drought resilience

A restored pond after rehabilitation in Rohal Suong Artificial ponds used for aquaculture

Oxygen Level Restored
B X 2 T

Xl Areation

After Aeration Added

Destocking fish stocks to manage disease and death  Artificial Aeration to increes oxygen levels

For further details and photo sources:

Municipal Water Aeration: www.westechwater.com/markets/municipal-water/aeration;
The Purpose of Aeration: https://aerationsupply.com/pages/the-purpose-of-aeration

65


https://aerationsupply.com/pages/the-purpose-of-aeration

o) Fish ladders, constructed connectivity between isolated pools and habitat for maintaining viable
fish stocks

Used to ensure fish trapped in pools or isolated areas have the ability to move
Application within a stream. Constructed wetlands provide habitat essential for species
survival.

Drought impacts streamflow, dissolved oxygen content, water quality, stream
connectivity, available habitat, and other important freshwater habitat
characteristics necessary for sustaining fish and invertebrate populations. Low
flows during droughts may interfere with the natural flow, creating isolated pools
that are disconnected from one another. Although these pools may provide refuge,
overcrowding and the competition for food may result in high levels of mortality.
Fish ladders and artificially constructed by-passes connecting pools enable
migratory fish to be mobile and provide fish trapped in isolated pools with a means
of escaping crowded conditions that risk disease and death from predators.

Description and its
practice

In addition, artificially constructed wetlands at strategic locations can provide
refuge during droughts and create habitat that is conducive to breeding post-
drought, assisting stock recovery. Fish habitat can be created with; overhanging
vegetation, such as grasses and trees that droop into the water; river-bottom
substrate such as gravel, stones and boulders appropriately spaced and
with freshwater plants; and debris such as logs, branches and with undercut
banks.

Contribution to Assists with retaining viable stocks of popular species that will contribute to post-

drought resilience drought recovery over a few seasons.

Low technology and use of local material to construct. It helps retain viable levels
of fish stock essential for commercial fisheries.
Cons Capital costs to build the infrastructure could be high.

Pros
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Example of a constructed rock ramp fishway A constructed wetland

For further details and photo sources:

Fish ladder: https://en.wikipedia.org/wiki/Fish ladder; Science Direct description of fish ladders:
www.sciencedirect.com/topics/agricultural-and-biological-sciences/fish-ladders;

Fresh water fish habitat: www.doc.govt.nz/nature/habitats/freshwater/freshwater-fish-
habitat/#:~:text=1t%20can%20be%20provided%20by,freshwater%20plants

2.3 Sustainable management of water supply for domestic use

p) Sustainable management of groundwater bore fields

Ensure that overextraction does not deplete the groundwater source to a level
GIELGEEVE NG ST where water quality is affected or there is a drop in yield due to extractions that
exceed recharge.

In a field of groundwater wells, there can be interference if the cone of influence
overlaps due to excessive extraction. The sustainable management of an aquifer
requires actions to manage the catchment area that recharges the aquifer as well
as the amounts extracted by consumptive users. Specific initiatives involve:

e estimating the sustainable diversion limit on an annual basis derived
from using historical extractions and groundwater-level data as well as
complementary hydrometeorological data;

e metering and monitoring large users of groundwater;

e licensing the permissible extraction volumes;

e licensing existing groundwater wells and new borehole applications;

e providing guidelines on groundwater investigations and borehole
construction;

e groundwater restrictions policy regulating extractions during droughts;

e developing a groundwater management plan for each and every aquifer,
before reaching its maximum diversion limit; and

e periodic testing of groundwater quality.

Description and its
practice

Extraction limits (or caps) are imposed to protect the resource and prevent it
being depleted or causing adverse impacts such as:
e  excessive extractions causing borehole interference and land subsidence;
e reduced base flows in rivers and streams affecting the environment and
downstream users;
e changes to water quality; and
e saline intrusion.
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If the amounts of groundwater extracted are unsustainable during average
rainfall years or during droughts, alternate uses can be considered a useful
mechanism to manage water use conflicts.

