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ABSTRACT

Cambodia is witnessing a “Goldilocks moment” in demographic change concurrent with shifts in
land use, hydrology, and climate. These trends interact and affect food production, food costs, and
food security. Drivers of these trends are typically examined separately with interacting factors
considered along disciplinary margins. While science models to explore these interacting effects
have been proposed, there remains an applied research gap in integrating these pieces and assessing
interdisciplinary opportunities for developing food security solutions. Developed following a request
from USAID to elucidate food security conditions in Cambodia, here the authors present their
geospatial synthesis of the biophysical and socioeconomic drivers of current food security risk, as
well as explore future trends for those conditions. The overall structure shows several interlocking
or mutually reinforcing trends in systems that point towards a significant intensification of food
insecurity in the near future. They offer an assessment of future targets for food systems innovation.
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INTRODUCTION

Since 1990, substantial progress has been made in the fight against global hunger, yet the state of
hunger in many developing countries remains at a critical level. According to the Food and Agriculture
Organization of the United Nations (FAO), 805 million people still suffer from undernourishment,
many of whom are small-holder farmers, dependent on agriculture (GHI, 2014). In recent years, food
insecurity exacerbated by continuous population expansion has placed a much greater emphasis on the
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global agricultural sector in an effort to expand production. Yet what remains to be fully understood
are the direct impacts on global, national, and local food systems in light of a changing climate where
unpredictable precipitation patterns and droughts influence annual agricultural yields. As climate
patterns continue to shift, so too will the geographic distribution of vulnerability and risk for food
insecurity. As such, a growing emphasis exists on the development of actionable adaptation strategies
aimed at improving food security conditions in light of changing climatic conditions.

Across South East Asia, climate change is one of the most significant synoptic drivers of
population scale risks in vulnerability, resilience, and adaptation. In climate change adaptation research
identifying actionable research is critical. It is relatively easy to identify well-known but generally
intractable problems; however, these fail to offer effective guidance for donor institutions. In this study,
guidance regarding the most pressing gaps in knowledge, methods, and data that stand as obstacles to
improving food security under climate change conditions are considered for the country of Cambodia,
one of the poorest countries in South East Asia. A tractable innovation pipeline, presented as a list of
action items is presented by precedence and potential impact. While not meant to be exhaustive, the
innovation pipeline presented herein is meant to offer suggestions for mitigating future food insecurity
issues directly linked to a changing climate.

CAMBODIA

Cambodia is located in the southern portion of the Indochina Peninsula and shares borders with
Vietnam, Laos, and Thailand, with the Gulf of Thailand to the south. Consisting primarily of
low plains, the region is bounded by a highland region formed by two distinct upland blocks, the
Cardamom Mountains and the Elephant Mountains that cover much of the area between the Gulf of
Thailand and the Tonle Sap in the southwest. Elevations exceed 1,500 meters only in the Cardamom
range in the southwest and in the Annamite range on the borders in the northeast. Tonle Sap Basin,
the Mekong Lowlands, and the Mekong Delta cover roughly 75% of the country with elevations
usually less than 100 meters above sea level. The coastal zone in the southwest of the country has
a total length of 435 km. Human modification of the Mekong is having significant impacts on the
Tonle Sap seasonal flooding (Kummu and Sarkkula 2008) and follow-on effects for the ecosystem
as a whole (Arias et al. 2014).

LAND COVER CHANGE

Outside of the densely populated plains the land is mostly forested, and a large percentage of that
land has protected status. Indigenous communities reside in these areas but do not have clear land
tenure rights. Land tenure remains a controversial issue. Many property deeds were destroyed in the
1970s civil war, and it is estimated that only one-third of the agricultural population has proper title.
Recent land concessions to large-scale private agro-industrial entities have increased feelings of land
tenure insecurity, potentially affecting rural settlement patterns (Kizlovkis 2014).

