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Abstract
Climate change, hydro dams and deforestation are significant threats to the Cambodian people. How
they perceive, manage and adapt to these hazards is important to their future. The objective of this
research is to answer this question; can the use of an explicitly spatial / low cost / participatory method
help identify locally relevant opportunities / challenges to climate change adaptation in small floodprone communities in Kratie province Cambodia? Eight workshops were conducted using focus-group
interviews and participatory mapping. Results from the study show that the geography of the hazards
is changing and that engaging the affected communities is important as the hazards aren’t always as
expected. This has implications in marginalised and data-poor regions. Through combining the
participatory mapping and the focus groups interviews a greater depth of understanding of the
vulnerabilities and opportunities to communities is developed allowing a bottom up transfer of
information strengthening existing climate change policies and management strategies.

1. Introduction
Flooding and its impacts on humans and the environment are of major significance globally,
especially when considered in the context of climate change. Climate change is altering rainfall
and temperature throughout South East Asia (Kingston, Thompson, Kingston, & Kite, 2011;
Västilä, Kummu, Sangmanee, & Chinvanno, 2010), with projected increases in rainfall
intensity and frequency combined with expected increasing occurrences of flood and drought
(NCCC, 2013; Pall, et al., 2011; Räsänen, Koponen, Lauri, & Kummu, 2012). Climate impacts
are greater in developing countries whose economies rely heavily on agriculture (Morton,
2007). These impacts effect populations and economies of big cities, small towns and rural
communities (Bonatti, et al., 2016). Understanding how humans are vulnerable and adapt to
environmental hazards is an urgent task for researchers (Few & Tran, 2010). If people can
adjust and respond to the changing environment, it reduces vulnerability to hazards and
provides examples for adaptation that can be applied in related circumstances.

Cambodia is one of the world’s most affected countries by environmental hazards (Yusuf &
Francisco, 2009). Into the future, climate change is projected to affect Cambodia by increasing
annual precipitation by 10% (Kingston, et al., 2011). Cambodia is currently in the grips of a
severe drought due to the prolonged El Niño event that started in 2014 (Besant, 2016). The
drought is officially recognised by the Mekong River Commission and the Cambodian Ministry
of Water Resources and Management and has been attributed as the cause for no seasonal
flooding last year (2015) and the expected delay of the monsoon rains until late August, 2016
(Besant, 2016). Moreover, 90% of the country’s poor live in rural areas (Sok & Yu, 2015) and
depend on agriculture for their food and income activities. Cambodia’s agricultural sector in
2011 contributed 31 percent to the national GDP and employed 84 percent of the national
labour force (Khim & Phearanich, 2012). The Cambodian agricultural sector is comprised
3
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primarily with rice production, research has found that an increase in temperature of 1oC in
night time temperatures will reduces rice grain yield by 10% (NCCC, 2013).

Of the two areas – Tonle Sap and Lower Mekong Basin - attributed to receiving the worst of
these events (Doch, Diepart, & Heng, 2015), the north east province of Kratie, along the
Mekong River, is expected to face an increase in the frequency of flood volumes, 20% greater
than the 50 year average up to the year 2000, from an historical annual probability of 5% to
future climate model of 76% probability (Eastham, et al., 2008). This has resulted in a model
predicting an increase in the overall flood extent for Kratie province from 1000 km2 (Arias, et
al., 2012) to ~3800 km2 (Eastham, et al., 2008). Kratie province also faces the anthropogenic
hazard of hydro-dams, these have been attributed to low water levels in areas downstream of
the dams (Lu, Li, Kummu, Padawangi, & Wang, 2014). The development of dams is
considered to result in the greatest change to the flow of water for the area (Grumbine & Xu,
2011; Keskinen, et al., 2010). Currently there are up to 165 proposed dams (Räsänen, et al.,
2012) along the Mekong, as a consequence, the yearly flood regimes could be further modified
(Kummu & Sarkkula, 2008). Deforestation, expansion of cultivated land and irrigation, are
further anthropogenic hazards facing Kratie province, these can be attributed to population
growth and economic development (Arias, et al., 2012).

The Cambodian government, in response to these threats, has introduced a Climate Change
Strategic Plan for 2014-2023 (NCCC, 2013). This plan is an update to a national policy
document that responded to climate change and methods of integrating climate change
strategies into national and sub-national level planning. The mission of this plan is “Creating a
national framework for engaging…in a participatory process for responding to climate
change…”. They go on to quote a report that states, due to low adaptive capacity, Cambodia is
among the most vulnerable countries to climate change in Southeast Asia (Yusuf & Francisco,
2009). This study will explore the perceptions, resilience and adaptive capacity of flood
affected communities in Kratie province in Cambodia, and will explore the perceived causes,
actual impacts and local responses to hazards at the community level.
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1.1. Vulnerability and adaptive capacity
Historically, disasters were thought to be the result of natural processes, though, over the past
several decades it has been well established that hazards are the result of human actions
(Helmer & Hilhorst, 2006). The extent to which hazards become disasters is, in part, a function
of vulnerability. The concept of vulnerability has become particularly important within natural
hazard and disaster research (Birkholz, Muro, Jeffrey, & Smith, 2014; King & MacGregor,
2000), used as an analytical lens that incorporates how social context shapes risk and by
extension, natural disasters such as flood events. Vulnerability is often described as, a result of
a system’s exposure and sensitivity to stress and its capacity to absorb, or cope with, the effects
of these stressors (McLeod, et al., 2015); or “The propensity or predisposition to be adversely
affected. Vulnerability encompasses a variety of concepts and elements including sensitivity or
susceptibility to harm and lack of capacity to cope and adapt” (IPCC, 2014). Three
components are often descried as being key to vulnerability: exposure to a hazard,
susceptibility to harm, and adaptive capacity (López-Marrero & Tschakert, 2011; Smit &
Wandel, 2006).

