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Abstract: Climate change is unequivocal. Farmers are increasingly vulnerable to floods and drought.
In this article, the negative impact of climate hazards on rice cultivation in the Tonle Sap and
Mekong River influenced by climatic variability between 1994 and 2018 are analyzed. A cohort
of 536 households from four Cambodian districts participated in household surveys designed to
consider how various vulnerability factors interacted across this time series. It was found that: (i) The
major climate hazards affecting rice production between 1994 and 2018 were frequent and extreme
flood and drought events caused by rainfall variability; (ii) In 2018, extreme flood and drought
occurred in the same rice cultivation cycle. The impact caused by each hazard across each region
were similar; (iii) An empirical model was used to demonstrate that drought events tend to limit
access to irrigation, impact rice production, and result in an increased prevalence of water-borne
diseases. Flood events cause reduced rice production, damage to housing, and impede children
from accessing education. The impact of drought events on rice production was found to be more
severe than flood events; however, each climatic hazard caused physical, economic, social, and
environmental vulnerabilities. It is recommended that sufficient human and financial resources are
distributed to local authorities to implement adaptation measures that prepare rice farmers for flood
and drought events and promote equitable access to water resources.

Keywords: climate change; climate variability; adaptation measures; flood; drought; rice cultivation;
Tonle Sap; Mekong River; Cambodia

1. Introduction

Climate change has significant impacts on Cambodian rice producers [1] as a result of
variations in rainfall patterns [2]. Since the 1960s, atmospheric CO, concentrations have
increased by 21%, causing a higher number of hot days and nights each season [3] and an
average annual temperature increase of +0.8 °C [4]. Wet season rainfall has increased over
time, resulting in more frequent flood events. Meanwhile precipitation in the dry season
has remained stable, possibly decreasing [5]. A flood pulse is a dominant characteristic
of hydrology of the Tonle Sap and Mekong River [6], which is influenced by the El Nifio
Southern Oscillation (ENSO) (which causes inter-annual variations, bringing warmer, drier
winters in El Nifio years and cooler than average summers in La Nifia years) [7,8]. Climate
change impacts in Cambodia manifest as flood and drought events that severely impact
socio-economic development [9]. The country is highly vulnerable to these events due
to insufficient infrastructures [10], low adaptive capacity [11], and a high dependence on
natural resources [12].
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Agriculture is the backbone of the Cambodian economy and an essential source of
income for many of the 78% of citizens who live rurally [13] and have livelihoods that
are dependent on agriculture [5,14]. For instance, in 2017 agriculture employed 37% of
the total population [15] and contributed 16.3% of GDP in 2018 [16]. Rice-based farming
systems have dominated the landscape for more than 2000 years [17]. Cambodia currently
exports between four and five million metric tons of rice, with production growing at 3.8%
per annum [18]. In 2018, Cambodia produced up to 10.8 million metric tons, with rice
accounting for around half of agricultural GDP. Three-quarters of the rice was produced
in flooded wetlands of the Tonle Sap and Mekong River [19]. A high proportion of the
rural population of Cambodia live within 15 km of these wetlands and the sustainability of
rice-based livelihoods [20,21] are highly sensitive to variations in the flood pulse dynamics
of the river system [22].

The Climate Change Action Plan (2016-2018) of the Royal Government of Cambodia
(RGoC) recognizes this, identifying agriculture as one of the most climate-sensitive sectors
in the country due to impacts on rain-fed rice production systems [23,24] and fisheries [25].
Devastating flood events have been a common occurrence in Cambodia since 1999, while
drought events began to cause concern in 2003 [26]. Both hazards have significantly
impacted rice production. For instance, a drought in 2004 reduced projected rice production
by 82%, while the 2011 floods affected 1.5 million people in 18 out of the 25 provinces
in Cambodia and damaged around 17% of crops [27]. These were not isolated events.
Between 2000 and 2002, Cambodia suffered from a series of severe flood events [28]. The
RGoC spent 12 million USD recovering from a major drought in 2009 [29]. The 2011 floods
were coupled with a major drought, affecting 3804 hectares in 2011 and 14,190 hectares in
2012, of which 3151 hectares were destroyed [30]. Less extensive droughts also impacted
local rice production in 1999, 2000, 2008, and 2012 [31].

Drought and flood events are expected to become more frequent and intense. An
investigation into the impacts of climate change on rice cultivation systems is important
for informing adaptation measures that may reduce the vulnerability of rice farmers in
Cambodia. Thus, three research questions were framed to guide this research: (i) How has
the climate changed in Cambodia over the past 30 years? (ii) To what extent do climate
hazards produce vulnerabilities among rice farmers? Lastly, (iii) what physical, economic,
social, and environmental factors influence how vulnerabilities due to climate hazards are
experienced? This paper not only uses the four vulnerability factors defined by the United
Nations (UN) in 2004 to discuss the core issues but also focuses on practical implications
and experience to enhance the development agenda in the specific contexts of the Tonle
Sap or Mekong River.

