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Abstract  

The temporal aspects of environmental change are becoming increasingly more noticeable 

in the Lower Mekong Basin, which is applying pressure on the agriculture-based livelihoods 

of communities living along the Mekong River mainstream. This investigation assessed the 

historic temporal seasonal variability in Kratie Province, Cambodia, and identified strategies 

subsequently developed by local communities to adapt to temporal changes in weather patterns. 

A mixed method approach was adopted, combining historical hydrometeorological data with 

participatory seasonal calendars and daily routine diaries. Hydrometeorological data were 

analysed with respect to changes in average interannual and annual rainfall and the onset and 

cessation of the monsoon. Seasonal calendars were compiled from nine workshops across four 

villages in the Kratie Province, and daily diaries were collected from seven individuals across 

three villages. The results showed that patterns in rainfall, flooding, and drought have become 

more variable due to the impacts of environmental change; a phenomenon that will likely 

continue into the future. Without effective adaptation, changing weather patterns will continue 

to adversely impact the communities in the region due to their reliance on predictable 

seasonality for crop cultivation (primarily rice and maize). Women were among the most 

negatively impacted due to the types of activities undertaken throughout the year. Individuals 

and communities in the study region have already developed a number of approaches to 

mitigate these impacts. This research also reiterated the importance of incorporating both local 

knowledge and scientific data to gain the most accurate understanding of the impacts of 

environmental change in a given region. 

1.0 Introduction  

Over the last decade, the impacts of environmental change (the combined effects of 

anthropogenic factors and climate change) on livelihoods in developing countries have become 

more pronounced (Piya et al., 2019). A number of studies have been undertaken with the aim 

of predicting the temporal impacts that environmental change poses globally. In particular, the 

Lower Mekong Basin (LBM) region is expected to be significantly impacted by environmental 

change, with majority of climate change modelling projecting increases in seasonality and 

severe flooding and drought events (Kingston et al., 2011; Doch et al., 2015; Hoang et al., 

2015). These temporal elements of environmental change are an important aspect of 

environmental change, particularly in communities that have close relationships between 

seasonal patterns and livelihoods (Mainuddin et al., 2013; Poulton et al., 2016). The ways in 

which communities historically and continue to adapt to environmental change is of significant 

importance to current research (Mainuddin et al., 2013). In recent years, mixed method 
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approaches have been employed to aid in understanding the dimensions of environmental 

change in areas that may be ‘data-poor’ but are also ‘knowledge-rich’, using a combination of 

scientific data and local knowledge (Bernard, 2017). These methods often incorporate a 

gendered aspect to ensure that the data is representative of a wide range of experiences (Carr 

and Thompson, 2014). This investigation aims to explore the temporal variability in weather-

related natural hazards and the subsequent adaptation strategies pursued by local communities 

in the LMB. 

 

1.1 Environmental change and temporal variation 

Variations in the weather resulting from the environmental change have become an 

increasingly important focal point globally. This variability can be divided into two main 

groups, temporal and special. Temporal variation can further be divided into two groups short 

and long-term variation or in other terms seasonal and interannual variation (Chen et al., 2005). 

Research has concluded that the temporal aspect of environmental change will likely be just as 

important as the overall magnitude of change (Sowjanya et al., 2018). Particularly in 

developing countries which have a close relationship between seasonal patterns and livelihoods 

(Räsänen et al., 2016). Understanding both the seasonal and interannual variation resulting 

from environmental change is a crucial aspect in quantifying the current and future impacts of 

change and planning for its management (Nam et al., 2015). In turn, effective planning and 

management will likely result in the develop adaptation strategies, thus limiting the impacts 

felt by communities around the world (Holzkämper et al., 2011). 

 

1.2 Adaptation and environmental change  

Adaptation is defined as the adjustment of natural or human systems to a new or 

changing environment and has come to the forefront of discussions surrounding environmental 

change in recent years (Evers and Pathirana, 2018). Human adaptation to climate change 

encompasses one’s ability to change and adapt their behaviours to meet current changes, while 

simultaneously developing strategies to mitigate the impacts of expected environmental change 

in the foreseeable future (Evers and Pathirana, 2018). The concept of adaptation has become a 

focal point in global conversations, particularly with respect to the predicted impacts of 

environmental change in developing countries, and more specifically, on their highly relied 

upon agricultural systems (Sovacool et al., 2012).  

The process of adaptation to environmental change can occur on different scales 

ranging from individual, regional, sectoral, national, and global settings (Bryan et al., 2009). 
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Adaptive responses are also said to include autonomous responses and conscious adaptation 

(Dang et al., 2014). More specifically, autonomous responses can include irrigation, crop 

diversification or the changing of one’s agricultural calendar, while conscious adaptations are 

generally understood as government intervention strategies and public policies (Dang et al., 

2014). Adaptive responses can also be categorised into short-term and long-term responses and 

have been shown to be impacted by socio-economic factors and resource availability (Below 

et al., 2012). 

To understand and record the impacts of environmental change and subsequent 

adaptation strategies developed by individuals and communities, it has become increasingly 

important to include components of both scientific and local knowledge (Mercer, 2010). 

Research has indicated that when local communities are actively involved in research the 

information gathered leads to a deeper understanding of the situation, particularly with respect 

to community adaptation (Fazey et al., 2010). Community involvement also has the potential 

to be beneficial in terms of future management, as the two-way relationships built during the 

process pave the way for future endeavours, particularly in developing countries that are known 

to be ‘data-poor’ but ‘knowledge-rich’ (Raymond et al., 2010). 

 

1.3 The Mekong and Cambodia 

The Mekong is the largest river basin in Southeast Asia and spans across six countries 

in Indo-China (Lauri et al., 2012). The resources provided by the Mekong are less understood 

and developed in comparison to other large river basins around the world (Evers and Pathirana, 

2018). The LMB incorporates parts of Laos, Thailand, Cambodia, and Vietnam and is said to 

be the most productive and ecologically diverse river basin in the world; supporting an 

estimated 60 million people (Mainuddin et al., 2013). By 2060, the total population in the LMB 

is predicted to reach 83 million (Evers and Pathirana, 2018).  