Contribution to Predetermined groundwater volumes that can be safely harvested gives certainty
drought resilience to consumers.

Anticipates potential problems early and ensures that people know the status of

Pr e . s .
0s the water availability and the potential for sinking more boreholes in the future.

Will require efforts and leadership by the government and take around six

Cons
months to a year to develop.
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For further details and photo sources:

P AP AL L A A A A

The Role of Sound Groundwater Resource Management:
https://unesdoc.unesco.org/ark:/48223/pf0000379093.locale=en;

Sustainable Management of Groundwater Extractions: An Australian Perspective:
www.sciencedirect.com/science/article/pii/S2214581822002750

q) Soak pits to boost groundwater

Increase groundwater recharge to bring the water table up to facilitate access to

High-level objective  [Nu—. through wells.

A soak pit is a covered, porous-walled chamber that allows water to slowly soak
into the ground, thereby recharging groundwater and bringing the water table
up. As surface water percolates through the soil from the soak pit, small particles
are filtered out by the sandy soil in the pits base acting as a filter. The source of
water could be harvested stormwater, flood waters or wastewater directed to the
soak pit using either drains or surface channels, which subsequently seep through
Description and its the soil mantle.

practice
It can be left empty and lined with a porous material to provide support and
prevent collapse, or left unlined and filled with coarse rocks and gravel. The rocks
and gravel will prevent the walls from collapsing but will still provide adequate
space for the water to seep through. In both cases, a layer of sand and fine gravel
should be spread across the bottom to help disperse the flow. To allow for
maintenance access, a removable lid should be used to seal the pit.

Contribution to Groundwater levels are kept high to minimize risks of overuse during droughts.
drought resilience

Cost-effective because construction only requires manual labour and freely
Pros available local material. Construction is not technically complex. Needs only a
small area.

The best location for soak pits will require scientific analysis to optimize recharge.
It is also only suitable where soils are very porous.

Cons
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For further details and photo sources:

Technical design for groundwater recharge: https://upgwdonline.in/PDF/Ground-Water-Recharge-

Method Eng.pdf;
How Do-It-Yourself Soak Pits Can Augment Groundwater Locally: https://worldarchitecture.org/article-

links/ecmem/how-doityourself-soak-pits-can-augment-groundwater-
locally.html#:~:text=A%20s0ak%20pit%2C%20for%20as,up%20for%20water%20to%20recharge.

r) Injection wells for artificial groundwater recharge

High-level objective Ensure that there is sufficient volume of good quality water in the aquifer to
supply consumptive users.

Artificial recharge is the practice of increasing the amount of water entering
an aquifer through human-controlled, artificial means by simply injecting water
directly into the deep water-bearing zones using injection wells. The source of
water should be of good quality. Aquifers recharged are usually confined by
materials of low permeability. The porous medium confining the recharged
aquifer is preferable to be sandstone or limestone. There can also be direct
Description and its injection into the soil mantle when aquifers are shallow.

practice
A screen can be placed in the injection area to increase recharge efficiency.
Injection wells are particularly useful for: aquifers with a long retention time; in
areas where land is scarce to build surface recharging systems; and in areas
where groundwater resources are heavily utilized or there is water scarcity. It is
especially useful for adding freshwater to coastal aquifers experiencing saltwater
intrusion to reduce salinity levels in the water extracted for fit-for-purpose use.

Increases supply from groundwater during droughts and may reduce salinity
levels in coastal aquifers, making the water more useful for agriculture or
horticulture.

Contribution to
drought resilience

Using water harvested from surface runoff in ponds or storm water, thus reducing

Az runoff.