2. Conceptualizing Interaction of Vulnerability Factors to Climate Change

The agriculture sector is one of the most vulnerable to climate change in Cambodia [32].
Climate change has resulted in decreased food production [33], posing threats to the socio-
economic development of rice farmers [34]. This is linked to proven negative impacts,
that increase the risks associated with rice cultivation [35]. Higher temperatures [36] and
changes to rainfall distribution increase the frequency and intensity of extreme weather
events [37], such as floods [38] and drought [39]. This has caused a marked decrease in rice
production [40], with even minor increases in temperature having a significant impact [41].
For instance, in the Philippines, a 1 °C increase in the mean temperature of a growing
season has been shown to decrease dry season rice yields by 15% [42]. A similar rice yield
reduction of 18% due to alterations in precipitation cycles and temperatures has been
recorded in Thailand [43]. In Cambodia, climate change impacts have witnessed a gradual
increase and eventually reached a stage beyond the adaptive capacity of rice farmers.

The relationship between climate change impacts and rice cultivation has been in-
vestigated with respect to vulnerabilities and adaptation. Some researchers have focused
on impacts such as: investigating the direct effects of climate change on rice yields in
China [44]; mapping regional climate risks on rainfed rice in India [45]; managing climate
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risks and opportunities for rice production in the West-African floodplains [46]; and liveli-
hood constraints of rice farmers in Indonesia [47]. Meanwhile, others have focused on
technological innovations, such as enhancing rice productivity in Nepal [48] or climate
change adaptation in the agricultural sector in Sri Lanka [49].

Over the last two decades, vulnerability frameworks have been increasingly used to
understand the impacts of climate change [50,51]. A range of tools have been developed to
identify vulnerability at the household or community level. For example, multi-criteria
decision analysis has been used to classify vulnerability at the household level in Mex-
ico [52]; a social vulnerability index has been used to assess vulnerability across different
countries in Africa [53]; and vulnerability indicators have been used to map vulnerability
hot spots in India [54]. Vulnerability indicators have the advantage of being able to be used
for self-assessment that empowers local communities to determine potential losses and
damage of life and economic activities from climatic hazards [55].

Vulnerability has been defined as an indirectly observable phenomenon, where out-
comes can only be studied after adaptation has occurred [56]. Interest in vulnerability
as a link between disasters and development grew during the 1980s and 1990s and was
later extended to socio-economic and environmental concerns. In 2004, the United Na-
tions distinguished between four types of vulnerability (see Table 1) in the context of
risk assessment and disaster risk management, including physical, economic, social, and
environmental factors [57]. While researchers use multi-criteria decision and social vulner-
ability index for formulating decision matrix and social impacts, vulnerability indicators
and four vulnerability types are being conducted to assess the negative effects of climate
change based on sustainability perspective.

Table 1. Conceptualizing an interaction of vulnerability factors.

Factors Explanation
. Environmental vulnerability includes aspects such as access to water
Environmental . . .
for daily consumption and water for cropping.
. Physical vulnerability is associated with the condition of infrastructure
Physical

such as housing, property, or machinery.

Economic vulnerability is related to the economic resources required to
Economic mitigate impacts on rice crops, fisheries and livestock, and other
income generation activities.

Social vulnerability is associated with the level of wellbeing of rice
farmers related to injury, death, disease, and access to education.

Adopted from United Nations [57].

Social

However, vulnerability may be defined differently depending on the methodology
used for evaluation [58]. For instance, some frameworks use indicators of risk experienced
by different classes of society [59], the potential for loss [60], or measures of potential
future harm due to an inability to withstand the effects of a hostile environment [61,62].
Scholars have also categorized vulnerability into natural [63] vs. social forms [64], as well
as vulnerability caused by internal [65] vs. external factors [66]. Another review paper on
the assessment of strengths and weaknesses of different groups to climate change identified
biophysical, human ecological, political economy, constructivist, and political ecology
perspectives on human vulnerability [67]. Physical-environmental, socio-economic, and
external dimensions have of vulnerability have also been defined in this context [68].

This research applies the four vulnerability factors defined by the UN in 2004 [57] to
climate change impacts on rice cultivation at the household level rice cultivation (Table 1).
It gathers empirical evidence of climate change vulnerability focused on flood and drought
events. These two hazards are well articulated in disaster risk management literature but
there is a scarce discussion of how well physical data aligns with qualitative information
on climate change vulnerability in the Cambodian context. The four vulnerability factors
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are well suited to providing a better understanding of how climate change affects rice
cultivation because this concept covers all the aspects of sustainability.

The existing literature on the vulnerability of rice producers to climate change in the
country has focused on: environmental changes [69], socio-economic issues [70-72], and
adaptation and resilience strategies [73-80]. An additional study makes predictions about
the impacts of climate change on agriculture to 2050 [81]. Climate change has affected
water productivity [74] and negatively impacted rice yields of small farmers [75]. In Tonle
Sap Lake, climate change caused long-term challenges to farmers’ livelihoods due to weak
adaptive capacity [76]. As a result, adaptation and resilience are important for coping
with social and economic vulnerability [80]. In reducing the negative impacts of climate
change, Sok and Yu (2015) linked adaptation, resilience, and sustainable livelihood to
identify vulnerabilities in the Mekong River; they recognize roles of the five assets, support
mechanism, and livelihoods strategies [77].

Overall, these existing studies focus on the impacts of climate change and how they are
responded to using local adaptive capacity, indigenous knowledge, and external support in
either the Tonle Sap or Mekong River. The impact of climate variability on rice cultivation
in the Tonle Sap and Mekong River between 1994 and 2018 is assessed in this study;,
including how different vulnerabilities to flooding and drought interact in these areas.
The present study is the first to compare climate change impacts and adaptation across
these two regions. It is also the first to conduct an empirical and theoretical analysis of the
vulnerability of rice farmers to climate change at the district level in Cambodia.