Majority of the residents of the LMB are strongly dependent on the resources provided 

by the Mekong to sustain their livelihoods, as food security is closely tied to the river through 

agriculture, fisheries, and hydropower (Sok and Yu, 2015). Over time, residents have adapted 

their livelihoods, particularly their agricultural systems, to the ebb and flow of a seasonal flood 

regime (Sok and Yu, 2015). The health of the LMB is under threat due to significant flow 

regime changes resulting from the combination of anthropogenic stressors and climate change 

(Dugan et al., 2010). These anthropogenic factors include but are not limited to the 

development of hydropower stations, deforestation, unsustainable fishing practices, and large-

scale irrigation schemes (Eastham et al., 2008; Grumbine and Xu, 2011). These stressors have 

been predicted to become more significant and result in more visible impacts on the Mekong 
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over time and in turn the communities it supports. The Mekong Basin is also predicted to be 

adversely impacted by climate change (Ziv et al., 2012). Modelling undertaken by Kingston et 

al. (2011) and Västilä et al. (2010) both project that the discharge of the Mekong will decrease 

between 5.4 and 4.5 percent annually. An increase of 1°C in night temperatures could reduce 

rice grain yield by 10%, having a negative impact on the Mekong’s residents that rely on rice-

based agriculture (NCCC, 2013). The impacts of environmental change are influencing the 

LMB’s weather and have resulted in significant flood regime shifts that are projected to 

continue into the future (Junk, 2006; Keskinen et al., 2010). Changes to the Mekong’s flow 

regime are expected to have significant repercussions for the basins major functions which 

include; reductions in aquatic productivity, inhibition of riverine transport, availability of 

freshwater, and agricultural productivity (Eastham et al., 2008; MRC, 2010; Lauri et al., 2012). 

Current projections for future environmental change highlight the vulnerability of rain-fed rice 

agriculture in the LMB, with increased seasonal variability set to continue (Jiang et al., 2018).  

Cambodia is predicted to be particularly adversely impacted by environmental changes 

due to low levels of resilience and adaptive capacity resulting from high levels of poverty 

(Doch et al., 2015). Cambodia’s vulnerability to environmental change is predominantly driven 

by the combination of environmental and socioeconomic factors. Exposure to natural hazards 

alongside poverty, inequality, and a high dependence on natural resources aggravate the 

impacts of climate change on Cambodian households (Arias et al., 2019). In recent years, 

attaining food security has become challenging in many rural communities due to an increase 

in seasonal variability in combination with an increase in severe floods and droughts (Arias et 

al., 2019). In response to these predicted threats, the Cambodian Government has developed a 

Climate Change Strategy Plan for 2014-2023, the aim of which is to: “…Create a national 

framework for engaging the public and private sector, civil society organizations and 

development partners in a participatory process for responding to climate change to support 

sustainable development” (NCCC, 2013). This plan also emphasises the importance of 

mainstreaming gender with respect to climate change planning, as rural women are a 

demographic likely to be most affected by environmental change. 

 

1.4 Gender Roles and Cambodia 

Over the last two decades, the importance of gender equity has gained momentum 

worldwide, particularly in the agricultural sector in developing countries where women 

comprise half, or more than half, of the workforce (Ogawa, 2004). Women comprise 51.8% of 

the 13.8 million residents in Cambodia, representing 51.6% of the economically 

active residents, and heading 25.7% of households (NIS, 2013). Moreover, Bernadette and 
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Boyland (2017) found that Cambodian women own approximately 65% of all registered 

businesses in the country.  

Within rural Cambodia, women farmers comprise 55% of the farming population and 

their importance in rural development has long been emphasised by the Government and 

academic circles (Ogawa, 2004). The Cambodian Climate Change Strategic Plan (NCCC, 

2013) denotes that the rural poor of Cambodia, the majority of whom are women, are most 

vulnerable to the impacts of environmental change due to their significant reliance on 

agriculture and natural resources. As women comprise ~50% of the population and are 

disproportionally at risk to the impacts of environmental change, it is important to actively seek 

out and include women’s experiences to inform future policies and plans to facilitate adaptation 

and gender mainstreaming. 

 

1.5 Research Aim and Objectives 

A number studies have been undertaken in Cambodia, investigating the changes in the 

frequency and intensity of extreme climate events associated with environmental change 

(Kingston et al., 2011; Lauri et al., 2012; Jiang et al., 2018). However, the documentation and 

understanding of adaptation is still notably limited particularly on relatively small scales (Evers 

and Pathirana, 2018). It is for this reason that there is a need for research integrating both the 

scientific and local knowledge surrounding the adaptation strategies developed in response to 

continued environmental change in Cambodia. This research incorporates three main 

objectives; first, to assess historical temporal variability in rainfall and weather-related natural 

hazards for the region, second, to characterise seasonal and interannual variability in livelihood 

strategies and identify critical periods for decision and finally, to highlight strategies employed 

by community members and individuals to adapt to predicted changing environmental 

conditions. The overarching aim of this research is to investigate the impacts of temporal 

variation resulting from environmental change using the four villages in Kratie, Cambodia as 

a case study. 
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2.0 Methodology  

2.1 Study Site and Approach  

This project focused on four villages to the south of the city of Kratie in the province 

of Kratie, which is located approximately 300km north-east of the capital Phnom Penh. The 

villages included in the study were Thma Reab, Ou Lung, Dei Doh Kraom and Kbal Kaoh 

(Figure 1). These villages were selected to represent flood-affected communities residing along 

the banks of the Mekong in the LMB. All were located in close proximity to the Mekong, with 

Kbal Kaoh being situated on an island in the middle of the river. In the most recent census, the 

population of the province was 344,195 residence, with just over 70% living along the Mekong 

(NIS, 2013). Majority of residents obtain their livelihood from subsistence agriculture based 

predominantly on the cultivation of rice and corn, alongside raising livestock and fishing; all 

of which are highly impacted by changes in the flood regime (MRC, 2010). The communities 

in this region have adapted not only their agricultural practices but moreover, their entire 

livelihoods around the seasonal monsoon. Figure 2 shows a traditional homestead for the region 

built on stilts to cope with the anticipated seasonal flooding. Historically, the first rice crop of 

the year is rainfed and grown at higher elevations to avoid damage from floods, and the second 

crop is grown after the floodwaters recede, relying predominantly on stored soil moisture and 

irrigation or pumping. 