Needs power to inject water under pressure. Costs could be lower if pump
Cons stations have solar power available. Capital costs high upfront. Injecting area pipe
casings may get clogged from sediment, requiring back-washing and cleaning.
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For further details and photo sources:

Artificial Recharge: An overview: www.sciencedirect.com/topics/earth-and-planetary-sciences/artificial-
recharge;

Groundwater Recharges Technology for Water Resources management: A Case Study:
www.intechopen.com/chapters/73757;

GIS-based framework for artificial aquifer recharge to secure sustainable strategic water reserves in Qatar arid
environment peninsula: https://www.nature.com/articles/s41598-021-97593-w

2.4 Navigation and tourism

s) Lock gates and temporary barriers across water courses and rivers

Install temporary barriers across rivers to maintain stream water levels at
navigable heights, thereby facilitating navigation during droughts. This measure
assists in supporting transportation, fishing, and low-draft tourist boats wherever
feasible.

A lock is an artificially constructed device used for raising and lowering boats,
small cruise ships and other watercrafts between stretches of water of different
levels on rivers and canal waterways. The distinguishing feature of a lock is a fixed
chamber in which the water level can be varied (rise or fall) using natural or
artificial pumping systems, or a hybrid of the two. An artificial barrier (or a
structure akin to a coffer dam) may be built across part of the river, diverted if
necessary and integrated with the lock gate.

High-level objective

Description and its
practice

If purely to facilitate navigation, artificial temporary barriers (some inflatable)
across relatively narrow rivers and canals can help keep upstream levels higher.

Contribution to Continues essential navigation along rivers, thus contributing to the economy and
drought resilience maintaining people’s livelihoods
When navigation along rivers is kept operational, people are ensured
employment and livelihoods.
May not be feasible everywhere and is expensive to construct. Technically
complex, and high costs require government intervention and investment.

Pros

Cons
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A plan and side view of a generic, empty canal lock

For further details and photo sources:

Locks and Dams: www.teachengineering.org/lessons/view/cub _dams lesson03;
Hydraulic and structural design of navigation locks: www.hilarispublisher.com/open-access/hydraulic-and-
structural-design-of-navigational-locks-2165-784X-1000297.pdf

2.5 Sustainable management of the environmental and Ecological Services

t) Forest fire management

Protect people, property and the environment. Drought creates major problems
LR EVE NI S as the fuel available in the forest is increased due to dead vegetation (crown and
understory) as well as dry soils, and hot winds fan fires.

Forest fires are a significant threat to rural communities and has to be suppressed
Description to protect communities, assets including households and environmental (flora
and fauna) and cultural values.

Planned burning: Planned burning is a key part of a year-round programme to
reduce forest fire risk to communities and the environment. Fuel reduction burns
are needed to reduce the size, intensity and effects of future fires. Planned burns
could also be carried out for ecological purposes to maintain the health of certain
plants and ecosystems, and to regenerate species or vegetation types. Planned
burning may protect specific endangered wildlife habitat.
Home and community fire plans: Individual families and communities are
encouraged to develop plans such as for reducing fire risks by clearing vegetation
around their dwellings and the community. Dead trees are used as firewood for
heating or cooking, and not left in the woods, where they can fuel forest fires.
Contribution to Managing and responding to crown fires: Crown fires must be managed by
drought resilience professionals, usually a hybrid of professionals and local volunteers. Professional
fire fighters need the necessary equipment, the professional know-how and
training to be effective and efficient.
Restrictions during heatwaves and droughts: High winds and heatwaves during
drought substantially increase forest fire risks. Hence, a fire early warning system
can be put in place advising the public and industry what to do and what not to
do. Lighting outdoor fires should be avoided during high-risk day(s).
Arsonists and pyromaniacs: There are people with mental health issues who
deliberately light fires during exceptionally dry periods. Law enforcement officers
(police and military) should be aware of this, and should take steps to minimize
risks.

Protects lives and livelihoods and the environment, including flora and fauna.