In recent years the extent of forest and other wooded land has fallen rapidly due in part both
to deforestation and the conversion to agro-industrial crop plantations such as rubber, oil palm,
cassava and jatropha, as well as sugar cane and biofuel crops (Bansok et al., 2011). Figure 1 shows
an assessment of areas of forest change and the main reason for the forest cover changes (Broadhead
& Izquierdo, 2010).

Agricultural expansion and the majority of areas converted are listed as having been primary
forest. Almost half of the sites recorded were in protected areas or national parks. Between 1965
and 2010 forest cover in Cambodia fell from 73% to 57% of the total land area (12,944 to 10,094
thousand hectares) (Figure 2) (Bansok et al., 2011). Most areas of forest loss in Cambodia are in the
hilly zones and along the mountain ranges with evergreen and semi evergreen forests (Broadhead
& Izquierdo, 2010). In addition to the reduction in area of forest, the quality of forests has declined.
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Figure 1. Assessment of forest change from 1973-2014. Black areas represent zones of dense forest converted to non-forested
areas. Data source: Atlas of Cambodia, 2015.
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Figure 2. Changes in forest cover, 1965-2015. Data source: Bansok et al., 2011.
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Through its rich biodiversity and productivity, both in terms of plant and fish communities, the
Tonle Sap Lake serves as a resource base for the national economy of Cambodia; nearly half the
Cambodian population depends on the lake’s resources. In this way, the Tonle Sap Lake has enormous
significance on socio-economic development in Cambodia (Senevirathne et al., 2010). The Land Use
and Land Cover Change (LULCC) of the Tonle Sap watershed was studied by Senevirathne et al.
(2010) using remote sensing satellites (LANDSAT and ALOS) to analyze LULCC over the period
of 1990-2009. Study findings revealed that the most prominent change trajectories occurring within
the watershed were deforestation and expansion of agricultural areas, both of which could affect
the biosphere and availability of natural resources for the Cambodian people. Deforestation in the
flooded forests around the lake has destroyed extensive tracks of wet-season fish habitat. Logging
in the upper watersheds sends silt downstream, clogging the mouth of the lake, and can result in
downstream floods. If the deforestation continues at current rate (2.26% per year), the forest cover
will be eliminated in 25 years (Senevirathne et al., 2010).

The Mekong region also has experienced extensive loss of primary forest (FAO, 2005; Leinenkugel
et al. 2015). Empirical evidence shows that a high percentage of illegal logging, commercial logging
and fuel-wood collection for heating and cooking are the leading causes of deforestation in the
Mekong sub-region (World Bank, 2006). ADB (2000) pointed out that the actual deforestation rate
for the coming decades depends on three factors: changes in market demand, changes in forestry
management, and changes in spontaneous growth of agricultural settlement.

AGRICULTURE

Agriculture is expanding rapidly and is the mainstay of the Cambodian national economy contributing
36% to the national Gross Domestic Product (GDP) while providing employment to 72% of the
population (FAO, 2013a). GDP in 2010 was $11.2 billion, with GDP per capita around $790 (Thomas
etal., 2013). In recent years, Cambodia’s economy has grown substantially, with average annual GDP
growth approaching 9.5% for the 10-year period ending in 2008 (Theng and Koy, 2010). Much of this
economic growth is due to non-agricultural changes including policy changes, tourism growth, and
economic diversification. Engagement with China and other trading partners together with policy
changes and increasing foreign direct investment appear to have promoted this shift (Saing et al. 2012).

Cambodia can be divided into four agro-ecological zones with differences in geography and
environment: Coastal, Plain, Plateau/Mountainous, and Tonle Sap (Bansok et al., 2011). According
to the 2008 Census, 81.7% of the households in Cambodia live in rural areas (RGC, NIS, 2009). With
such a large rural population, most people are highly dependent on agriculture (Thomas et al., 2013),
yet the land available for the country’s agrarian smallholder sector is becoming increasingly scarce
(Scheidel et al., 2013) (Figure 3). In addition, the young age and changing economic conditions of
the country has resulted in internal “Migration [being] a natural consequence of the context in which
the country now finds itself (UNFPA, 2012, p. 93).”