Figure 1: Depiction of study sites visited in 2019 fieldwork. Green represents elevated 
land, beige low land (Williams, 2016). 
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While these villages are all within ~20km of one another, they differed in socio-

economic and physiographic terms. With regard to infrastructure, including electricity, access 

to clean water, and road access, Kbal Kaoh had the most developed infrastructure, and Ou Lung 

had the least developed, with the other two villages sitting centrally. In Kbal Kaoh all residents 

had functioning solar panels and access to clean fresh water supplied by a water treatment plant 

developed by the NGO Lien AID (Ye, 2017). Moreover, Kbal Kaoh had a relatively well-

maintained main road and access to a ferry port on both the eastern and western sides of the 

island. Thma Reab and Dei Doh Kraom demonstrated similar levels of infrastructure with some 

members of the community having access to power, water and the main road (which was 

reasonably well maintained). Finally, Ou Lung was observed as the least developed in terms 

of infrastructure, with almost no residents having access to electricity and only relatively 

wealthy residents having access to well water. Furthermore, Ou Lung was also located a 

significant distance off the main road, which runs south along the Mekong between Thma Reab 

and Dei Doh Kraom, thus making it less accessible.  

These four villages are also notably variable with respect to topography, with Thma 

Reab and Dei Doh Kraom, which are situated at comparatively high elevation for the region, 

on the natural levee of the Mekong. While Ou Long was closer to the backswamp and at a 

lower elevation. Historically, Thma Reab and Dei Doh Kraom have not experienced flood 

inundation on an annual basis, however, Ou Lung floods almost every year. Finally, the village 

of Kbal Kaoh is also located on reasonably low-lying land on an island in the middle of the 

Figure 2: Traditional style homestead in Thma Reab, image taken by Natasha Pauli in November 2018. 
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Mekong; the majority of this island being submerged by floodwaters annually. These villages 

consisted of approximately 100-200 households, with around 3-4 people per household, with 

the exception of Dei Doh Kraom which had around 350 households and an estimated 1000 

residents. 

The methodology developed for this investigation aims to combine local and scientific 

knowledge in the context of understanding the temporal variability in weather-related natural 

hazards and adaptation strategies pursued by local communities in four villages near the banks 

of the Mekong River, Kratie Province, Cambodia (Figure 3). The data required for this 

investigation was obtained using a mixed method approach (Creswell and Clark, 2017). This 

included a desktop analysis of relevant quantitative secondary biophysical data and a fieldwork 

component comprising of qualitative seasonal calendar workshops and individual daily diaries. 

 

 

 

Figure 3: An overview of the methodology adopted in this study and the interconnection between sections in 
this paper. 
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2.2 Quantitative Biophysical Data 

All hydrometeorological data analysed in this report were drawn from the PERSIANN-

CDR; a global gridded dataset of weather observations developed by NOAA (Soroosh 

Sorooshian et al., 2014). This data set provides daily, of 0.25° x 0.25°, weather observations 

for the latitude band 60°S–60°N and was analysed with respect to the village of Dei Doh 

Kraom, Cambodia. Prior to analysis, all data was cleaned, and all subsequent analysis and 

graphics were created using RStudio (RStudio Team, 2015). The calculation used to determine 

the onset, cessation, and duration of the rainy season followed that of Marengo et al. (2001) 

and used the formula: 

𝐴(𝑑𝑎𝑦) = ∑ [𝑅(𝑛) − 𝑅]
./0
123     (1) 

Where R(n) is the daily precipitation, R is the average annual daily rainfall and A is the 

anomalous accumulation. Using this formula, the onset of the rainy season is defined as the 

day after the start of the longest period for which the anomalous accumulation remains positive. 

Therefore, the end of the rainy season is the day that the anomalous accumulation reaches a 

maximum (Marengo et al., 2001). 

 

2.3 Qualitative Participatory Data 

2.3.1 Seasonal Calendar Workshops  

Workshops around the timing of key livelihood activities and hydrometeorological 

events were conducted in each of the four communities. Two workshops were conducted in 

Thma Reab, Ou Lung and Kbal Kaoh and three workshops were conducted in Dei Doh Kraom. 

All workshops were conducted in Khmer, facilitated by Cambodian research assistants under 

the guidance of the student researcher. The workshops were run as semi-structured focus 

groups fostered around an A0 size seasonal calendar, as illustrated in Figure 4 and Appendix 

A (Bernard, 2017). To assist in the translation and accuracy of the information gathered, small 

visual cards were used with an illustration of a particular crop, as well as both the English and 

Khmer words, as seen in Figure 5 and Appendix B.  
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 Figure 4: Example of a seasonal calendar developed for Dei Dos Kraom in 2019 on an A0 template. 
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Each workshop had between eight 

and twenty participants and was usually 

conducted in or around the village leader 

or deputy leader’s house. Majority of the 

workshops were held outside, either below 

the house, or in an open area, and were 

therefore accessible to anyone passing by. 

A small number of workshops were held 

inside households and typically had fewer 

attendees. The workshops ran for 

approximately 60 to 90 minutes, and 

participants were invited to attend by the 

respective village leader. At each 

workshop there was a minimum of one UWA researcher (myself or Natasha Pauli), and one 

Khmer-speaking research assistant. The researcher acted as a note taker and session facilitator, 

posing guiding questions to keep the group on task (Figure 6). The research assistant/s acted 

as translators and filled in the seasonal calendars in Khmer based on instructions from the 

members of the focus group. Originally, the workshops were intended to be split along gender 

lines, with at least one workshop per village focusing on men, and one on women. However, 

upon arriving in the villages there was a clear sense from participants that women and men 

worked together and this research did not intend to exclude community members that 

gravitated towards the workshops. 

  

Figure 6: Seasonal calendar workshops conducted in A) Dei Doh Kraom and B) Kbal Kaoh in in the 
providence of Kratie, Cambodia in November 2018.  