However, substantive change requires adaptive capacity; or “the potential for actors within a
system to respond to changes, and to create changes in that system” (Butler, et al., 2015).
Adaptive capacity is often influenced by social capital, linked by social learning and knowledge
exchange which are essential for the capacity of natural, socioeconomic and cultural resources
(social-ecological systems) to adapt and shape change (Folke, 2006). The key is to move
beyond the status quo to becoming more equipped to deal with a particular environment, which
is a relatively new development in the field (López-Marrero & Tschakert, 2011; Smit &
Wandel, 2006).
In addition, the IPCC (2014) has identified that people who are socially, economically,
culturally, politically, institutionally or otherwise marginalized are especially vulnerable to
climate change. Through evaluating climate vulnerability, people or places that are most
susceptible to harm can be identified and actions that will reduce their susceptibility can be
formulated (Polsky, Neff, & Yarnal, 2007). Furthermore, people in these marginalized groups,
are also vulnerable to some adaptation and mitigation responses. These are rarely due to one
single cause, rather they are the result of many social processes. A key aim of climate change
adaption then, is the reduction of vulnerability and subsequent enhancement of resilience
(Gero, Méheux, & Dominey-Howes, 2011). Resilience influences the extent to which those
5
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predisposed are adversely effected, or, as described by the IPCC (2014), is the capacity of
social, economic and environmental systems to cope with a hazardous event, trend or
disturbance and to respond by returning to the pre event state. Previous research into
vulnerability and adaptation has found that understanding vulnerabilities and coping strategies
of both people and the responsible institutions is vital for designing disaster preparedness and
adaptation strategies (Burrel, Davar, & Hughes, 2007; Opoku-Ankomah, Dembélé, Ampomah,
& Somé, 2006).

Adaptive capacity portrays the ability of a system to adjust to climate change in order to
moderate potential damages, take advantage of opportunities, or cope with consequences
(IPCC, 2014). The relationship between vulnerability, resilience and adaptive capacity is not
well agreed upon by scholarly authors. Some view resilience as a part of adaptive capacity
(Adger, 2003; Folke, 2006), while others see adaptive capacity as a component of vulnerability
(Smit & Wandel, 2006). Exposure embodies what risks the local community is facing and how
much a system is stressed, while sensitivity focuses on how much these stressors actually
modify or affect the studied system. Figure 1 shows the connected nature of vulnerability to
adaptive capacity, sensitivity and exposure.

Figure 1. Vulnerability and its components (from Fig. 3 in Climate (2015)). Showing the interconnectedness of vulnerability
and its components.
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Research has shown (Schelfaut, et al., 2011) that the resilience of the community is one of the
four priority mechanisms for disaster risk reduction worldwide. Recent work in hazard research
incorporating resilience has found that shared learning experiences help develop the capacity
to accept different perspectives on risk and employ alterative innovatory responses to the
threats (Birkholz, et al., 2014).

1.2. Methods to assess community-based adaptation
In the last several decades, Community-Based Approaches (CBA), such as, Participatory Rural
Appraisal (PRA), Rapid Rural Appraisal (RRA) and Participatory Learning and Action (PLA)
have become increasingly popular (Allen, 2006; Singh, 2014). This is arguably due to the
benefits of recognising and valuing local culture, conditions and development issues (Gero, et
al., 2011). CBA has emerged as one of the most rapidly expanding bodies of knowledge in the
greater field of adaptation to climate change (Schipper, 2014).

In the analysis of community-based approaches it has been found that the conditions that
interact to shape exposures, sensitivities and adaptive capacities are community specific and
therefore create needs and opportunities for adaptation (Smit & Wandel, 2006). To understand
and reduce the risk of hazards it is seen as increasingly important to include local knowledge
for identifying community risks (Mercer, 2010). These diverse sources of knowledge aid the
management of complex and uncertain situations (Folke, Hahn, Olsson, & Norberg, 2005).

While scientific knowledge has been shown to be valuable with infrequent or unprecedented
incidents; local knowledge is vital in comprehending historical hazard incidents (Mercer,
Dominey-Howes, Kelman, & Lloyd, 2007). As they are the greatest affected, local
communities are on the frontline of response when a disaster strikes (Butler, et al., 2015;
Delica-Willison, 2004). When communities are involved in the complete research process,
incorporating local and scientific knowledge, the application of management strategies is
ultimately more effective (Buckle, 2000; Fazey, et al., 2010). Additionally, building strong two
way relationships between differing points of view will lead to more informed management
(Raymond, et al., 2010).The analysis of spatial information is key to the design of adaptation
projects because the impacts of climate change and hazards on communities vary across space
(Seneviratne, et al., 2012). The use of Geographic Information Systems (GIS) in hazard
analysis is not new (Liu, Gebremeskel, De Smedt, Hoffmann, & Pfister, 2003; Townsend &
Walsh, 1998; Van Der Knijff, Younis, & De Roo, 2010) nor is its use in the policy/governance
7
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realm (Esnard, 1998; Radil & Jiao, 2016). It’s argued that the methodologies of traditional GIS
help the decision makers in a top down approach, they do not encourage localised participation,
engagement with complex forms of local land ontologies and multiple evidences, and then
translate them for the scientific, legal and policy communities, delegitimising local knowledge
(Cullen, 2015; Dunn, 2007). This has caused local communities to lose control of management
of their natural resources (Ramirez-Gomez, et al., 2015).