Needs a great deal of pre-planning and prescribed back-burning almost every year
to ensure fire risks are minimized. It can be expensive.
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For further details and photo source:

U.S. federal fire and forest policy: emphasizing resilience in dry forests:
https://esajournals.onlinelibrary.wiley.com/doi/full/10.1002/ecs2.1584

u) Constructed wetlands

High-level objective

Description and its
practice

Contribution to
drought resilience

Pros

Cons

Serve as a refuge for aquatic life, and if necessary, farmed fish and ducks for
consumption. It can also purify canal or river water, and provide emergency water
supply at a local level.

A constructed wetland is an artificially constructed asset consisting of shallow
ponds or channels where aquatic plants have been planted. They have the
features of a natural wetland, acting as a filter for removing sediments and
pollutants such as heavy metals from the water. Additionally, they act as water
storage systems, providing environmental benefits such as habitat for wildlife and
aiding in flood control. It uses natural processes involving wetland vegetation,
soils and their associated microbial assemblages to improve water quality. As
water flows through a wetland, it slows down, and many of the suspended solids
become trapped by vegetation and settle out. Other pollutants are transformed
to less soluble forms taken up by plants or become inactive.

Vegetation in a wetland provides a substrate (roots, stems, and leaves) upon
which microorganisms can grow and remove pollutants from the water. Wetlands
can also support vegetables such as lotus (edible roots and seeds) or Kankun, and
are constructed by excavating, backfilling, grading, diking and installing water
control structures to establish desired hydraulic flow patterns.

Wetland vegetation is then planted or allowed to establish naturally but is most
effective if planted.

Increases food security and provides a temporary water store. It can also recharge
shallow groundwater aquifers.

It can be an asset during drought as well as non-drought periods and may help
mitigate flood peaks if properly designed and constructed. Local volunteers may
help build if properly guided.

May require technical know-how, money and land to construct.
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For further details and photo sources:

Constructed wetland design manual: www.melbournewater.com.au/building-and-works/developer-guides-and-
resources/standards-and-specifications/constructed-wetlands;

Constructed Wetlands: an Overview: www.sciencedirect.com/topics/earth-and-planetary-sciences/constructed-

wetland

High-level objective

Description and its
practice

Contribution to
drought resilience

v) Planting mangrove forest to protect coastal area

Ameliorate coastal erosion and provide habitat through planting of mangrove
along the beach, and in coves and in brackish water where suitable. These
mangroves help manage salinity intrusion.

Mangroves are shrubs or small trees that grow in coastal saline or brackish
water. They are salt-tolerant and can cope with saltwater immersion and
wave action. The dense root systems of mangrove forests slow the flow of
water over the soil surface and traps sediments flowing down rivers and off
the land. This helps stabilize the coastline and prevents erosion due to waves
and storms. By filtering out sediments, the forests also protect coral reefs and
seagrass meadows from being smothered in sediment. Mangroves reduce the
height and energy of wind and swell waves passing through them, reducing
the danger of sediment erosion, saltwater flooding during high tides and
winds, and damage to structures such as dikes and sea walls.

Controls coastal erosion resulting from salinity intrusions. Increased aquatic
habitat can increase aquatic fauna that can be edible, supporting food
security.

Easy to plant but needs government assistance with saplings. Volunteers can
do the replanting work and protect the revegetated areas until they are
sufficiently strong to withstand currents and waves. Collateral benefit of
reducing impacts of storm surges.

May get washed away if there are high seas that are turbulent soon after
planting.
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For further details and photo sources:

Mangrove Forest and Coastal Revegetation: https://panorama.solutions/en/building-block/mangrove-forest-

and-coastal-revegetation;

A systematic review of mangrove restoration studies in Southeast Asia: Challenges and opportunities for the
United Nation’s Decade on Ecosystem Restoration:
www.frontiersin.org/articles/10.3389/fmars.2022.987737/full

2.6 Managing socioeconomic impacts

w) The use of insurance products to reduce risks and socioeconomic impacts of crop or stock loss

High-level objective

Description and its

practice

Contribution to
drought resilience

Provide farmers and agribusiness a tool to manage crop losses from natural
disasters such as droughts and floods.