A) B) 

Figure 5: Example of illustrations used promote 
discussion accuracy and direction. 
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The semi-structured focus group technique was implemented with the aim of allowing 

the participants to steer the conversation in the direction they felt was most important for their 

own livelihood, while still allowing the researchers to redirect the group when necessary (Gero 

et al., 2011). Each workshop commenced with a discussion surrounding the general rainfall 

and flood regime that participants expected and whether 2018 was notably different. The 

discussion was then focused on important livelihood activities particularly with respect to 

agriculture, and when these activities were undertaken. Appendix C illustrates the question 

guide used to assist in discussion direction. The responses from these focus group were then 

reviewed for recurrent patterns and themes.  

 

2.3.2 Daily Routine Diaries  

The fieldwork component of this research also included the creation of opportunistic 

daily diaries with women in three villages. This method was pursued as a means of gathering 

more detailed livelihood data as the calendar sessions were not capturing as much gender-

specific information as anticipated. Williams (2016) found that women in this region generally 

spoke more often about adaptation activities than men, thus making them a suitable group on 

which to assess adaptability with respect to environmental change. Moreover, these diaries 

were conducted with women due to the fact that most previous research in this area engaged in 

one-on-one conversations primarily with the village leaders and deputy leaders, of whom most, 

but not all, were men. The daily diaries were often undertaken directly after a seasonal calendar 

workshop provided that any participant was willing to stay behind for a further discussion. 

These were typically conducted on an individual basis and lasted under 30 minutes. In total, 

seven daily routine diaries were collected, two in Ou Lung, and three in Dei Doh Kraom and 

Kbal Kaoh respectively. The participants ranged from 28 to 60 years old, all having at least 

one child and having been married. The aim of this methodology was to gain a deeper 

understanding of the types of activities the residents participated in and how they were 

impacted by seasonal flooding and drought. 
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3.0 Results and Discussion 

3.1 Temporal analysis of rainfall patterns, and duration of flood and drought like  

3.1.1 Temporal analysis of average interannual rainfall  

Over the last 34 years, the average annual rainfall (2167 mm) in Dei Doh Kraom, 

Cambodia has been seen to consistently fluctuate, as expected for this region. Over time, the 

residents have moulded their livelihoods, particularly their agricultural systems, to take into 

account fluctuations in rainfall volume, developing various methods to aid in decision making 

based on that year’s conditions (Sok and Yu, 2015). However, from 2012 onwards, these 

fluctuations have become more prominent and have been seen to exceed a distance of one 

standard deviation (380mm) from the mean (Figure 7). This is a notable amount of variation, 

particularly if one takes into account the relative frequency in which the average rainfall has 

exceeded one standard deviation in recent years. In particular, 2017 showed a notable reduction 

in rainfall almost two and a half standard deviations from the mean, equating to a loss of over 

40 percent of the regions annual rainfall (Figure 7).  

 

 

Figure 7: Annual average rainfall deviation from the mean (2167 mm) in Dei Doh Kraom, Cambodia from 
1983 to 2017, grey lines depict one standard deviation from the mean. Data for 1989-1992 were excluded 
due to discrepancies in the data. 

 

 

Year 
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3.1.2 Temporal analysis of rainy season patterns 

The duration of the monsoonal rainy period in Dei Doh Kraom, Cambodia, has 

fluctuated over the last three and a half decades. Historically, the monsoon has started on 

approximately the 4th of June and has lasted around 112 days (until the 24th of October). As 

illustrated in Figure 8, there has previously been considerable variability in the start, duration, 

and end of the rainy season. However, between 2011 to 2016, there appears to be a small but 

consistent shift in the onset of the monsoonal season, with this season commencing earlier than 

expected (Figure 8). In respect to the monsoonal season, 2017 is also noteworthy as this year 

resulted in the most severe drought faced by the region in the last 34 years. 

 

 

Figure 8: Illustration of recent variability in the onset, cessation duration of the rainy season in Dei Doh 
Kraom, Cambodia between 1983 and 2017. Dashed line illustrates the average onset (June 4th) and end 
(October 24th) of the rainy season. This graph does not depict differences in the volume of rainfall between 
years, nor the availability of water. 

 

3.1.3 Analysis of temporal monthly rainfall variation 

Whilst the main monsoonal season has been seen to fall between the beginning of June 

and late October it is also important to note that this region experiences rainfall for most of the 

year, this is highly variable within each year, as well as, from year to year. Figure 9 illustrates 

a significant, Levene's Test for Homogeneity of Variance resulted in a P-Value of 2.2´10-16, 

     Jan       Feb       Mar       Apr       May       Jun       Jul       Aug       Sep       Oct       Nov       Dec  
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amount of variation in average monthly precipitation between months in Dei Doh Kraom. The 

largest amount of variation is seen between the months of May and November, incorporating 

the regional monsoonal period (Figure 9). 

 

 

Figure 9: Representation of average monthly rainfall variability in in Dei Doh Kraom, Cambodia between 
1983 and 2017. 

 

Taking a closer look, the average rainfall patterns for Dei Doh Kraom are seen to follow 

a roughly unimodal distribution peaking in August and September. Figure 10 clearly illustrates 

that in one of the driest years recorded (2017) there were still high levels of rainfall in May, 

August, and September. However, there was a clear lack of rain in June and July contrary to 

the expected rainfall pattern for the region, change the distribution to a bimodal one. The 

rainfall pattern for 2017 was highly variable and inconsistent with the expected rainfall flow 

for the region. Paradoxically, in the wettest year (2012) recorded between 1983 and 2017, there 

was a notable increase in rainfall in January and February due to a prolonged rainy season in 

2011, Figure 10. There is also considerably larger amounts of rain recorded for August and 

October in comparison to that of an average.  
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Figure 10: Average (1983-2017) monthly rainfall, measured in mm, in comparison to significantly wet 
(2012) and dry (2017) years in Dei Doh Kraom, Cambodia.  