In 2010, the composition of the agricultural sector was crop production (54%), fisheries (27%),
livestock (13%) and forest products (6%) (Ministry of Agriculture, Fishery and Forestry, Royal
Government of Cambodia, Annual Report, 2011). The share of agriculture represented by field
crops has been increasing over the last decade, up from 40% in 2001, to 54% in 2010. Likewise, the
lowland areas around Tonle Sap Lake and the Upper and Lower Mekong have played an important
role in the tremendous increase in rice production in Cambodia, roughly doubling between 2000
and 2010 (FAO, 2011). Rice is the dominant wet season crop in the country, occupying over 85%
of the cultivated area (Bansok et al., 2011). Agricultural sector growth, especially rice cultivation,
has increased annually, both in terms of cultivated land and production. Agricultural areas expanded
from 26% to 31% of land area between 1997 and 2007 (Bansok et al., 2011).

Rice in Cambodia is grown in four major systems: rain-fed lowland rice, rain-fed upland rice,
floating and recession rice, and dry season irrigated rice (Thomas et al., 2013). Irrigation development
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Figure 3. Dominant land use across Southeast Asia based on 2011 MODIS data
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is the most important factor to increasing rice productivity. Rice is also an important export commodity
and accounted for more than 10% of the country’s total export in 2007 (Yu and Diao, 2011). Bansok
et al. (2011) reported that in 2010, Cambodia had roughly 2.79 million ha of cultivated land with
2.39 million ha under wet season rice cultivation. Average yield of wet season rice is 2.75 tons per
ha compared to about 4.20 tons per ha for dry season rice.

Diversification of rain-fed lowland rice is one of the primary intensification processes underway
in Cambodia. This includes double cropping through irrigation to support a second rice crop
(rice-rice), or another crop such as maize, mung bean, or soybean (Seng et al., 2008). Other major
agricultural crops include maize, cassava, soybean, peanuts and rubber. Fisheries contributed 25%
to the agricultural GDP in 2011, out of which inland fisheries contributed 83% of the total fish
production (KOC, 2012). Aquaculture systems are of growing importance as well with the potential
to be expanded to the extent that investments are made in farmer capacity building, market linkages,
and infrastructure for processing (Tiet Khan, 2013). Conversely, forest production has declined from
9% to 6% of the agricultural sector (MAFF 2011), and is not expected to increase due to national
policies. Enforcement of forest resource conservation is an on-going challenge. Fishery and forestry
resources are important coping mechanisms for resilience in the face of extreme weather and market
shocks and integral to livelihood strategies of poor rural households.

Most of the cultivated area in Cambodia is rain fed with roughly 9% of the total cultivated area
under irrigation (FAO, 2013b). Since 80-90% of the annual precipitation occurs during the wet season,
water is often limited during the dry season. Flooding, particularly from the Mekong and the Tonle
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Sap, has historically been more closely associated with crop failures than drought. Flooding tends to
cause on average a 70% loss in yield; drought, a 20% loss (ADB 2009). In 2009, roughly 2% of the
rice crop was damaged due to inadequate rainfall in the wet season, thus intermittent dry spells are
also an occasional problem (Sophal, 2009).

POPULATION

The population of Cambodia is dynamic, and although smaller than its neighbors, Cambodia is
characterized by important movements among locations and across economic sectors. The rural
population (Figure 4) is concentrated along the highly productive plains along the Tonle Sap Lake,
northwest of Phnom Penh (Heinonen, 2006). In 2013, the total population was estimated to be
15,205,539 with an annual growth rate of 1.7% (CIA, 2014). This moderate growth rate is despite a
relatively high birth rate (approximately 24.9 per 1,000) compared to the low death rate (7.9 per 1,000).