Index-based insurance, social protection schemes and other forms of risk
financing give farmers and agribusinesses risk-based financial options to manage
the impacts of crop failure as well as reduce risks and socio-economic impacts.
There are two insurance types currently available: indemnity insurance and index-
based insurance.

Indemnity-based insurance is based on the principle that compensation is
provided for particular losses suffered by an insurance holder. It is based on a
field assessment of crop loss, and payout may take time because losses faced by
farmers must be verified on the ground and certified as true losses.

Index-based insurance is based on parameters such as fortnightly rainfall or
temperature, or a combination of many easily measurable hydrological or
meteorological parameters. These parameters are used to estimate the
correlated losses of a crop at a particular time within the cropping cycle in a
specific geographic area. Farmers in this specific area receive payouts based on
parameters reaching pre-determined thresholds, rather than on field inspections.
Payments to farmers can be made available in a very short time since the criteria
for triggering settlement were established earlier, when the insurance policy was
issued.

Governments in the LMB must encourage the participation of the private sector
as well as the state sector when offering insurance products. The number of
farmers needing initiatives to manage crop failure risks is expected to grow over
time as they face climate extremes.

Keeps farmers and agribusiness solvent, enabling them to recover from drought
and to continue farming. This in turn contributes positively to food security in the
LMB reducing the burden on governments.
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Once insured, if crops fail, the farmers or the agribusinesses insured will be
compensated, preparing them to continue farming in the next year or season.
Private and government financial institutions are involved.

There is always the risk of farmers under-insuring in order to save on the annual
premium. However, this is counterproductive when a drought eventually affects a
crop. Farmers may not have sufficient resources to purchase seeds for the next
season, which affects their ability to fully function just as they did before the
drought. Until a mature market is developed, the insurance premium may be
high, requiring government subsidies.

For further details and photo sources:

Protecting Livelihoods Linking — Linking Agricultural Insurance and Social Protection:
www.fao.org/3/cb2690en/cb2690en.pdf;

Insurtech expands weather index insurance to Viet Nam:
www.insurancebusinessmag.com/asia/news/catastrophe/insurtech-expands-weather-index-insurance-to-Viet
Nam-coffee-farmers-443750.aspx

x) Water demand management in a commercial enterprise or a house

Use voluntary best practice rules and water demand management initiatives to
TR EVE NG ST M reduce potable water use. Efforts are needed to reduce demand to 75
litres/person/day or lower, where possible, during droughts.

house or a commercial enterprise. In the bathroom, dual flush toilets can be used,
which reduce the 12-litre full flush to 6 litres per flush, thus saving 50%. In
addition, reducing the time taken for showers and replacing shower heads with
water-efficient shower heads can save water. All water used for washing clothes
and kitchen utensils can be used directly for garden watering if watering is limited
to non-edible plants; otherwise, water could be directed to ponds that will
recharge groundwater.

The above is easy to achieve by making small changes to everyday habits, as
follows:

e reducing the time of your shower by one minute;

Description

e  brushing your teeth with the tap off;

e using the hose moderately when washing driveways, watering plants and
washing vehicles;

e fixing leaks;

e scraping plates instead of rinsing them, before putting them in the
dishwasher;

e not flushing toilets until the water colour darkens. Throw a cup of water
inside to rinse the bowl after urinating;

e placing a plug or container in the sink when preparing vegetables,
washing fruit or washing dishes.

Contribution to Minimizes the pressure on potable quality water supply by reducing per capita

A number of initiatives could be followed to reduce water consumption in a
drought resilience domestic water demand. Very useful in large cities.

Pros Reduces demand for potable water. It is cost-effective if water-efficient
appliances are subsidized by the government in high drought-risk areas.

Cons ‘ Still needs an ongoing potable water supply.
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