 

3.1.4 Significance and interpretation 

The quantitative data outlined above supports the predictions of environmental changes 

for the region, in that rainfall, flooding, and drought-like conditions have increased in 

variability and are likely to increase in variability and intensity in the future (Eastham et al., 

2008; Dugan et al., 2010; Dang et al., 2014; Evers and Pathirana, 2018). This increased 

variability in rainfall, timing of monsoonal onset, and reduction of rains outside this period 

were also noted by members in all four of the communities during the fieldwork. Many of the 

residents noted that changes in seasonal variability of the floods have already begun to impact 

their livelihoods. In 2018 the floods commenced early (mid-June) and rose rapidly in under 

two weeks due to a dam upstream in Laos bursting its banks. Subsequently, members of the 

community in Ou Lung, Dei Doh Kraom and Kbal Kaoh stated that they had lost large 

proportions of their wet season crops, leading to a significant and detrimental loss of income 

on both an individual and community scale. During the workshops in all four villages, residents 
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also highlighted that the flood waters receded faster than expected and indicated that they were 

currently (November 2018) experiencing the impacts of drought-like conditions, predicting 

that their dry season crop would also show a decrease in yield. Previous research has also 

shown that continued changes in the seasonality of major hydrometeorological events in the 

region will likely negatively impact the number and variety of crops that can be cultivated in 

the region (Chung et al., 2019). Overall, this desktop analysis alongside supporting scholarly 

literature and first-hand community knowledge demonstrates that the long-standing flood 

patterns which residents of this region rely on, have increased in variability both on a seasonal 

and interannual scale, and will continue to do so into the future due to the impacts of 

environmental change. 

 

3.2 Decision making, and seasonal and interannual variability in livelihood strategies 

3.2.1 Agricultural Seasonality  

3.2.1.1 Thma Reab 

The major hydrometeorological events depicted by the residents of Thma Reab closely 

follow the average rainfall patterns discussed above in 3.1 (Table 1). The seasonal calendar 

illustrates the timing of various agricultural activities undertaken by the residents with respect 

to the long-standing flood patterns they have become accustomed to. It can be surmised from 

the discussions with residents in Thma Reab that their livelihoods are built predominantly 

around the cultivation of rice, corn, and cassava. Two notable decision-making periods are 

demonstrated in Table 1, with these being May-June and October-November. These points in 

the year are instrumental in residents agricultural practices on account of a perception that 

anticipated hydrometeorological events will aid in their viability. Table 1 also illustrates the 

residents use of repeat cropping with respect to key crops, one in the wet season and one in the 

dry season. The residents of Thma Reab have also recently begun to incorporate perennial 

crops such as cashew and mango trees. The “special” mango is important to residents, as it 

fruits in the common mangos offseason, making it procure a higher price at market. 
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Table 1: Seasonal calendar for the village of Thma Reab, Cambodia, collated from two workshops conducted 
in November 2018, highlighting the typical timing of important meteorological events and key livelihood 
activities. Not illustrated are crops grown only for household consumption. 

Thma Reab January February March April May June July August September October November December 

Major Hydrometeorological Events  

Rains  Little Rains  Heavy Rain  

Floods  Flood  

Drought Drought  Drought 

Important Livelihood Activities and Variabilities 

Dry Rice Caring Harvest Drying  Preparation  

Dry Maize  Caring Harvest  Preparation 

Dry Corn Caring Harvest  Preparation 

Wet Rice  Preparation Caring Harvest Drying  

Wet Corn  Preparation Harvest  

Cassava Drying  Preparation Caring Harvest 

Soy Caring Harvest  Preparation 

Cashew  Fruit  

Mango  Fruit  Flowering  

Special Mango  Flowering  Fruit 

Banana  Destroyed by Floods  

Pig  Vulnerable to illness  

Buffalo/Cattle  Sold  

Bamboo Shoots Harvest Best Harvest 

Fish Regular Fishing Best Fishing  

 

3.2.1.2 Ou Lung 

The major hydrometeorological events depicted by the residents of Ou Lung closely 

follow those found in Thma Reab, in addition to the quantitative data in section 3.1 (Table 2). 

The livelihoods of the residents of Ou Lung village rely mostly on the cultivation of rice and 

sesame. Generally, rice is cultivated twice a year, similar to Thma Reab, while sesame is only 

cultivated once annually. Table 2 also illustrates two decision-making periods; May-June and 

September-October; however, they are far less discrete in comparison to Thma Reab. It was 

also noted that the residents of Ou Lung have begun to incorporate perennial cashew and mango 

tree, particularly the “special” mango, into their livelihoods when possible. Moreover, during 

the fieldwork, it was observed that the majority of fields were cultivated in Ou Lung, in contrast 

to Thma Raeb where many were empty. Finally, the village of Ou Lung showed the least 

agricultural diversity of all four villages visited, with only three crops cultivated each year. 
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Table 2: Seasonal calendar for the village of Ou Lung, Cambodia, collated from two workshops conducted 
in November 2018, highlighting the typical timing of important meteorological events and key livelihood 
activities. Not illustrated are crops grown only for household consumption. 

Ou Lung January February March April May June July August September October November December 

Major Hydrometeorological Events 

Rains  Little Rains  Heavy Rain  

Floods  Flood  

Drought  Drought 

Important Livelihood Activities and Variabilities 

Wet Rice  Preparation Caring Harvest 

Dry Rice Harvest  Preparation Caring 

Sesame 
Harvest 

Preparation Caring Harvest 

Bamboo Shoots 
Harvest 

Best Harvest 

Lotus Harvest Flowering Harvest 

Cashew  Fruit  Flowering  

Mango  Fruit  Flowering  

Special Mango  Flowering   Fruit 

Fishing Regular Fishing Best Fishing  

 

3.2.1.3 Dei Doh Kraom 

The major hydrometeorological events depicted by the residents of Dei Doh Kraom 

follow the trend found in the two villages previously discussed, as depicted in Table 3. The 

residents of Dei Doh Kraom rely heavily on rice, corn, cassava, and sesame plantations, 

however, showed the largest agricultural diversity of all four villages visited, with 17 crops 

being cultivated yearly. The seasonal calendar for the village of Dei Doh Kraom showed 

similar prominent decision-making periods to that of the previously mentioned villages; May-

June and September-October (Table 3). However, these were seen to be slightly more variable, 

likely due to the increase in the number of crops cultivated. Members of this community also 

started diversifying their agricultural practices away from labour intensive annual agriculture, 

with some residents investing in rubber and fruit tree plantations; primarily mango and cashew 

plantations (Table 3). 
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Table 3:Seasonal calendar for the village of Dei Doh Kraom, Cambodia, collated from workshops conducted 
in November 2018, highlighting the typical timing of important meteorological events and key livelihood 
activities. Not illustrated are crops grown only for household consumption. 