Participatory mapping (PGIS) is a response to these concerns and was first penned in the mid1990s as the use of GIS for community engagement increased (Rinner, Keßler, & Andrulis,
2008). It uses a range of tools including mental mapping, ground mapping, participatory sketch
mapping, transect mapping and participatory 3-dimensional modelling with more recent
developments including Global Positioning Systems (GPS), aerial photos and remote-sensed
images and GIS (Corbett, 2009). Participatory mapping holds the underlying premise that
everyday people have the capacity to “sufficiently understand complex technical issues and
engage in rational deliberation and partner in decision-making” and that through that, the
outcome of decisions will be in the “highest public interest” (Hartz-Karp, 2007, p. 2).

Participatory mapping (PGIS) elicits, symbolises and validates local spatial knowledge, which
is rarely available on official maps; the information is spatially specific, implying that it
concerns local priorities, values and perceptions. The process itself is driven by local interests
and priorities; it is socially inclusive, representative of the interests and values of the
community as well as of individuals; feelings of ‘ownership’ and the legitimacy of actions.
This is strengthened at the community and municipality level; and it is capacity-enhancing, as
communities and groups can be empowered by involvement in PGIS processes; thereby
improving self–confidence, and technical and political capacities. By making use of formalised
systematic mapping and analysis of local spatial knowledge, that are relevant to hazards,
vulnerability and risk, PGIS provides the added value (to local capacities) of digital data for
use in a GIS environment (Brown & Kyttä, 2014). The integrating of local spatial knowledge
into a PGIS can be used to forecast flood hazards, understand vulnerability and coping
strategies, and therefore estimate risk much more effectively (Heijmans & Victoria, 2001;
McCall, 2003; UNCRD, 2003; Van Aalst, Cannon, & Burton, 2008). Pain, MacFarlane, Turner,
and Gill (2006) showed how the combination of qualitative data gathered through ethnographic
methods used in conjunction with GIS derived data enables a more nuanced exploration of
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social and spatial occurrences with the potential to formulate a more robust and appropriate
policy responses.
Successful adaptation to altered hydrological regimes associated with climate change requires
local involvement and capacity, acknowledgement of local spatial differences their subtleties
and high level support and good data. In rural, data-poor communities there is often little
available information or adaptation plans are generalised and not locally spatially relevant. This
increases the difficulties for communities on the frontline of climate change, such as those
small villages along the Mekong, who are often first affected. There is very little research
combining climate change and hazard perceptions, community-based approaches and
participatory mapping to explore these issues.
Doch, et al. (2015) looked at flood vulnerability in the north west of Cambodia using a
household survey and not using participatory mapping. A study on livelihoods, resilience and
adaptability in the Lower Mekong Basin in Cambodia was conducted however again, no
participatory mapping was conducted (Sok & Yu, 2015). A study incorporating participatory
mapping and Q-methodology was conducted in the UK which is not comparable socially or
geographically (J. Forrester, Cook, Bracken, Cinderby, & Donaldson, 2015). While a study
was done using participatory research and mapping it was in the Amazon and was not looking
at vulnerability and adaptation. This leaves a gap in the knowledge that this study can fill.
1.3. Research aim and objectives
This research seeks to answer: can the use of an explicitly spatial / low cost / participatory
method help identify locally relevant opportunities / challenges to climate change adaptation
in small flood-prone communities?
The objectives for this project are:
‐

Explore local understanding of spatial and temporal changes in environmental /
climatic hazards.

‐

Identify, and map where possible, local vulnerabilities to recent environmental
changes.

‐

Identify opportunities to incorporate locally relevant measures within adaptation plans
for future environmental / climate-driven changes.

2. Methods
2.1. Study Area
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Figure 2. Study sites. Villages included in study (red circles). Green represents elevated land, beige low land.

The project focused on four villages to the south of Kratie city in Kratie province,
approximately 300km from Phnom Penh in the northeast of Cambodia (Figure 2). The villages
involved in the study include Thma Reab, Ou Lung, Dei Doh Kraom and Kbal Kaoh. Villages
were selected as part of a broader project as representatives or exemplars of flood affected
communities along the Mekong (see Appendix 1). The Mekong River runs through the
province and the study area includes villages that are on or in close proximity to it, including
inhabited islands within the Mekong River itself. The population for Kratie province in the
2008 census was approximately 38,000 with the majority living along the river (NCCC, 2013).
The rural population has a subsistence economy based on rice production, wild fisheries,
livestock and wild life (Mekong River Commission, 2010). The province is an area that floods
frequently and will continue to do so in the future. Floods come and go, the water level of the
Mekong River changes, high one flood, higher another and much less in the following year.
Additionally, Kratie province ranked 17th out of 19 districts for vulnerability (Khim &
Phearanich, 2012). A survey in 2005 was conducted with 684 households in 17 provinces,
villagers cited flood and drought as the most severe climate hazards (Khim & Phearanich,
2012).
2.2 Study Design
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Two workshops in each of the four communities were conducted. The workshops took place
in Khmer through translation supported by students from the Royal University of Phnom Penh.
A combination of semi-structured focus groups and participatory mapping was used to gather
the data (see Figure 3). Following J. M. Forrester and Cinderby (2011) work on community
mapping, the workshops incorporated approximately 6-10 participants, predominantly split
along gender lines. Each workshop ran for 60-90 minutes. The participants were organised by
the village or commune chief at each village. The total number of participants across the entire
study was 67 (Table 1). There were two researchers per workshop, a translator who held the
discussions in Khmer with the communities as well as the questioner – myself - who also
functioned as the note-taker. Each of the workshops were conducted underneath a participant
house which is used as a resting place and an open area that is accessible to others within the
social norms of the society.