3. Materials and Methods

A range of primary and secondary data was collected to enable an analysis of the
impacts of climate change on cultivated areas of rice paddies in the Tonle Sap and the
Mekong River. Secondary raw rainfall data over areas cultivated with rice paddies was
sourced from the Ministry of Water Resources and the Meteorology (MoWRaM) and the
Ministry of Agriculture, Forestry and Fisheries (MAFF) for the period between 1994 and
2018. This was used to generate results for a Standardized Precipitation Index (SPI) and
develop climate vulnerability maps for each region. This enabled monthly rainfall data
to be used to specify significant flood and drought periods, which were then linked to
qualitative information on the perception of residents about changes to the frequency and
intensity of flood and drought events over these periods.

Primary data was collected via household surveys, along with key informant inter-
views and group discussions conducted as part of the fieldwork conducted between May
2019 and March 2020. Four districts representative of the overall conditions in each target
province were selected for these research activities, based on their level of dependence
on water resources for rice paddy cultivation and vulnerability to the impacts of climate
change. The selection was informed by discussions with local stakeholders such as gov-
ernment officers and NGO representatives from the four provinces. This provided an
opportunity to compare the impacts of climate change across different rice-producing
regions. Bakan and Sangke districts in Pursat and Battambang province, respectively, were
chosen to represent the Tonle Sap Region, while Peam Ro and Kompong Siem districts in
Prey Veng Kompong Cham Provinces, respectively, were chosen to represent the Mekong
River region (Figure 1).

A total of 536 rice farming households were systematically sampled for the survey:
127 in Bakan, 136 in Sangke, 144 in Peam Ro, and 129 in Kompong Siem (Yamane, 1967) [82].
The survey collected data on local perceptions about the impacts of climatic change related
to various environmental, economic, and social vulnerability factors. A structured question-
naire was used to elaborate on local perceptions of climatic change, including the degree
to which local rice farmers were affected by flood and drought events, and their degree
of social, economic, physical, and environmental vulnerability. Further interviews were
conducted with government officials, NGOs, and local authorities to obtain their insights
into the impacts of climate change on rice production. The interviews were conducted after
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preliminary findings from the survey were available. Questions were used to clarify and
elaborate on key findings from the survey.
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Figure 1. Map of Cambodia highlighting the four study districts.

Following the interviews, focus group discussions comprising 10 participants were
held with rice farmers and the commune heads of each district. The meetings were used
to discuss problems that had arisen due to climate change impacts. A meeting of local
experts in the fields of physical and human geography, environmental and social sciences,
and development studies, also comprising 10 participants was conducted to access a local
analysis of the survey data. A full list of interviewees and focus-group discussions is
attached in Appendix A. The researchers also participated in various regional conferences
to gain insights into the impact of climate change on rice production across the region
including the 8th Regional Stakeholder Forum held in Bangkok, Thailand (5-6 November
2019), and the 9th Regional Stakeholder Forum held in Lang Prabang, Lao PDR (5-6
February 2020).The Standardized Precipitation Index (SPI) applied as part of this study
was used to compare the probability of precipitation across different time scales in the
region using precipitation data accessed from MoWRaM. By definition, the Standardized
Precipitation Index (SPI) is a measurement of rainfall intensity for a certain time scale
such as 1, 2, or more months. It was introduced by McKee McKee, Doesken, and Kleist
(1993) [83] based on the probability distribution illustrated by Thom (1966) [84]. Climate
vulnerability maps were developed using annual rainfall data and provincial statistics on
the area of crops damaged by flood and drought accessed from MAFF. The rainfall gradient
displayed on the maps was determined using the Inverse Distance Weight method.

The survey data were analyzed using Weight Average Index (WAI), t-tests, ANOVA,
and logistic regression. WAI measuring on a five-point scale was used to draw local per-
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ceptions regarding climatic change and the interaction of vulnerability factors incurred
by flood and droughts. The five-point scale included: considerably less (CL) = 0.00-0.20,
less (L) = 0.21-0.40, moderate (M) = 0.41-0.60, high (H) = 0.61-0.80, and very high
(VH) = 0.81-1.00. While the T-test was used to compare mean values of vulnerability
factors across the Tonle Sap and the Mekong River regions, ANOVA was applied to com-
pare the mean values within the four study districts. Attributes used for analysis, t-test
and ANOVA included increasing temperatures, reduced availability of water resources,
decreasing soil moisture, decreasing mangrove cover and river levels, and an increased
occurrence of windstorms and lightning. Simultaneous Multiple Regression was used
to predict whether these values were significant with respect to climate impacts related
to flood and drought events. The key informant discussions were used to elaborate on
the information obtained about various physical, economic, social, and environmental
vulnerability factors, which were analyzed with respect to the survey data during the focus
groups involving local experts.