Dei Doh Kraom January February March April May June July August September October November December 

Major Hydrometeorological Events 

Rains  Little Rains  Heavy Rain  

Floods  Flood  

Drought  Drought  

Important Livelihood Activities and Variabilities 

Wet Rice  Preparation Caring Harvest   

Dry Rice  Preparation Harvest  

Corn Harvest  Preparation Caring 

Cassava Caring Harvest  Preparation Caring 

Sesame  Preparation Caring Harvest  

Sweet Potato  Preparation Caring Harvest  

Cucumber  Preparation Caring Harvest  

Pumpkin  Preparation Caring Harvest  

Green Bean  Preparation Harvest  

Tomato Harvest  Preparation Caring 

Cabbage Harvest  Preparation Caring 

Eggplant Caring Preparation  Harvest Caring 

Sugar Cane Caring Preparation Harvest Caring 

Watermelon  Preparation Harvest  Preparation Harvest 

Peanut  Preparation Caring Harvest 

Long Bean  Preparation Harvest  

Gourds  Harvest  Preparation Caring 

Morning Glory Harvest Best Harvest 

Bamboo Shoot Harvest Best Harvest 

Ginger Best Harvest 

Sugar Palm Harvest Best Harvest 

Rubber Harvest 

Mango  Fruit  Flowering  

Special Mango  Flowering  Fruit 

Grape Fruit  Flowering  Fruit 

Jack Fruit  Fruit  Flowering  

Sapodilla Fruit  Flowering  

Custard Apple  Flowering  Fruit  

Guava  Flowering Fruit 

Longan  Flowering Fruit  

Tamarind  Fruit  Flowering 

Fishing Regular Fishing Breeding  Best Fishing Regular Fishing 

 

3.2.1.4 Kbal Kaoh 

The major hydrometeorological events outlined by the residents of Kbal Kaoh reiterate 

similar patterns for rainfall and flooding outlined by the previous three villages and reflect the 

quantitative data analysis summarised above. From workshops with residents in Kbal Kaoh, it 

was found that their livelihoods are built predominantly around the cultivation of tobacco and 

corn, contrasting the norms of the villages on the mainland, which were predominately rice 
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based. Regardless of this difference, the same two prominent decision-making periods were 

illustrated, May-June and October-November, however, it should be mentioned that the month 

of April was also significant (Table 4). The residents have also started diversifying their crops 

into fruit plantations, mainly cashew, with some residents stating that they have and will 

continue to invest in elevated land on the mainland with the goal of planting more mango and 

cashew plantations. 

 

Table 4:Seasonal calendar for the village of Kbal Kaoh, Cambodia, collated from two workshops conducted 
in November 2018, highlighting the typical timing of important meteorological events and key livelihood 
activities. Not illustrated are crops grown only for household consumption. 

Kbal Kaoh January February March April May June July August September October November December 

Major Hydrometeorological Events 

Rains  Little Rains  Heavy Rain  

Floods  Flood  
 

Drought  Drought 

Important Livelihood Activities and Variabilities 

Tobacco  Caring Harvest  Preparation Caring 

Dry Corn Caring Harvest  Preparation 

Wet Corn  Preparation Harvest   

Sesame  Preparation Harvest  

Eggplant  Preparation Harvest  

Cucumber  Preparation Caring Harvest 

Watermelon  Preparation Caring Harvest 

Pumpkin Caring Harvest  Preparation Caring 

Tomato Harvest  Preparation 

Lettuce  Preparation Harvest  

Morning Glory Harvest Best Harvest 

Bamboo Branch Harvest Best Harvest 

Mango  Fruit  Flowering  

Cashew  Fruit  

Paw Paw  Flowering  Fruit  

Banana  Fruit  Flowering  

Wood Apple  Flowering  

Fishing Regular Fishing Best Fishing Regular Fishing 

 

3.2.1.5 Significance and interpretation 

Although the number and timing of livelihood activities differed slightly among the 

four villages, a number of consistencies were identified. The harvesting periods for different 

economically important crops were largely spread throughout the calendar year. However, the 

timing of land preparation and seed sowing coincided with the start, May-June, and the end, 

September-October, of the expected rainy season. Residents from all four villages emphasised 

that the timing of these livelihood activities vary significantly from year to year, often being 

dependent on historical rainfall and flooding patterns. Each resident determines when to 
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prepare and sow their crops, with the goal of doing so early enough to ensure they are not 

damaged by the main floodwaters. One resident in Dei Doh Kraom stated that if early season 

rainfall does not eventuate, farmers might decide not to sow rice for the wet season or may 

alternatively plant a different variety of rice that has a shorter harvest time, in turn, resulting in 

an adverse economic impact as ‘short’ rice commands a lower price. The prominence of these 

two decision-making periods further illustrate the potentially negative impacts that 

environmental change is predicted to have on this region.  

The workshop discussions also outlined that the livelihood activities illustrated in the 

seasonal calendars, Tables 1, 2, 3 and 4, were not only spread throughout the calendar year but 

also across space. In general, the wet season rice was grown at higher elevations with the aim 

of reducing the risk of flood damage, while the dry season rice was grown on lower elevation 

areas as floods receded so that it could easily be supplemented by irrigation. Furthermore, most 

perennial fruit crops were planted on high elevation land due to their inability to survive 

significant inundation. Any substantial changes in flood regime will, therefore, impact the 

residents' decisions on where and when to plant their crops. Overall, increased climatic 

variability coupled with anthropogenic influences is expected to negatively impact the 

livelihood of the residents in this region, in turn, influencing the number and types of crops 

cultivated annually and the availability of viable agricultural land each year. 

 

3.2.2 Daily Routine Diaries 

 During workshop discussions, women and men emphasised that they helped each other 

with the vast majority of livelihood activities conducted throughout the year. The daily 

activities of women across the three villages, Ou Lung, Dei Doh Kraom and Kbal Kaoh, differ 

greatly, likely due to socioeconomic variability across the villages (Table 5). However, it was 

observed that women participate in a large variety of activities including agriculture, 

housework, commercial work, and child-rearing, with minimal to no reprieve. Women’s daily 

livelihood activities in Ou Lung and Kbal Kaoh were also observed to vary significantly 

between seasons. During the wet season, much of their time is spent in boats gathering food 

for livestock, collecting wood, fishing, and taking produce to the marketplace (Table 5). 