Figure 3. Example of workshop. In Kbal Kaoh. Sengponleur Yuk (researcher/translator) in chequered shirt. Note the mixed
gender of participants as well as inclusion of children.

Table 1: Composition of the workshops.

Community
Thma Reab
Ou Lung
Dei Doh Kraom
Kbal Kaoh

Men (%)
9 (60)
6 (35)
6 (33)
10 (59)

Women (%)
6 (40)
11 (65)
12 (67)
7 (41)

Total
15
17
18
17

A semi-structured focus group technique was conducted to allow participants to direct the
conversation, raise issues relevant to them, and for the researcher to add follow-up questions
11
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(Bernard, 2011; Gero, et al., 2011; Ritchie, Burns, & Palmer, 2005). Hinkel (2011) states
guidance for designing vulnerability assessment methods must come from the specific case
considered. Therefore, the questions for this study were developed and adjusted based on
observations gathered during pilot interviews conducted by the larger project earlier in the year
(Boruff & Neef, pers. comm), these were around themes of perceptions, vulnerability and
adaptation (see Appendix 2 for the questions). Due to the nature of the focus group technique,
not every workshop had the same order of questions or even same wording of questions as to
enable the direction that the participants take each workshop to flow naturally, however the
broad elements were consistent for each workshop. Timescale was left open to enable more
freedom with regard to social memory (Folke, 2006).

Where responses had a spatial aspect to them the participants were encouraged to draw, at the
same time on printed maps as the semi-structured focus groups was being conducted. Thereby
provoking ideas, helping stakeholders clarify their views and emphasising the on ground
realities affecting their communities. Rather than asking participants to cognitively map out
their neighbourhood’s or its hazards on a blank piece of paper without predetermined
geographic reference points as was done by Brilly and Polic (2005), an adapted method from
Corbett (2009) was used to provide all participants with pre-determined mapping control points
and geographic boundaries within which they can sketch their perceptions and knowledge. The
participants were asked to map out the important locations to them around their community
(infrastructure, safe places, agriculture areas, etc.), where hazards occur (floods, droughts), and
how hazards develop over time (e.g. the story of flooding in geography and temporal scales).
Areas of vulnerability and relevant related information was also identified. The workshops had
printed base maps of each community at a scale of 1:25,000 at A0 size.

The study progressed with 4 different maps for each village to enable the participants to identify
their preferred map style. The maps were centred on the village in question with 2 maps printed
at ~1:2500 scale and 2 maps at ~1:25,000. For each scale different base maps were provided,
one with a topographic style background, with rivers, creeks, villages, roads, etc., and the other
maps a satellite image. During the course of the workshops the most popular by far was the
satellite imagery at ~1:25,000 scale, which was approximately 9 km per side, or an area of 220
km2. Using a method based on López-Marrero and Tschakert (2011) and Doch, et al. (2015) a
transparent plastic sheet was placed over the top of the map and then taped to the underside
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surface to hold it in place. The printed maps had a plus symbol printed in the corners of them
which was drawn onto the plastic sheet for geo-referencing.

2.3 Data Analysis
The focus group responses were grouped by themes and analysed for patterns of responses
and recurrent words. Where patterns formed, results were organised into tables and represented
in map form (Tables 2,3,4 and Figure 4) as recommended in previous work (Bonatti, et al.,
2016; Pauli, Barrios, Conacher, & Oberthür, 2012). The participatory maps from the workshops
were scanned and georeferenced to WGS 84 / UTM zone 48N spatial reference system. The
features drawn on the maps were then digitised into vector layers using ESRI’s ArcGIS 10.3.
Once the participatory maps were in the GIS and the responses were typed and grouped into
patterns, a technique of reading the responses in relation to the study objectives, and thinking
about the spatial implications was conducted to critically analysis the data (Burns, 2012;
Fielding & Cisneros-Puebla, 2009; Pavlovskaya, 2002). Further analysis was done in a similar
manner examining the responses between women and men and between the communities.
3. Results and Discussion
Reviewing these results through the lens of the objectives of the study will enable us to see
how by combining the focus group responses with the spatial aspect as more complete picture
will be formed.
3.1. Objective 1: Explore local understanding of spatial and temporal changes in
environmental / climatic hazards.
3.1.1. Broad changes
In broad terms communities were more concerned with drought than flood, as stated by the
women of Thma Reab “In flood they can move away, plus it renews agricultural land, with
drought you can’t move away it affects everyone in a negative way”. This view was repeated
with participants from both workshops in Dei Doh Kraom, stating they are equally worried
both with flood and drought. Figure 4 shows the response from all workshops regarding what
are the perceived environmental changes. Every village has noticed an increase in temperature,
while most villages identified a decrease in rainfall.
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Pressures

Impacts

Figure 4. Illustration of participant’s perceptions. Perceptions of why hazard frequency and intensity has changed (grey),
how hazards have changed (blue) and how this has impacted communities (orange). Size of box and lines depicts number of
identified by participants.

When discussing the causes of these changes the issue that came up at every workshop was
deforestation (Figure 4). Natural/global change was also identified as well as agricultural
irrigation and hydro-electric dams. Overwhelming, participants perceived deforestation to be
the cause of the changes to hazard type and frequency, it was been identified that there is a
strong belief that forests can prevent or reduce floods (Tran, Marincioni, & Shaw, 2010). In a
conversation with a villager in Kbal Kaoh he noted that while listening to the radio it said the
cause for all the floods is deforestation, if he heard this information on public radio there is
potential it has been a topic of discussion within the communities, hence the blanket response
of deforestation as the cause. This theory was supported by Tran, et al. (2010) who found this
view perpetuated by the Vietnamese government and mass media.