FERTILITY

Cambodia had high fertility rates until the recent past when it declined rapidly from 4.9 births/
woman to its current estimated 2.7 births/woman. The decline in the fertility rate reflects both rapid
economic and social changes, and the availability and usage of contraceptives, now used by over
50% of the population (CIA, 2014). The recent changes in fertility must be understood against the

Figure 4. Southeast Asia population density (people/km2; average from 2000 to 2011) (Data source: LandScan 2013)
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historical backdrop of the civil war in the 1970s, however, which has shaped current trends. The 1970s
were a tumultuous decade in Cambodian history. Violent conflicts occurred in the first half of the
decade, followed by the Khmer Rouge government in the latter half (1975-1979) (de Walque, 2005;
Neupert & Prum, 2005). Under this regime, an estimated 2 million people —approximately 20% of the
population — died as a result of political executions, starvation and illness (UNFPA, 2012; de Walque,
2005; Neupert & Prum, 2005). Under the Khmer Rouge regime, the cities were essentially evacuated
and citizens were forced to live and work on collective farms (UNFPA, 2012; de Walque, 2005).

Current population statistics and demographic trends have important implications for Cambodia’s
economy. Cambodia has a young population (70% under the age of thirty-five (FTF, 2013)) and it will
remain in this state for several years (the so-called “Goldilocks Moment” with a high percentage of
population of working age). After the 1970s, the population grew rapidly until around the year 2000
when fertility rates declined to their current level of slightly higher than replacement. The national net
international migration rate is -0.3 per 1,000 (CIA, 2014). The population of Cambodia will continue
to increase in the next 30 or more years even with low fertility rates due to the inherent momentum
of large numbers of people reaching the age of childbearing. Although the population will continue
to grow, the rate of increase is expected to continue to decline to around 0.2 in 2045 (UN, 2013).

MIGRATION

In recent years, Cambodia’s urban and rural populations have been growing, but at different rates.
The result is a shift in the location of much the population. While historically the population had been
dominantly rural, in the 1970’s the urban population began to steadily grow at a faster rate than the
rural population. The cause of the differential growth rates has been migration from rural to urban
areas. Heinonen (2006) estimates that nearly 35% of the country’s 13 million people have migrated
at least once in their lifetime. According to the U.N. (2013), the rural population growth rate will
continue to experience a decline, and by 2015 the rural population was expected to begin shrinking.
The urban population, on the other hand, is expected to continue to grow in the range of 1% to 2%
annually. Nevertheless, the actual number of people in rural areas is expected to remain larger than
in urban areas until sometime after 2045.

The implications for Cambodia’s agricultural sector directly related to these population
shifts include:

1. Continued, if slowing, population growth in rural areas in the near future;

By 2020, the rural population size should level off and then start to shrink due to out-migration
and low fertility rates;

3. Once the rural population starts to shrink, it will become increasingly older and fewer young
people will be available to farm. Labor will need to be replaced by mechanization and other
labor saving strategies. Farms may consolidate;

4. Meanwhile the urban population will continue to grow steadily in the medium-term, at least until
the middle of the 21* century. This population will need an increasingly large food supply.

GENDER AND MIGRATION

Migration in Cambodia is a highly gendered process. In the origin communities, the departure of men
and women is forcing changes in the household divisions of labor (Kelly, 2011). The occupations that
migrants seek are gender segregated as well (UNFPA, 2012; Kelly, 2001; Piper, 2008). The common
pattern of internal migration is that men leave to seek agricultural work in another rural area, while
women leave for urban areas to work in garment factories. Women routinely earn less than men and
women with children are shown to be less likely to migrate (UNFPA, 2012; Turunen, et al., 2009).
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According to Cambodia’s Ministry of Planning Report of the Cambodian Rural Urban Migration
Project, “While female migrants make less money, they are more likely to remit to their village of
origin, remit on a more regular basis and remit a larger percent of their total earnings” (2012, p. 91).