4. Results
4.1. Climate Variability between 1994 and 2018

Figure 2a,b compare the results of the SPI using a 3-month moving average (SPI3) for
rainfall between 1994 and 2018 in the Tonle Sap and the Mekong River. The results show
that between 1994 and 2018, climate variabilities brought different threats to the Tonle
Sap and Mekong River mainly flood and drought. The Tonle Sap was more vulnerable
to drought, while the Mekong River tended to be more flood-affected. In the Tonle Sap,
drought was the major threat to this region. The blue and red lines intersecting the SPI3
time series are used to highlight the period between 2012 and 2014, where severe flood
and drought events occurred across the country. Figure 2b, which displays results for
the Tonle Sap region, show that Battambang and Siem Reap were affected by flood and
drought during this period, while the three other provinces were affected only by floods.
While an ENSO pattern occurred across the entire period (1994-2018) in the Tonle Sap, the
drought that occurred in 2015 and 2016 was a once-in-a-lifetime event. All provinces in the
Tonle Sap recorded similar rainfall patterns and the drought was experienced across the
entire regime.

In the Mekong region, flood and drought events were experienced at different inten-
sities between 1994 and 2018 across each province. For instance, while Kampong Cham
and Prey Veng provinces were affected by flooding between 2012 and 2013, Kandal was
in drought. Even though Prey Veng and Kandal are adjacent to each other in the Mekong
River region, the latter experienced climatic conditions consistent with those in Siem Reap
in the Tonle Sap at this time. Rice production under normal climatic conditions would be
expected to vary with precipitation across the two regions, where one receives sufficient
rainfall for rice cultivation, while the other may be affected by flood or drought. For
example, in 2014, while Stung Treng was affected by a minor drought, Kampong Chhnang
was impacted more severely. Thus, in the presence of a strong regional climatic driver such
as El Nifio affecting rainfall, drought would be expected to be experienced at different
degrees of severity across the country. (When SPI is positive and more than 1; it is flood.
When it is negative and more than 1, it is drought. The higher the number SPI is, the more
severe the flood or drought event.)

The survey results provide an indication of the local perceptions of rice farmers about
the degree of climatic change, including increasing temperatures, reduced availability of
water resources, decreasing soil moisture, decreasing mangrove cover and river levels, and
an increased occurrence of windstorms and lightning (Figure 3). Rice farmers in the Tonle
Sap indicated a high level of concern over several indicators of climate change impacts,
including increased temperatures (WAI = 0.78), reduced soil moisture (WAI = 0.77), lower
river levels (WAI = 0.69), reduced access to water resources (WAI = 0.66), and reduced
mangrove cover (WAI = 0.63); and a moderate degree of concern about changes to the
frequency of windstorms (WAI = 0.55) and lightning (WAI = 0.49).
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Figure 2. (a) SPI3 in the Mekong River region. (b) SPI3 in the Tonle Sap region.
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Figure 3. Local perceptions towards key attributes of climatic change in the past 30 years in the Tonle Sap and the
Mekong River. Note: WAI = Weight Average Index measured on a five-point scale (Considerably Less (CL) = 0.00-0.20,
Less (L) = 0.21-0.40, Moderate (M) = 0.41-0.60, High (H) = 0.61-0.80, Very High (VH) = 0.81-1.00); OA = Overall Assessment;
p-value for ANOVA test among the stud area: Increased temperatures = 0.000, Reduced access to water resources = 0.000,
Reduced soil moisture = 0.000, Reduced mangrove cover = 0.000, Lower river levels = 0.002, Increased severe storms = 0.000,
Increased thunderstorms (leading to death) = 0.000. p-value for T-test comparing the Tonle Sap Lake region with the Mekong
River region: Increased temperatures = 0.000, Reduced access to water resources = 0.000, Reduced soil moisture = 0.009,
Reduced mangrove cover = 0.000, Lower river levels = 0.0019, Increased severe storms = 0.000, Increased thunderstorms

(leading to death) = 0.000.
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Recently, climate change impacts have caused a shift in rainfall patterns tending towards
drought and high temperatures, water scarcity, and low soil moisture and river levels. Coping
strategies in the Tonle Sap have resulted in a significant decline in flooded forest cover
as residents have lit fires to clear these resources across both regions to increase access to
agricultural land. At the same time, climate impacts such as windstorms and lightning have
become more extreme, resulting in an increased number of deaths [Expert-FG].

The ANOVA confirms that the perspectives of rice farmers about climate change im-
pacts over the last 30 years, across each of the four study districts, varied considerably. For
instance, rice farmers in Peam Ro demonstrated a high degree of concern about increased
temperatures, while this was very high for the other three districts (p-value = 0.000). Rice
farmers in Bakan indicated a high degree of concern about reduced access to water re-
sources (p-value = 0.000) windstorms (p-value = 0.000) and lightning (p-value = 0.000). Rice
farmers in Peam Ro also indicated a low degree of concern about reduced soil moisture
(p-value = 0.000), while rice farmers in Bakan and Sangke indicated a high degree of concern
about changes to mangrove cover, whereas this concern was only moderate in the other
two provinces (WAI = 0.000). Rice farmers in Sangke and Kompong Siem shared a high
degree of concern about a reduction in river levels (p-value = 0.002). The commune heads
of Bakan observed that rice farmers in the Tonle Sap faced difficulties both in terms of there
being too much water, as well as water scarcity as paddy rice production was impacted
by variable rainfall patterns [FGD-1]. In the Mekong River region, rice farmers lacked a
well-functioning irrigation system to supply sufficient water for dry-season rice cultivation.
However, in Peam Ro many farmers were required to apply this strategy as paddy fields
were covered by floods during the entire wet season [FGD-2].