Figure 4 presents the perceived influences on hazard frequency and intensity together with
impacts on the environment, flowing into the impact on the ground and their related causes,
the larger the box or thicker the line the greater the number of times it was mentioned by
14
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participants. This illustrates the variety of observations made by participants concerning the
effects of climate change and how they see the impact of these broad topics on the micro scale
of their world. There is a variety of impacts described; from environmental, e.g. more storms,
to the vulnerable, e.g. illness from heat stress. The results indicate the multitude of day-to-day
impacts on the participant’s activities and how they perceive the causes.
3.1.2. Flooding

Figure 5. Participatory mapping: Hazard geography flood extant and story. Flood direction (light blue arrows), flood extent
(thick mustard‐yellow line), lakes (blue shape). The flood comes directly from the Mekong then as the waters build it flows
into the large lake to the south west filling that then through the lake networks to the large lake behind the communities
where it fills until it overflows back to the towards the Mekong flooding the villages in the process.

Figure 5 depicts how seasonal flooding manifests in Ou Lung and Dei Doh Kraom as described
by the villagers. The water first comes directly from the Mekong to the village, Dei Doh Kraom
is first affected as it is closest to the Mekong, then as the flood grows it fills the large lake to
the west, overflowing in the next lake and so on via the interconnecting lake network behind
the villages making its way to the large lakes behind Ou Lung where it fills then overflows
outward towards the Mekong flooding the two villages as the flood waters push back to towards
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the Mekong. This shows the development of the flood in and around the community, the
implications spread into the impact on infrastructure, damage of existing and location for new
preventative infrastructure, to the management of the region, evacuation routes, recovery
afterwards etc. The level of agreement between the two communities was very high, both
villages citing the same process. The Ou Lung women stated “normally the temple between
the village and the Mekong does not flood unless the flood waters are very high.” (Ou Lung
Women 12/06/2016), while the women of Dei Doh Kraom, stated that usually the flood comes
to waist height although last year it was about knee height but that in the past several years they
used boats to move around (Dei Doh Kraom Women 15/06/2016). Kbal Kaoh on an island in
the Mekong stated that the floods would get high enough that they would encroach on the floor
of their house at approximately 3 m high (Kbal Kaoh Mixed 16/06/2016), this shows that even
within these villages the level of flooding varies quite markedly and demonstrates how local
understanding of flooding processes is important for planning and adaptation as at this scale
there is variability in flooding levels which can be integrated into management strategies for
flooding.
3.1.3. Drought

Figure 6. Drought impacts around Dei Doh Kraom. Green points are locations identified by community that could grow wet
rice in the past but with reduced rainfall now are only good for sesame or grazing.
16
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Drought was highlighted by all communities as impacting them in different was. Dei Doh
Kraom highlighted 3 locations (Figure 6) that have been impacted by reduced rainfall that their
usage has had to be modified. Not the area around the green points are no longer rice fields and
are now sesame or grazing, in effect over time it is pushing the agriculture of rice away from
the Mekong, towards the lake. This also highlights the adaptability of the community, changing
from a process that is no longer working to another that is.

Having looked at some of the spatial implications, now moving to temporal changes, during a
focus group, one woman from Ou lung (12/06/2016) identified that when she was young
(approximately 1993) they could grow two crops of rice in a season – after one harvest they
could plant another crop – now they are unable to grow enough rice to eat from one harvest
and have to buy rice to supplement their stock. In the same workshop another women identified
that the increase in temperature and reduced rainfall started around 2005, while in Kbal Kaoh
they stated the changes have occurred within the last 5-8 years – 2008-2011 (Kbal Kaoh mixed
group 16/06/2016).

Results from objective one has been able to show the perceived changes and causes to these
changes and place this in space and time. The participatory mapping was able to go beyond the
spatial and add in the temporal aspects to the hazards (in this case flooding). It highlighted how
the floods occur on a local scale through time in a way that is a more complete picture of what
is occurring when compared to satellite imagery alone. This has implications for and could be
incorporated into the Cambodia Climate Change Strategic Plan 2014 – 2023 which talks about
“capitalize[ing] on… local knowledge…” in regard to climate change responses (NCCC,
2013). It also has implications for regional disaster response and urban planning as it highlights
the trajectory through time and space of how a flood occurs; this can be used in the flood
mitigation planning of evacuation or infrastructure and social projects designed at reducing
vulnerability.

3.2. Objective 2: Identify, and map where possible, local vulnerabilities to recent
environmental changes.
There were a number of vulnerabilities identified in the workshops (Table 2). This shows
that the vulnerabilities are on the whole felt over the whole of the area. Men and women
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identified the same issues, apart from crop failure for Thma Reab, market price and socioeconomic for Dei Doh Kraom.
Vulnerabilities /
Workshop

Thma Reab
Women Men

Ou Lung
Dei Doh Kraom
Kbal Kaoh
Women Men Women Men Mixed Mixed

Illness
Crop failure
Market price
Socio‐economic
Age (young & old)
Employment
Infrastructure damage
Clean water
Table 2. Vulnerabilities identified by communities. Grey box indicates community identified vulnerability.