Gender inequity is rooted in Cambodian society and creates barriers to women'’s participation
in the rural economy. It constrains women’s opportunities, such as reducing their access to resources
(such as land), control of credit, and ability to ensure that agricultural inputs meet their immediate
needs (Solar, 2010). However, Lina (2012) found that women who do earn more money than their
husbands are more likely to play an active role in deciding how their earnings are spent. Additionally,
approximately 45% of women said they were the sole decision-maker about their own health care,
while decisions about major household purchases were usually made jointly by the husband and wife
(Lina, 2012). Investments are needed that will build the capacity of women, including, “Improving
women’s access to land, control of credit, and ensuring that agricultural inputs meet their immediate
needs (Solar, 2010, p. 2).”

RURAL AND URBAN PATTERNS

Net migration from 1997 to 2008 by province is depicted in Figure 5. Phnom Penh City is a major
destination for migrants. Rural areas outside of the central lowlands were also shown to be important
destinations. Heinonen (2006) found that some of the highest negative net-migration rates are
occurring in the provinces surrounding Tonle Sap Lake. This region is where the USAID program
Feed the Future is focusing its initiatives in Cambodia, specifically the provinces of Battambang,
Siem Reap, Kampong Thom, and Pursat. This region has the country’s highest poverty rate (45%)
as well as approximately one-third of Cambodia’s food-insecure households (FTF, 2012). The Tonle

Figure 5. Net internal migration rate, 1997-2008 (number of net migrants per 1,000 population). Dark colors indicate zones of
in-migration and light colors indicate zones of out-migration. Data source: Cambodia Demographic Census 2008 (from Atlas of
Cambodia 2013).
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Sap region also has the highest concentration of child stunting and under-nutrition. The poverty and
high population densities in the Lake region would be strong push factors for out-migration.
Another view of movement of the rural population is shown in Figure 6, which illustrates changes
in population densities between 2000 and 2011 in Southeast Asia. Similar to previous figures, it reveals
anet loss of population in the central Lake region of Cambodia. In Cambodia, much of the rural-rural
migration is seasonal and driven by people looking for agricultural work, fishing, and construction
work (Turunen, et al., 2009). It is expected that the Tonle Sap region’s annual population growth rate
of 4.8% will worsen the shortage of food and arable land, as well as contribute to the high migration
rate (4%) that it has experienced over the past six years. Although rural out-migration may bring
in needed income, it is also leading to a loss of labor and agricultural knowledge (UNFPA, 2012).
Cambodian farmers face numerous hardships that compound the effects of out-migration, and
reinforce the drivers to leave rural areas. One of the greatest challenges is that only about 20% of the
country’s land is arable. Agriculture remains primarily un-mechanized and the lack of infrastructure
limits transportation between villages and markets (UNFPA, 2012; FAO, 2011; Turunen, et al., 2009).
Implications of these trends of rural-rural migration for Cambodia include:

1. In the origin areas, the loss of young men and women available to conduct farm labor;
A possible reinforcement of poverty in the poor households whose young members have left
(especially the departure of young men, who tend to send fewer remittances);

3. An increase in wellbeing of families receiving remittances with potential spillover effects
improving the economy of the village;

Figure 6. Change in population density, 2000 to 2011 (Data source: LandScan 2013)
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4. In the origin areas, an eventual loss of local agricultural knowledge base;

A leveling off then shrinkage of rural population numbers in Cambodia;

6. Redistribution of population from the central plains around Tonle Sap Lake towards cities and
towards the peripheral provinces;

7. Conversion of land cover from forest to cultivation in the peripheral provinces.

e

As 0f 2012, only 20% of Cambodia’s total population was living in urban areas. This urbanization
fraction is extremely low. It lags other countries in mainland Southeast Asia (31% in 2010).
Nevertheless, like other countries in the region, Cambodia’s urban population has increased rapidly in
recent years, mostly due to rural-urban migration. While the total population of Cambodia experienced
a doubling in the post-civil war period, its urban population increased almost five fold. According to
a survey conducted by the Ministry of Planning in 2012, the rural area is losing 4% of its population
annually due to net out-migration. Half of this rural out-migration population is flowing to the capital
city, 30% is leaving Cambodia going to other countries, a small portion (13%) is going to other rural
areas, and even a smaller portion (6%) is going between urban areas. The urbanization fraction jumped
from 9% in 1980 to 20% in 2010. Fifty-four percent of all its urban population is concentrated in the
capital city, Phnom Penh. The rest of Cambodia’s urban population is scattered in other cities, which
hardly compare with the scale of Phnom Penh (World Bank, 2013).