4.2. Negative Impacts of Climate Hazards on Rice Paddy Cultivation

During a typical year, the monsoon season starts in late May and ends in October.
Local experts indicate that the heavy rain received between September and October is the
most significant for traditional rice cultivation, as it provides water to stimulate flowering
of the rice plant, while also suppressing weeds [Expert-FG]. In 2018, climatic conditions
fluctuated between flood and drought throughout the country within the same growing
season (June and November). Figure 4 demonstrates that during this time 58,565 hectares
were destroyed by drought, while 54,072 hectares were destroyed by flood (p-value = 0.190).
A tropical depression developed over Cambodia in mid-July 2018 resulting in extremely
high rainfall, with events affecting several provinces in each region. Meanwhile, rainfall
peaks that usually occurred in September and October did not eventuate, leading to
drought. The impacts of this variability in rainfall patterns worsened at the end of the
season when many wetlands rapidly evaporated [Expert-FGJ.

A rainfall to calculate SPI for climate variability confirms a consistency between
physical data and agricultural production loss and damage. Drought was more vulnerable
to rice paddy cultivation in the Tonle Sap region if compared to the Mekong River. The
Mekong River region experienced drought impact, but the severity was less even during
ENSO period. Most of the affected farmers resided along the Tonle Sap and the Mekong
River were impacted as a result of rising water levels. In Sangke, the flood was caused by
heavy rain and the accumulation of water, affecting agricultural land, roads, houses, and
other property [KI-10]. Commune councilors in Peam Ro indicated that the Mekong River
rapidly reached a dangerous height of 7.5 m after increasing by over 1.5 m in just one day
[FGD-2].
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Figure 4. Vulnerability to climate change on the cultivated areas of rice paddies in the Mekong River region and the Tonle

Sap region.

In Cambodia, drought is normally associated with an El Nifio pattern, resulting in
unusually high temperatures and surface water evaporation, as well as insufficient wet
season rainfall with a delayed arrival and earlier departure. In 2018, the majority of the
provinces in both regions received little or no rain from December to early January, as
drought conditions worsened [Expert-FG]. These conditions destroyed 50,869 hectares of
rice paddies in the Tonle Sap region and 7696 hectares in the Mekong River region. In Tonle
Sap, drought hit almost all the provinces except Kompong Thom. The destruction was
most extensive in Battambang (27,340 hectares) and Kampong Chhnang (20,143 hectares),
with Siem Reap (1299 hectares) and Pursat (2087 hectares) being less affected. The drought
period was prolonged, resulting in a significant economic crisis in the Tonle Sap region.
Comparatively in the Mekong River region, Prey Veng (6112 hectares) was the most affected,
followed by Kampong Cham (1584 hectares).

4.3. Interaction of Vulnerability Factors Incurred by Flood and Droughts

Vulnerability to climate hazards is influenced by linkages between a range of physical,
social, economic, and environmental factors that prevent rice farmers in the two regions
from securing sustainable livelihoods. In this study, thirteen attributes aligned with the
physical, economic, social, and environmental factors defined by the United Nations in
2004 were proposed as vulnerability indicators related to flood and drought events, as
illustrated in Table 2 [57]. A simultaneous multiple regression was used to combine these
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variables and estimate which had the most significant impact on the degree of vulnerability
incurred as a result of flood and drought events.

Table 2. Attributes influencing environmental, economic, and social vulnerability factors.

Attrib Flood Drought
ttributes Coefficient p-Value Coefficient p-Value

Environmental factors

Water for daily consumption —0.002 0.962 0.035 0.377

Water for crops 0.048 0.223 —0.172 0.000 ***
Physical factors

Damage to housing 0.158 0.035* 0.041 0.485

Damage to infrastructure 0.145 0.132 0.047 0.535

Damage to property —0.150 0.083 —0.073 0.277
Economic factors

Destuction of crops 0.199 0.000 *** 0.167 0.000 ***

Fish kills 0.077 0.126 —-0.017 0.665

Livestock deaths —0.035 0.511 0.033 0.420

Lost income generation 0.072 0.245 0.087 0.071
Social factors

Disruption ot schooling 0.216 0.000 *** —0.066 0.161

Increased risk of water-borne diseases 0.116 0.093 0.107 0.048 *

Human injury 0.089 0.220 0.039 0.494

Human death 0.006 0.911 0.063 0.103

Note: Flood: R? = 0.373; F(13,524) = 25.588, Drought: R? =0.186; F(13,524) = 10.414; * p < 0.05; *** p = 0.000; significant betas are shown in
bold. All 13 attributes were derived from a total sample size of 536 households.

The multiple regression model indicates that the destruction of crops, damage to
housing, and the interruption of schooling were significant vulnerability factors associated
with flood events over the past 30 years. Seasonal floods have commonly occurred in
Cambodia, causing damage to rice paddies, housing, and other infrastructures adjacent to
the Tonle Sap and Mekong River, particularly when harvests were not possible before the
onset of flood events [Expert-FG].