However, in the dry season, much of their time is consumed by pumping or collecting water 

for their crops and their livestock (Table 5).  

A resident from Ou Lung stated that during the floods the men take their livestock to 

higher ground and stay with them until the waters recede, and children are commonly sent to 

higher ground for safety; often with relatives or at the pagoda. She stated that during this time 
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she barely has time to eat as she spends all day gathering and delivering grass for the livestock 

by boat, while simultaneously running the household independently. This behaviour was also 

affirmed by a woman in Kbal Kaoh. In the dry season, woman in Ou Lung and Kbal Kaoh tend 

to invest heavily in the collection and pumping of water for their crops and livestock.  

In Dei Doh Kraom the women’s daily livelihood activities did not differ significantly 

seasonally due to the village being situated at a high elevation. However, the women stated that 

during years with extremely high flood waters their daily lives were adversely impacted as they 

did not have mechanisms in place to cope with these conditions. If the predicted increases in 

flooding and drought events occur, it is likely that women in this region of Cambodia will be 

one of the most vulnerable groups with respect to the impacts of environmental change (NCCC, 

2013). Women will likely have to invest more effort into arduous work, like water and fodder 

collection and delivery, under trying conditions, exposing them to significant risk. There is also 

a potential for an increase in the duration that families will be physically separated, as women 

remaining in flooded villages may pose risks to families. 

Table 5: Representation of daily livelihood activities conducted by 7 women across the villages of Ou Lung, 
Dei Doh Kraom and Kbal Kaoh, Cambodia in 2018, highlighting any seasonal impacts.  

 Ou Lung Dei Doh Kraom Kbal Kaoh 

 Individual 1 and 2 Individual 3, 4 and 5 Individual 6 Individual 7 

Time Drought Flood Drought and Flood Drought Flood Drought  Flood 

4:00 Breakfast Breakfast 

 Cultivate 

land 

Breakfast 
Breakfast Breakfast Breakfast 

Breakfast Breakfast 

5:00 Feed 

livestock 

Travel by 

boat to 

harvest 

feed for 

livestock 

Fish  

Clean 

Tend to 

crops and 

pump 

water 

Fetch 

livestock  

feed and 

driftwood  

by boat 

6:00 Feed pigs 

Sell food 

produce 

in town  

Sell food 

produce 

in town 

 

7:00 Clean yard 

and house 

Breakfast 

Feed pigs 
Work in 

the field 

8:00 

Tend to 

children 
9:00 Breakfast 

10:00 Water 

livestock 

Go to 

market  

11:00 Lunch Lunch Lunch Lunch Lunch 

12:00 Rest 

Tend to 

house 

garden 

Tend to 

children 

Work in 

the field 

Rest Rest 

13:00 Field work 

Tend to 

crop 

pump 

water 

Tend to 

livestock 

14:00 Lunch 

15:00 

Tend to 

crops 

Rest due to  

storms and 

waves 

16:00 
Dinner  

17:00 

18:00 Clean 

Dinner  Dinner Dinner   

19:00 
Dinner  Dinner   

Tend to 

children 

Dinner  Dinner  Dinner 20:00 

21:00 Bed Bed 

22:00   Bed Bed Bed Bed Bed Bed 

23:00   Bed       
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3.3: Strategies employed by community members and individuals to adapt to the 

predicted changing environmental condition 

Using the Agrawal and Perrin (2009) adaptation framework (Table 7), the residents of 

the four communities have already begun to invest time and money into a variety of adaptation 

strategies. It must be noted that the residents of these communities were not specifically asked 

about their strategies and all material in Table 7 has been compiled from group and individual 

discussions and observations conducted throughout the fieldwork process. 

Table 6: Classes of adaptation practice, corresponding adaptation strategies and categories of alleviated 
risks across four village in the province of Kratie, Cambodia in November 2018. 

Class of Adaptation 

practice 

Corresponding  

Adaptation Strategies 

Category of Alleviated 

Risks 

Mobility • Move to high ground 

• Migrate to other provinces  

• Migration to Phnom Penh 

• Migration to South Korea and or 

Thailand  

Risks across space 

Storage • Preserve foods (prahok) 

• Store grains, grass and water  

• Economic livestock storage 

Risks over time 

Diversification • Crop diversification (rubber, tobacco, 

cashew, mango and special mango) 

• Seeling transplantation 

• Investment into higher land 

• Occupational diversification 

Risks across asset 

classes 

Communal Pooling • Infrastructure development 

• Share unused land 

Risks across households 

 

Physical mobility as a class of adaptation arose frequently. All four villages discussed 

the use of boats in times of flooding and highlighted them as an important financial investment 

for families. According to the colloquial discussions throughout this study, almost all families 

in the village of Kbal Kaoh reportedly owned a boat. Each village also highlighted that many 

families aim for their children to migrate out of rural Cambodia to more productive provinces, 

the capital Phnom Penh, and sometimes abroad to Thailand or South Korea. At the time of this 
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research, a number of residents stated that they believed that migrating to South Korea would 

lead to the best outcome in livelihood. 

 Storage as a class also arose in workshops and individual discussions frequently as 

residents across the study region stated that they preserve large quantities of fish using salt. 

This results in a delicacy called Prahok (Figure 11A) which can be stored for over two years 

and is used in household cooking. Additionally, residents reported storing large quantities of 

grains, mainly rice and corn, as well as fodder for their livestock (Figure 11B). 

 Diversification adaptation was seen as the most prominent form, with many participants 

citing that they have begun to invest in alternative crops, particularly fruit trees, as outlined in 

the seasonal calendars above (a recent cashew plantation can be seen in Figure 11C). 

Additionally, individuals across all four communities highlighted the significant economic 

value of their “special” mango due to its ability to produce fruit out of season (Figure 11D). 

Residents in Ou Lung and Kbal Kaoh also stated that they have begun cultivating intensive 

crops on small high-density plots of land and subsequently transplanting them over time with 

the aim of increasing the success of their seedlings (Figure 11E). Many residents in Dei Doh 

Kraom and Kbal Kaoh noted that they plan on continuing to invest in parcels of high-elevation 

land in order to allow them to further diversify the types of crops they cultivate. 