Cutter, Boruff, and Shirley (2003) identified the characteristics most often found in literature
that influence social vulnerability. Participants were not directly asked questions concerning
their own socio-economic status, however, participants self-identified, directly and in-directly,
the socioeconomic status of the villages. For example, participants from Dei Doh Kraom
described how only the rich have access to pumps enabling them to sell water to their
neighbours who are unable to own and run pumps. In Thma Reab participants indicated that
new communities to the west had been displaced from their own village due to economic
factors. This relationship indicates how incomes and access to resources moulds patterns of
vulnerability to climate extremes (Adger, 1999; Few & Tran, 2010). Influence of age on
vulnerability, although not explicitly questioned, was brought up by a number of participants
when talking about diseases. The elderly were identified as having more incidents of heat stroke
and diarrhoea, while the young had more incidents of dengue, this was also found to be the
case in Few and Tran (2010).

Employment loss was brought up by the participants directly when discussing what people do
for work during floods, most villages experience some short term loss of employment due to
the hazard, with the majority of working aged men moving out of the village for employment.
This ranged from a short distance (Thma Reab, Dei Doh Kraom and Ou Lung) to overseas
employment (Deh Dok Kraum) for wage work. Vulnerability in relation to residential property
was discussed by participants in Kbal Kaoh who identified that poor households that were not
built as high as others were forced to move to family or friends who have a higher house as the
flood water rises. Indirectly, the consequence of overcrowding and increased financial burden
on these households was discussed.
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When discussing infrastructure and lifelines with participants, all reported their roads being
damaged by floods. Thma Reab being the community closest to the ferry stated that if the road
wasn’t damaged too seriously the ferry operator would fix the road, otherwise the Ministry of
Rural Development might. Participants in Ou Lung and Deh Dok Kraum talked of a mix of
village and government contributions towards the repair of roads in their communities while
Kbal Kaoh was the only village who stated they wholly rely on themselves to repair their roads.
This is achieved by saving the soil that is extracted when using the community excavator to
dig families’ ponds to repair the road. Impacts to infrastructure included culverts, bridges,
levee/water gate and wells that have either failed, been tainted or damaged by hazards. Wells
were discussed by villagers although often it was not in a positive light. The price of the wells
was discussed as being too expensive, approximately $5-$700 per well and then only lasting a
year (Thma Reab women 13/06/2016). The quality of water in the wells was also discussed,
with comments of the water being acidic or silty and requiring days of settling before use, or
the wells have dried up or are broken (Ou Lung women 12/06/2016).

Another vulnerability raised by all communities, was the sale of their crops to the market,
specifically the price of their crops. Participants in Dei Doh Kraom and Kbal Kaoh talked in
depth about the risk of commodity prices and over supply e.g. was the market facing a glut of
a crop thereby reducing the price for the grower. The volatility of the market has dire
consequences with failure leading to microfinance borrowing. Microfinance borrowing was
documented by all villages with the exception of Ou Lung. Dei Doh Kraom stating that around
50% of the village use microfinance for seed or livestock purchases (Dei Doh Kraom Women
15/06/2016). Thma Reab stated that microfinance lenders come to the village directly to offer
money to borrow (Thma Reab Men 11/06/2016), while participants in Kbal Kaoh talked of
people borrowing from micro financers to recover if they have a bad crop (Kbal Kaoh Mixed
16/06/2016) or if they don’t have enough food during the flood period (Kbal Kaoh Mixed
17/06/2016). The open ended nature of the questions enables people to highlight and raise
factors that are important to them without causing bias in their answers with our assumptions.
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By combining spatial and aspatial information, another layer of complexity is displayed. Figure
7 shows the results of two workshops within Ou Lung village (11-12/06/2016) it identifies
areas prone to mosquito borne virus. It also identifies the safe areas that the community moves
to along with their livestock during flood times, as well as agricultural areas, forests, and points
of interest. When the area susceptible to mosquitos is overlayed with the other features
identified in the participatory mapping workshops it shows that the mosquito’s occurrences
impact their safe area; an area the villagers move their livestock and or their families to when
the floodwaters are high. Highlighting that the safe area the village use is only ‘safe’ from
flood, but exposed to other risks.

Figure 7. Participatory mapping: Vulnerability. Area defined as virus / mosquito prone (purple area) overlaps the safe area
(grey). Another example is the village identified as vulnerable due to lack of access to water and being poor (cream area)
when placed in its surrounding, is also within the flood extent (thick blue line) as well as within the virus / mosquito prone
area. This shows a complexity to the issue of vulnerability that isn’t described by the focus groups alone.
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Although drought was talked about as effecting everyone equally, combining focus group
responses and participatory mapping highlight the nuances of drought impacts (see Figure 8).
Discussions emphasised the impacts on fruit crops due to increased temperatures (Thma Reab
Men 11/06/2016, Ou Lung Men 11/06/2016). When put in its surrounding landscape this
highlights how other crops within their vicinity may also be under stress as well. The focus
group participants identified that the increased temperature was resulting in crop failure.
There is potential the increased temperature was having a similar affect to crops within close
proximity, therefore the rice and cashew could be under stress. This demonstrates the depth
of the method, for example, if a singular approach is used, say textual, the implications on the
surrounding crops could be missed.

Figure 8. Participatory mapping: Increasing temp and fruit trees. Mango tree (Peach coloured point) identified as not
fruiting due to increasing temp, surrounded by Rice, Cashew and Teak. If mango not fruiting probable other crops under
stress from increasing temp.
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Participants from Kbal Kaoh stated that to the west of their island (Koh Tasuy) was more
vulnerable to drought citing two reasons. Firstly, the villages at the west end are further away
from the Mekong (Figure 9) – at around 800m compared to <330m in the centre and east which impacts their ability to pump water from the river. Due to the increase in distance there
is an increase in infrastructure cost, i.e., piping, increased fuels costs, and transport time. The
second reason was that during drought the west sees a decrease in agricultural yield of 80100% while the east only sees a 20% decrease. The two maybe connected as the increasing
costs of pumping may be causing farmers in the west to pump less which means their crops
receive less irrigation and are more vulnerable to increasing temp and reduced rainfall.