Floods with an extended duration tended to destroy rice paddies, while the hazard
tended to be reduced if the flood durations were shorter [KI-2]. Flood events resulting from
a combination of localized flash flooding and fluvial floods were described as disastrous
destroying rice paddies, killing livestock, and damaging residences and infrastructure [KI-
1]. However, flash floods were said to be preventable if sufficient irrigation infrastructure
was in place. This infrastructure enables rice farmers to release water when necessary and
retain it again after the flood risk has subsided [KI—4]. Farmers could also reduce flood
risks by growing deep-water or floating rice varieties [KI-1]. Flood events also tended to
distribute fertile mud to rice fields, resulting in good yields in the following season [KI-2].
Farmers in Peam Ro discussed conditions where floodwater regularly completely covered
rice fields in the wet season [FGD-2], causing farmers to opt for irrigated crops in the dry
season [KI-1]. The impact of flood events was said to be dependent on geography, with
damage in the plain regions were higher than in the plateau regions [KI-3].

Flood events associated with heavy rain and windstorms were described as causing
damage to housing, roads, bridges, schools, and other infrastructures. Houses built along
the banks were particularly at risk of damage from storms and rapid fluvial flooding [KI-4].
In 2019, the water level during a flood in some parts of Pursat caused damage to the
ground floor of houses in many villages [FGD-1]. Children were considered to be most
vulnerable to floods as they disrupted from schooling for significant periods resulting in
an increased chance of dropping out permanently [KI-3]. Some children left in the care
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of their grandparents as a result of their parents migrating for work were not well looked
after and were at risk of drowning or not keeping up with their school work [KI-5].

The multiple regression model indicates that water scarcity, the destruction of crops,
and an increased incidence of water-borne diseases were also significant vulnerability
factors associated with drought events over the past 30 years. A more severe drought
was associated with a greater area of damaged crops and the occurrence of waterborne
disease. During drought events led by high temperature, rice farmers tended to refrain from
planting new crops. This was a factor in farmer decisions when increased temperatures
linked to an El Nifio event in 2019 caused water shortages [Expert-FG]. Extended droughts
in Cambodia caused the tributaries of the Tonle Sap and the Mekong River to dry up and
strongly impact rice farmers. Hot weather associated with El Nifio patterns, the late arrival
of the rainy season, and irregular precipitation tend to cause stream levels to subside
[Expert-FG].

Access to water for irrigating rice paddies becomes more challenging during drought
events, directly impacting rice crops and livestock. Some poor households also have limited
access to water for household consumption as they cannot afford to dig ponds or hire
pumps for individual use [KI-5]. Droughts also cause reduced soil moisture retention,
affecting crops. Uncertainty about when rain will arrive causes farmers to use direct
seeding strategies as the only viable option to take advantage of unpredictable rainfall
events, making it more difficult to apply fertilizer economically [KI-1].

Droughts are also associated with a reduction in the quantity and quality of water.
Droughts tend to result in poor sanitation and hygiene practices, increasing the risk of
water-borne diseases such as irritation, diarrhea, fever, food allergies, and high blood
pressure for adults, as a result of limited access to drinking water. Climate hazards
also result in physical health impacts linked to changes in food consumption, as well
as psychological health impacts such as stress and depression as a result of lost income
[Expert-FG]. The consequences of drought also include health problems specific to children
such as malnutrition, which affects the physical development of the brain and immune
system [KI-5].

5. Discussion
5.1. The Cause of Climate Variability and Severity of Flood and Drought

ENSO patterns [1] and human activities [85] have influenced climate variability in
the Tonle Sap and the Mekong River, as well as the hydrology of the entire region. In
Cambodia, climate change has caused more frequent and intense droughts and floods [86].
While there is a public perception that these events are natural and destructive, experts
suggest that climate change is not always harmful to the vegetation, and that the impact of
human activities on agricultural systems should not be ignored. For example, the collapse
of a major dam in Laos in July 2018 resulted in a flash flood, causing the water level of the
Mekong River in Stung Treng to rise to 12 m and the evacuation of thousands of Cambodian
people from the affected areas.

In Cambodia, 80% of rice is cultivated in the wet season in rain-fed lowlands, uplands
(2%), and deep-water (2%), while 16% is planted in irrigated fields in the dry season in
low-lying areas of flooded parts of the Tonle Sap and Mekong River, where irrigation is
available [87]. Rice farmers are still highly dependent on rain-fed rice cultivation in the wet
season. Climate change modeling suggests that Cambodia will experience more frequent and
intense climate hazards such as floods and drought. Rice cultivation will be greatly impacted
due to this increased climate variability. Experts expect that intense flood will be experienced
between late September and early October as rainfall peaks in the country. Droughts are
expected to intensify as rainfall is reduced between late October and early November [1],
leading rice farmers to struggle during harvesting, which is the most critical phase of rice
production. This research finds that drought will have more severe impacts on rice cultivation
than floods, with adaptive measures currently easier to apply to flood events.
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Thus, water scarcity presents as the most significant barrier to rice cultivation in
Cambodia. Local capacity, knowledge, and skills are only effective in managing the
impacts of flash floods as a result of changing crop patterns and seed types. Rice farmers
in flood-prone communities are knowledgeable about when floods come and can change
cultivation cycles in response. For instance, some villagers grow early-maturing or deep-
water rice varieties. Extended droughts make it particularly challenging to access water
for crops, livestock and human uses as water sources dry up. Digging wells and installing
water pumps are options of last resort for many communities, and there is no certainty
that these strategies will be effective. Rice farmers cannot use groundwater directly for rice
paddy production and need to store the water in ponds for one week before release into
the fields. Groundwater resources generally contain limestone, meaning that they should
be limited to use for human consumption rather than agricultural purposes. Thus, during
severe droughts, there are often no suitable water resources for rice cultivation.