Out-migration has had both positive and negative impacts on origin villages. It helped to improve
the standard of living of the migrant’s household, increased the money coming into village, increased
the employment of villagers, and improved the human resources of the village. On the other hand, it
had negative impacts including the loss of labor, decreased production, and loss of population. While
migrants’ remittances to their families in places of origins are helpful, the impact has been assessed
as being minor because the average remittance is only about $23 USD per month (UNFPA, 2012).

The large inflow of migrants to cities, especially to Phnom Penh, has left a remarkable impact
demographically and spatially. The capital city has experienced rapid population growth and a drastic
transformation of its population composition. Phnom Penh more than doubled its population in one
decade; it grew from 567,860 in 1998 to 1,236,600 in 2008. Over 80% of that growth was due to
net-migration (UNFPA, 2012).

CLIMATE TRENDS

Cambodia has a monsoon climate with two seasons: a rainy season from May to October and a dry
season from November to April. Average annual precipitation ranges from 900 mm in the central
regions to 4,000 mm in some coastal regions (Hijmans et al., 2005). The dominant agricultural
production systems across the country are determined largely by precipitation zones, which vary
from the two high rainfall areas (>3,000 mm along the coast and along the tip of the Northeast) to
the relatively dry northern and southern belts on the western side of the country with a pronounced
unimodal rainfall pattern of 900 to 1,400 mm (Thomas et al., 2013).

Major climate hazards in Cambodia are floods, droughts, windstorms, seawater intrusion, and
high tides (MOE, 2006). Cambodia is a disaster-prone country where floods and droughts occur on a
seasonal basis and are frequently cited as the major contributors of poverty (The World Bank, 2011;
MOE, 2006). Annually, all Cambodian provinces suffer from at least two flooding events, some as
many as four. Droughts have historically also had severe impacts on agriculture, and even more so
now that the floods and windstorms have extended into previously unaffected areas. Paradoxically,
sometimes flooding and droughts occur in the country in the same year. Rural households were
surveyed by the RCG in 2004, and the findings confirm that both floods and droughts are ongoing,
and are severe constraints to food production (Thomas, 2013).

The mean annual temperature in Cambodia has increased by 0.8°C since 1960 but no significant
change in precipitation patterns has been observed during the same period (McSweeney et al., 2008).

62



International Journal of Applied Geospatial Research
Volume 8 ¢ Issue 3 « July-September 2017

The Intergovernmental Panel on Climate Change (IPCC) predicted a temperature rise of 2.5°C
in Southeast Asia by the end of this century (Christensen, 2007), which is in agreement with the
projections made by Cambodia’s Initial National Communication to the United Nations Framework
Convention on Climate Change (UNFCCC) (Figure 7).

This national study examined the A2 and B1 scenarios and projected temperature increase up
to 0.60°C by 2025, 1.00°C by 2050 and 2.50°C by 2100 (MOE, 2002). Cambodia’s Initial National
Communication to the UNFCCC, IPCC report and the United Nations Development Programme
(UNDP) Climate Change Country Profile for Cambodia, all project an increase in precipitation over
the country in the future. IPCC projects a median increase of 7% over Southeast Asia by the end of
the century (MOE, 2002; Christensen, 2007; McSweeney et al., 2008). Furthermore, McSweeney et
al. (2008) projected an increase in the amount and intensity of precipitation during the wet season
and a decrease in dry season over Cambodia. One significant challenge for assessing or modeling
climate change in Cambodia is the lack of data. There are only ten Global Summary of the Day
(GSOD) sites and only one World Meteorological Organization (WMO) site on the coast, and that is
actually in Thailand. The lack of quality weather data and clear reporting makes detection of trends
very difficult and mostly reliant on remotely sensed data.