Figure 9. Koh Tasuy village locations. Showing the proximity of villages to the Mekong River

The reasons for vulnerability are complex (IPCC, 2014) the method used in this study enables
that complexity to be unpacked, not just in the spatial realm but also in relation to social
vulnerabilities that do not have such a strong spatial aspect. Objective two shows the
identification of vulnerable areas described through the focus groups and participatory
mapping. When the two methods combine there is a greater depth of understanding not
garnered from using just one approach. The power of this is highly important for localised
impact and mitigation strategies and highlights the importance of participatory approaches
(Buckle, 2000) and identification of threats to vulnerable people (Pain, et al., 2006). Mapping
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is important, however, without the very good information gained by speaking with people, the
information gathered is less powerful.

3.3. Objective 3: Identify opportunities to incorporate locally relevant measures within
adaptation plans for future environmental / climate-driven changes
There were a number of coping mechanisms used in the communities (Table 3). These
highlight the variety of methods the communities are going to in regards to the hazards
impacting them. Interestingly Kbal Kaoh didn’t use a number of the strategies at all, mainly
those related to moving away from the area, this is not surprising given the accessibility issues
of accessing the island via a ferry.
Coping strategies /
Workshop

Thma Reab
Women

Men

Ou Lung
Women

Men

Dei Doh Kraom
Women

Men

Kbal Kaoh
Mixed

Mixed

Fishing
Stay with friends
outside of the village
Wage work away from
village

Inside
village
only

Inside
village
only

Move crops to upland
Safe areas
Microfinance
borrowing
Table 3. Coping strategies adapted by communities. Grey box indicates community uses the strategy.

Moving to adaptation strategies, the communities used a number of these (Table 4). For
example, the adaptation mechanism of pumping water; every community talked of pumping
water either from the Mekong River or the lakes behind their village. This water was used for
household and/or agricultural purposes, the differences come when you look deeper into their
responses. Participants from Dei Doh Kraom, Thma Reab and Ou Lung talked about how only
the wealthy owned a pump and would sell water to their less wealthy neighbours for a profit,
opening up issues of vulnerability and equality through adaptation implementation. However,
participants in Kbal Kaoh stated that most families owned a pump highlighting inequalities
between villages in the area.
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Adaption
strategies /
Workshop

Thma Reab

Ou Lung

Dei Doh Kraom

Women Men Women Men Women

Men

Kbal Kaoh
Mixed

Mixed

Use of boats
Change crops
Pumping of water
Digging of ponds
Table 4. Adaptation strategies adapted by communities. Grey box indicates community uses the strategy

Women were the group who discussed the adaptation strategies, even though in some instances
they stated that it was the men who used them. The men were using these strategies although
not discussing them. All workshops participants discussed the use of boats in time of flood,
which has been found to be a livelihood-strengthening role (Few & Tran, 2010). Kbal Kaoh
stated that all houses have a boat and that work starts in July in preparing for the coming floods
(Kbal Kaoh Mixed group 16/06/2016). Whereas participants in Dei Doh Kraom stated that
several years ago they used boats to get around (Dei Doh Kraom Women 15/06/2016) which
alludes to the fact that boats are not an adaption mechanism used every year. During times of
drought when the lakes behind their village are low, lotus flowers begin to flourish. The
community harvest the roots for sale at the market which provides a source of income. At the
same time it was stated that if there is are large quantities of lotus flowers growing then the fish
stock declines (Ou Lung Women 12/06/2016). Showing the adaptive capacity taking advantage
and adjusting to the change in the status quo.

When asked if the increase in temperature and decrease in rainfall were to continue what the
communities would do there was a high rate of replies, such as, “I do not know” or “do
nothing”. This was generally followed by another comment that alluded to possible adaptations
that could be undertaken, such as digging ponds (Thma Reab Men 11/06/2016), engaging in
wage work if they can’t farm any more (Ou Lung Women 12/06/2016, Dei Doh Kraom Women
15/06/2016) and continue doing the same (Kbal Kaoh 16/06/2016). These comments contrast
with the adaptive mechanisms described by the community above. The communities are
responding and adapting to these changing hazards although they might not see what they are
already doing as adaptation, or they might be aware of this and already at the extent of their
knowledge bank of what to do next. To determine this would require further research.

Figure 10 shows the different adaptation mechanisms as identified by the communities and as
sighted during the field visit. (A) Shows a remnant of the old crop – the tobacco drying shed –
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surrounded by the new crop – corn – in Kbal Kaoh. (B) Shows a family pump in Kbal Kaoh
pumping directly from the Mekong to their crop. (C) Shows a safe area for Thma Reab (the
area identified as prone to mosquitos above). (D) Shows a house in Kbal Kaoh with a boat
outside in June ready for the floods.

Figure 10. Adaptation mechanisms implemented by communities.

3.4. Notes on participant mapping methods
Previous studies looking at participatory mapping and GIS derived data have compared the two
types for their accuracy (Cheung, et al., 2016) assuming that the aim of the participatory
mapping is to align with scientific information. Conversely this study will highlight the synergy
of the two. The satellite is the Environmental Satellite Advanced Synthetic Aperture Radar
(ASAR) used to derive flood data for the area, in this case from 17th October 2011. As shown
in Figure 11, the results show a high level of synergy; the participatory mapping flood extent
(thick blue lines) aligns with the satellite derived data (grey transparent areas). The close
alignment of the participant drawn flood extent and the satellite data is consistent with previous
research which found that there was a greater risk perception in areas of moderate or substantial
flood hazards (Cheung, et al., 2016; Siegrist & Gutscher, 2008). This showed that the local
people and ‘the higher ups’ are actually on the same page about the physical extent of the
hazard, although they might be on totally different pages about what is causing flooding and
drought and what to do about it.
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Figure 11. Flood extant synergy. Grey areas are the satellite derived flood extents, the thick blue line is the
participatory mapping flood extent.