5.2. Vulnerability of Flood and Drought and Adaptation Measures Taken by Local Governments

The Cambodian Inter-Censal Agriculture Survey 2019 (CIAS19) indicates that Prey
Veng and Battambang are the first- and second-largest rice-producing provinces in the
country, with Kampong Cham and Pursat ranked 11th and 13th, respectively [88]. Peam Ro
district in Prey Veng province and Sangke district in Battambang province are considered
to be the rice bowl of Cambodia, with farmers maintaining their interest in rice cultivation
to a greater extent than in the other districts. This is driven by access to markets through
unofficial middlemen in Vietnam and Thailand, respectively [FGD-2, FGD-3]. In contrast,
rice-farming families, especially young people, in Kompong Siem and Bakan can access
alternative livelihoods in non-agricultural activities. They are less likely to be able to cope
with the impacts of climate change and shrinking agricultural land ownership. Climate
change has made rice farmers more vulnerable to the impacts of drought and flood events.
This has reduced the significance of the contribution of agriculture to national employment
from 78.1% of the population in 1991 to 34.5% in 2019 [89].

Rice farmers are particularly vulnerable to climate hazards because of significant
rainfall fluctuations from year to year. In Peam Ro, most people remain dependent on rain-
fed rice cultivation with less access to supplementary irrigation from pump machines, and
ponds. For example, in 2018 both drought and flood affected the district in the same year
[KI-8]. In contrast, rice farmers in Sangke can derive additional water for irrigation from
supplementary sources, reducing their vulnerability [FGD-3]. Similarly, well-functioning
supplementary irrigations in Kampong Siem increased water for irrigation during droughts,
and also enabled the mitigation of flood impacts between July and September [FGD—4]. The
majority of rice farmers in Bakan used pumps to adapt to climate impacts, some operating
up to three machines concurrently: one in the main canal, and others located at branches of
the distribution channel to the rice paddies. This contributes significantly to the cost of rice
cultivation. Many farmers complained that this results in marginal benefits or even losses
from production [KI-6].

Field observations in Kompong Siem and Sangke indicate that rice farmers had access
not only to better public infrastructure (roads, schools, hospitals and irrigation) but also
to better private assets such as better housing than in the other districts considered in the
research. Floodplain farmers in Peam Ro had the lowest adaptive capacity as annual floods
had greatly disturbed rice cultivation, affecting the school attendance of their children
education and resulting in a greater incidence of water-borne diseases. Rice farmers in the
other three districts shared a similar adaptive capacity due to superior access to physical
infrastructure. This was indicated by officials from NGO officials as an important factor
in reducing climate vulnerability. Many rice farmers suffer due to poorly functioning
irrigation systems to support adaptive responses to flood and drought events [KI-3, KI-
4, KI-6]. The focus group discussions revealed that district-level authorities in the four
study areas all needed to work with NGOs and the line departments of the MAFF and
Ministry of Environment (MoE) to improve the capacity of rice farmers to adopt adaptation
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measures. Local authorities indicated that they have insufficient resources to respond to
social, economic and physical climate vulnerabilities alone [KI-5].

Improvements to irrigation systems were identified as having the most significant
potential as an adaptation measure for vulnerability reduction. However, the development
of this infrastructure is considered too expensive for central and provincial governments
to provide for year-round access to water [KI-2]. Thus, rice farmers are required to make
private investments in improving access to water resources. This is insufficient for those
who are unable to afford to pay private operators for services such as pond digging and
the use of pumps [KI-6]. Awareness-raising by local authorities and NGOs and learning
from experience has gradually improved the adaptive capacity of rice farmers through
strategies such as changing the timing of crop patterns and using supplementary sources
of water for irrigation, as well as seeking alternative livelihood options. One key finding of
this research is a confirmation that rice farmers in each of the four districts under study
have chosen to invest privately supplementary irrigation infrastructure [FGD-1, FGD-2,
FGD-3, & FGD-4].

5.3. Interaction among Environmental, Economic, and Social Factors to Climate Change

The existing literature identifies four types of vulnerability to climate hazards as
proposed by the United Nations in 2004 [57]. In the two regions under study, flood and
drought are the most significant climate hazards that cause physical, economic, social, and
environmental vulnerabilities for rice farmers.

Other categories that may be used for analysis include natural [63] vs. social vulnera-
bility [64]; vulnerability caused by internal [65] vs. external factors [66]; and/or long-term
vs. short-term vulnerability. These characteristics of vulnerability may be used to consider
alternative institutional arrangements for enhancing the implementation of policies and
planning processes for mitigating the adverse impacts of climate change on rice cultivation.
In general, environmental and social vulnerability factors are long-term considerations,
while physical and economic vulnerability factors tend to be dealt with in the short term.
Flood and drought events cause economic vulnerabilities such as the destruction of crops,
while flood events also cause physical damage to housing. The development of robust local
adaptation strategies such as changing crop patterns, seed types, and the scheduling of
their use; investing in climate-resilient infrastructure has also been used to mitigate these
physical and economic vulnerabilities.