Mekong River Impacts

A range of future climate change scenarios are predicted, depending on the Global Circulation
Model (GCM) used. Four out of five models surveyed by Thomas et al. (2013) predicted increased
rainfall, although they are split regarding the extent to which the rainfall will increase within the
rainy season, or over the entire year. Overall projections for climate change impacts on rainfall are
complex in Cambodia, and often disagree, although incidences of higher rainfall for at least some of
the country are a general feature. As a result of climate change, the dry season in the Mekong Basin
is projected by some studies to be drier with an increased length and the wet season is projected to
have a later onset, shorter duration and increased intensity of precipitation (Figure 8) (Snidvongs et
al., 2003; TKK and SEA START RC, 2009). Length of the rainy season is projected to shorten by as

Figure 7. IPCC AR5 ensemble mean (75" percentile) warming for SE Asia for the RCP4.5 scenario
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Figure 8. Seasonal differences in predicted precipitation

much as one to two months under the doubling CO, scenario (Snidvongs et al., 2003). As a result,
the maximum flow of Mekong River in the basin is projected to increase by 35% during 2010-2038
and 41% in 2070-2099 and the minimum flow is projected to decrease by up to 17% in 2010-2038
and 24% in 2070-2099 (Hoanh et al., 2004). As maximum and minimum flows occur in wet and
dry seasons, respectively, there could be increased risk of flooding during wet seasons and further
shortage of water during dry season.

Cambodia, with a coastal zone in the southwestern part of the country, is also vulnerable to sea-
level rise. A one-meter rise in sea level has been estimated to inundate 0.4% of Koh Kong Province
and 56% of Koh Kong town (MOE, 2002). Apart from direct inundation, rise in sea level also poses
risk of salinization of the freshwater resources, especially during the dry season. With an increase in
temperature, annual potential evaporation rate has been predicted to increase by 2% by 2030 compared
to 2000 (Eastham et al., 2008). Moreover, the potential evapotranspiration rate during February-
June is predicted to be 50% more than the rest of the year, further increasing water stress during the
dry season (Eastham et al., 2008). There are limited studies on the impacts of climate change on
groundwater in Cambodia. However, sea level rise and subsequent saltwater intrusion pose risks to
groundwater resources in the coastal areas in the southeastern part of the country. Salinization of the
groundwater resources is expected to increase when the water level in the rivers and groundwater
recharge decrease during the dry season.
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CLIMATE CHANGE IMPLICATIONS

Climate change presents myriad challenges and stresses for impoverished Cambodians. The main
impacts include water scarcity, crop failures, and food shortages (Solar, 2010). The ecosystem of the
Tonle Sap region is already showing signs of developing an enhanced cycle of flooding and droughts.
This along with soil degradation is making agricultural production in the region less profitable. An
example of this is in Battambang where drought has caused major damage to the rice crops of a third
of the farmers (Turunen et al., 2009). The full environmental costs of climate change in Cambodia,
including high market volatility for agricultural products, must be examined with consideration for
the long-term sustainability of the rice production systems. The Food and Agricultural Organization
recommends adopting crop rotation, diversification and other practices to sustain efforts towards
improving food security (FAO, 2011; FAO/WFP, 2012). Furthermore, this survey found that food
deprivation is more prevalent among rural than urban populations. Most of the rural population was
said to be, “Landless or land-poor, rely on agriculture alone, have limited cash-earning employment
opportunities, and typically depend on seasonal casual wage labor (p. 14).” It was also determined that
food deprivation is more prevalent in female-headed than male-headed households. Rice, the staple
food in Cambodia, plays a significant role in food security for households. Protein consumption is
primarily from fish — ranging from 40% - 90% of all animal protein consumed in fishing dependent
communities (Turunen et al., 2009). Turunen et al. (2009) found that people in Cambodia are more
often experiencing “hungry months” during which there are shortages of food. Migration has been
an important household strategy to increase food security through diversifying income opportunities.
Additionally, improved infrastructure, such as better roads, are needed to allow for, “more diverse
livelihood possibilities and higher income levels” in response to these climate change implications
(Turunen, et al., 2009, p. 27). These factors affect the health and wellbeing of the population. The
Cambodia Socio-Economic Survey of 2004 cites, “Household food insecurity, undernourishment,
and child malnutrition (p. 14)” as significant concerns.