There was no disagreement between villages in their participatory mapping outputs that is to
say, if Ou Lung described a piece of land as x, Dei Doh Kraom also identified it as x. Sometimes
a workshop would produce a different level of detail, for example in one workshop an area
might be described as agriculture/rice then in another workshop it might be split into different
sections all to do with agriculture. This is the equivalent as looking at the land at different
scales, maybe further out you would define the land as predominately rice however if you
looked at the land closer in you would break down the land to higher detail.

3.5 Limitations
While this study produced important findings in the application of PGIS and quantitative
geography there are some limitations. The participants included in the study were selected by
the village/commune chief thereby relying on the chief to provide a group of participants who
are representative of the community. The data collected in the field was heavily reliant on
translation, often in real-time situations, which is biased through the interpretation process
(Scott, Miller, & Lloyd, 2006). This reduces the ability to understand the nuances that occur
within a group discussion like this, e.g. was there any dissent from the translated answer. The
methodology used in this study would be suitable to be applied in different locations, both
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within Cambodia as well as internationally. Though the diversity of the villages would need to
be increased to provide greater depth of understanding.

Concluding remarks
This study demonstrates how combining a community based focus groups with participatory
mapping can provide valuable insights into the spatial and aspatial knowledge of communities
facing climate change and other hazards. Perceived changes to hazard were felt across all the
villages in the instance of increased temperature although others, such as decreasing flood
frequency were not so widely felt. The method generates conversations of political importance
which can have a community empowerment effects on discussions around micro-finance,
government involvement in assistance, and adaptation measures. The participatory mapping
helps to legitimatise traditional knowledge within scientific and policy-making forums. In this
case it was mentioned in a number of villages that this information needs to get out to the wider
audience (Dei Doh Kraom, Thma Reab). The participatory approach supports the transfer of
ecological knowledge within the communities and between generations. For example, most
workshops had young children around listening to the stories and watching the mapping of
impact and adaptations that the older generation have observed and undertaken.

This study has implications in Australia with environmental and social applications within
Indigenous Australia, or more broadly within the South-East Asia. By showing that the
integration of community-based adaptation and participatory mapping can be a useful means
of identifying the important places to the local communities. Mapping how the hazards
affecting these communities, how the hazards change over time, and identifying the direct and
indirect drivers of the perceived changes. Although they are of limited inference power, the
methods used have advantages in terms of relatively low cost, efficiency and local expert
knowledge.
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Appendix 1
The larger project is titled Climate Change Adaptation in Post-Disaster Recovery Processes: FloodAffected Communities in Cambodia and Fiji and runs for 3 years. A summary of the proposed activities
follows:
By adopting an integrated and participatory action-research approach, this project
will explore how rural communities living in flood-prone river basins of Cambodia
and Fiji respond to increasing incidences of floods under the influence of climate
change and other risk factors, such as hydro-electric power development, forest
conversion and environmental degradation. Particular emphasis will be placed on
risk perceptions and adaptive strategies of individuals, families and social groups
with regard to regular and catastrophic floods and how the livelihoods of vulnerable
groups are affected by flood disasters. Our research approach will integrate the food,
water and energy security nexus with the rural livelihood framework. The aims of
the project are to (1) identify the spatial extent and dynamics of flood hazards as a
result of multiple risk factors; (2) determine the various factors that can enhance
resilience and adaptive capacities of flood-affected communities in a changing
environment, and (3) provide examples of successful community-based flood
management and climate change adaptation that can serve as best-practice models
for other flood-affected communities in the Asia-Pacific region.
The larger study provided logistics, translators, funding which helped me conduct my
research. The Cambodian team that assisted me greatly in the field was comprised of: L-R
Mark Williams, Sengponleur Yuk, Kimleng Sa and Sochanny Hak. The project website is:
http://www.climatechangeplus.net/

28

ID: 21685496

Appendix 2
The questions asked during the semi-structured focus groups are below, organised into themes.
Hazard
Can you describe how flooding occurs and what areas are impacted by floods?
Does flash flooding occur in your village and how does it occur?
Environment
Have you noticed any changes to the environment over the past several years?
What do you think are causing the changes to the environment?
Adaptation
Have you changed cropping systems to deal with flood conditions?
Have agricultural practices changed due to drought conditions?
If heat (drought conditions) continues to increase and precipitation continues to decline, have you
thought about what you will do in the future?
Coping
Do any villagers stay with friends/relatives outside the village during the floods?
Do you grow crops in other locations during flooding?
Do villagers fish during the floods and where does this occur? Are fish used for household
consumption or sold at market?
What is done for working during floods?
Does anyone in the village have/access insurance?
Where/how do you store food during flood times/drought times?
Vulnerability
Where are the poor households in the village and what makes them vulnerable to the floods/droughts.
How do they cope with the floods?
Spatial
What are the important components of the village (can you map what is important to you)?
Where do you sustain livelihoods during and outside flood season?
What areas are affected by floods?
Where do you move valuables during floods?
Where is the village’s agricultural land and what types of crops are grown (or grazing)?
Are there areas that are more prone to human illness during the floods?
What is the spatial difference in historic flood extent versus now?
What areas are affected by drought?
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