Recovery from environmental and social vulnerabilities is a longer-term process and
requires resilience. High temperatures and rainfall variability are two influential climate
change impacts that cause more frequent and intense flood and drought events. While
drought events lead to environmental water scarcity, both flood and drought events lead
to significant social vulnerabilities. For instance, access to education is impacted by flood
events and water-borne diseases are spread during drought events.

Adaption measures derived from different country contexts may be useful in under-
standing how to reduce environmental and social vulnerabilities linked to climate variabil-
ity in the Tonle Sap and the Mekong River regions. This includes (i) the improvement of
local institutional capacity and financial resources in Nicaragua [90]; (ii) the implementation
of integrated water resources management strategies along with innovative technologies
in Mexico [91]; (iii) disaster risk reduction and preparedness and improved water gov-
ernance in the Global South [92]; and (iv) participatory water allocation mechanisms to
manage water conflicts, balance development priorities, and conserve basin ecosystems in
China [93]. Reflecting on these experiences may be useful for informing adaption measures
to reduce vulnerabilities to climatic variability in the Tonle Sap and the Mekong River
regions. The role of commune and district authorities should be strengthened through
the implementation of integrated water resource management approaches to distribut-
ing water resources equitably to all rice farmers. Integrated water resource management
should be made through joint investments among local government, private sector, and
communities on supplementary irrigations for a short-term plan and large-scale irrigations
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for a long-term plan. Increased large-scale and supplementary irrigation systems will help
reduce conflicts among rice farmers over the access to water for cultivation. Moreover,
decisions should be decentralized to these local institutions by distributing appropriate
human and financial resources to enable the collective self-management of adaptation
measures. This includes the implementation of disaster preparedness activities to inform a
timely and effective response to flood and drought events. Emergency preparedness and
response are helpful to build capacity for conducting risk assessments and put them into
action for disaster mitigation in their communities. Moreover, an early warning system
should be established to timely inform and respond to floods and drought.

6. Conclusions

Based on our findings in the four districts studied in the Tonle Sap and the Mekong
River regions, along with some additional insights about negative impacts of climate
change on rice cultivation in Cambodia overall, we conclude the following: (i) Rainfall
variability and highly significant changes to a range of climate attributes between 1994 and
2018 have led to an increase in the frequency and intensity of flood and drought events
across and within each region and province. A survey found that local perceptions of
climate change indicate increasing temperatures, greater water scarcity, and reduced soil
moisture over this period. (ii) Over the past 30 years, drought has caused more severe
climate vulnerabilities to rice paddy cultivation, with the Tonle Sap region tending to
experience a higher degree of vulnerability to both types of climate hazard. (iii) Flood
and drought events caused social and economic vulnerabilities, while flood events caused
physical damages, drought caused environmental vulnerabilities. Physical and economic
factors are considered short-term impacts. However, recovery from environmental and
social vulnerabilities is a longer-term implication and requires adaption and resilience.

This paper adopted the UN risk assessment framework “interaction of vulnerability
factors” [57]. This framework has helped assess the vulnerability of rice farmers in the
Tonle Sap and the Mekong River to climatic hazards in Cambodia as they tend to be
aligned with disaster risks. The findings of this research provide insights into the negative
impacts of climate variability on riverine communities that are reliant on rain-fed rice
cultivation. This study addresses a gap in the literature by contributing a comparative
empirical study on the vulnerabilities of rice farmers in the Tonle Sap and the Mekong
River to climate variability and the adaptation and resilience strategies applied in response.
An identification of attributes for the four types of vulnerability requires a high level
of participatory approach involving all the key stakeholders. This framework is also
applicable for other riverine communities of Mekong countries such as Lao PDR, Vietnam,
and Thailand because their climatic hazards are associated with disaster risks. Adaptation
measures by local authorities at commune and district levels require long-term integrated
water resources management approaches to collectively mitigate these negative impacts.
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Appendix A

Table A1. List of interviewees, focus-group discussions, and expert meeting.

Code Participant(s) Date
An official from the General Directorate of Agriculture,
K- Ministry of Agriculture, Forestry, and Fisheries September 2020
An official from the Provincial Department of
Ki2 Agriculture Forestry & Fisheries in Tboung Khmum September 2020
KI-3 An official from Action Against Hunger-Cambodia September 2020
KI-4 An official from Live & Learn Cambodia November 2020
KI-5 An official from the Child Rights Foundation November 2020
An official from the Forest and Livelihood
K1-6 Organization (FLO) November 2020
K17 Commune C.ouncﬂ Committee in Bakan district of January 2020
Pursat Province
KI-8 Commune Coupcﬂ Committee in Peam Ro District of February 2020
Prey Veng Province
Commune Council Committee in Kompong Siem
KI-9 District of Kompong Cham Province February 2020
KI-10 Commune Counclﬂ Committee in Sangke District of February 2020
Battambang Province
FGD-1 G.rou.p discussion among commune heads in Bakan January 2020
district of Pursat province
FGD-2 G.rou'p discussion among commune heads in Peam Ro February 2020
district of Prey Veng province
Group discussion among commune head in Sangke
FGD-3 District of Battambang Province February 2020
FGD-4 Group discussion among Kompong Siem District of February 2020
Kompong Cham Province
Expert-FG An expert meeting to validate the findings and to March 2020
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