 Members of all four villages also highlighted the importance of communal resources to 

help maintain their livelihoods. Residents from Ou Lung and Dei Doh Kraom highlighted the 

shared use and maintenance of water wells on a community level, while residents from Kbal 

Kaoh noted the shared use of water pumps and agricultural machinery (Figure 11F). Communal 

investment was also seen in Dei Doh Kraom and Kbal Kaoh where residents communally 

invested in the plantation of bamboo to stabilise river banks and in building up portions of high 

land to shelter livestock in times of flood.  

 As discussed, individual and community level adaptation strategies have and will 

continue to play a significant role in their future livelihoods. However, the most notable 

impacts on livelihoods in this region rely on access to large scale infrastructure, particularly 

access to roads, electricity, and clean water. Participants in all four villages explicitly stated 

that they were looking to the government to provide support to aid in their adaptation to 

environmental change; both in terms of knowledge and guidance, hard infrastructure, and 

economic funding. 
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Figure 11: Perceived adaptation Strategies implemented by across four village in the providence of Kratie, Cambodia in 
November 2018. A) Preserved fish Prahok B) Storage of livestock fodder C) Cashew plantation D) “Special” Mangos 
E) High density seedling plantation F) Irrigation of rice field. 

A) B) 

C) D) 

E) F) 
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3.4 Limitations and further research  

While this study produced important findings in terms of the temporal variability in 

weather-related natural hazards and adaptation strategies, building on Williams (2016) work 

focused on special variability, there are some limitations. Most of the participants included in 

this study were selected by the corresponding village, leader thereby relying on the chief to 

provide a group of participants who are representative of the community, which leaves room 

for potential sociological bias. However, there were some participants that joined the 

discussions on their own accord. The data collected in the field was heavily reliant on 

translation which is widely known to result in notable biases through the interpretation process, 

potentially reducing the reliability of any subsequent interpretations. However, it should be 

noted that due diligence was taken to minimise this by incorporating the visual aids in 

Appendix A and B and the having debrief discussions prior to the workshops. As always there 

is potential for this research to be taken further, possibilities include increasing the special 

scope of the research by including some of the other presences in Cambodia or even looking 

into other countries in the LBM. Future research could also investigate adaptation in the region 

more directly. 

 

4.0 Conclusion 

This investigation explored the predicted temporal aspects of environmental change 

and the subsequent adaptation strategies devised by local communities in the LMB using four 

villages in the Kratie Province, Cambodia, as a case study. Local communities and scientific 

projections agree that patterns in rainfall, flooding, and dry spells have, and will, continue to 

become less predictable and more severe along the LMB in Cambodia. Most residents in the 

study region draw the majority of their livelihoods from agriculture and are reliant on the long-

standing flood regimes. The most important crops were seen to be rice, corn, and tobacco, all 

of which relied on two main decision-making periods coinciding with the start, May-June, and 

the end, September-October, of the historical monsoon season. The predicted temporal impacts 

of environmental change will likely adversely impact these communities significantly, due to 

their strong reliance on seasonality for their agriculture-based livelihoods. Women were found 

to be potentially one of the most negatively impacted groups due to the types of activities they 

engage in during flood and drought events. Women will likely have to invest more time into 

physically demanding activities, under progressively more trying conditions, thus exposing 

them to significant risks. Where the means exist to do so, individuals and communities have 

already and will likely continue to develop strategies to mitigate and adapt to these changes as 
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they arise. These findings highlight the importance of ensuring an accurate representation of 

experiences when researching environmental change. This investigation also clearly illustrated 

that drawing on communities’ experiences and knowledge through participatory processes can 

add substantial value to scientific research; resulting in a more accurate understanding of the 

temporal effects of environmental change.  
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6.0 Appendix  

Appendix A: Example of seasonal calendar used during workshops, actual dimensions A0. 
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Appendix B: Some of the images used in conjunction with the seasonal calendar to focus 
workshop discussions assist in translation. 
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Appendix C: Questions used to guide are refocus seasonal calendar workshops. 

Introduction 

We are interested in understanding all the different activities that you do throughout the year, and how 

these are impacted by floods, droughts and other events that are related to the weather. 

1. What are all the different activities that you do throughout the year to earn income or bring home 

food for the family? [For example, farming rice, fishing, grazing livestock, collecting forest 

products, selling fruit, going to market – each of the listed activities will be represented using a 

picture, see Appendix 1 and these are also printed out].  

2. Are any of these activities particularly important for women, men, young people or elderly 

people? [Particularly note other activities that are important for women, such as caring for infants 

or elderly relatives]. 

 

Development of livelihood calendar 

3. What are the seasons of the year? [locally appropriate calendar] 

4. For each main activity: Can you describe when these activities occur throughout the year (also 

asking about components of each activity, such as preparation, drying of products etc). [This 

activity is to be done with reference to a blank calendar in matrix form [and/or circular or 

cyclical representation of seasonal change. We have a matrix format printed already; an 

example seasonal calendar is in Appendix 2]. 

 

Flood 

5. For each main activity: How are different components (e.g. preparation, sowing seeds, growing 

season, harvest, drying harvest, transport to market) affected by floods? Can you indicate any 

points in time where the start of floods, or the length of floods, or the end of floods (or rainfall 

or other weather events) are very important? [For example, how do floods affect soil moisture 

for rice growing, or for fishing] 

6. How do you know when the floods are going to start? How do you know how severe / how 

long the floods will be? 

7. What activities (such as preparation) do you do before the floods arrive? 

8. What do you do during the time of floods? Do you stay in the commune or move elsewhere? 

[referring to aerial images, where do they move and for how long?] 

9. How do you know when the floods will end? What actions to do you take? 

 

Drought 

10. For each main activity: How are different components (e.g. preparation, sowing seeds, growing 

season, harvest, drying harvest, transport to market) affected by drought? Can you indicate any 

points in time where the lack of rain is very important? [For example, how does drought affect 

soil moisture for rice growing] 

11. How do you know if there will be a drought? How do you know how severe / how long the 

drought will last? 

12. How do you prepare for a drought? 

13. What do you do during a time of drought? Do you stay in the village or move elsewhere? 

[referring to aerial images, where do they move and for how long?] 

14. How do you know when the drought will end? What actions do you take? 

 