Climate Vulnerability

Vulnerability arises from Cambodian’s excessive reliance on agriculture, animal husbandry, and
fisheries, which largely depend on the availability of natural resources, and thus are inherently
susceptible to climate extremes (Solar, 2010). With 20.5% of the population living below the national
poverty line (The World Bank, 2011), Cambodia is one of the poorest countries in Southeast Asia.
This large impoverished population is considered the most vulnerable to climate change as they lack
minimum financial, technical and human resources to cope with these changes (Erikson et al., 2007).
Thus, low adaptive capacity along with higher dependency on agriculture make Cambodia one of
the most vulnerable countries to climate change and variability (Thomas et al., 2013, Mendoza et al.
2014, Dany et al. 2015). Inadequate infrastructure and limited institutional capacity have only served
to further exacerbate vulnerability (The World Bank, 2011).

Highly uneven temporal distributions of rainfall combined with limited water storage capacity
and basic irrigation system development make the agricultural water resources in the country acutely
vulnerable to climate change. Water shortages are already a constraint for agricultural production
in Cambodia and have led to conflicts among farmers (Nang et al., 2011). The Cambodian National
Adaptation Programme of Action to Climate Change (NAPA) conducted a survey across 17 provinces
and reported that 81% of the population has already suffered from water shortage for agricultural
use while 54% suffered from water shortage for household water use (MOE, 2006). With predicted
increases in rainfall anomalies along with potential sea level rise and increased evapotranspiration,
available water resources in the country will be strained under climate change, threatening food
security. Other key issues in the water resource sector in Cambodia include lack of integration of
hydrological features in climate and weather forecasting, weak regulatory framework in water resources
management, and low efficiency of the existing irrigation systems (KOC, 2012).

65



International Journal of Applied Geospatial Research
Volume 8 « Issue 3 « July-September 2017

Gendered Responses to Climate Change

At the household and individual levels, vulnerability to climate change are further shaped by gender
differences in: (1) roles and responsibilities; and (2) in access to and control over productive assets
(for instance land, water rights). According to the UNIFEM et al., (2004), due to the lack of easy
access to clean water, women and girls spend hours of their day (1-2 hours during the rainy season and
up to 3 hours in the dry season) collecting water for household needs. This responsibility represents
a drain on women’s time and increases the opportunity costs of sending girls to school and also for
employment in income generating activities. Solar (2010) also observes that women have to perform
multiple tasks such as family care giving, fetching water, cultivating land, allocating resources for
food and other uses, and have less time to acquire skills and knowledge required for climate change
adaptation, making them the most vulnerable group of people in the country. Gender differences
in roles and responsibilities also create gendered priorities in the delivery of water services at the
community level (UNIFEM et al, 2004). Women want more convenient access to safe water for
drinking, cooking and bathing purposes, and they did not want to spend much time accessing it for
their daily needs. Time spent retrieving water did not seem to be a major concern for men. Instead, men
asked for irrigation systems for crops but not for household farming systems (UNIFEM et al, 2004).

Gender inequalities in access to and control over resources and services and the predominance
of women in agriculture also make women more vulnerable to climate change than men. Women
make up more than half of the agricultural workforce in Cambodia (UNIFEM et al., 2004). However,
according to Beresford et al, (2003) increasing landlessness and near-landlessness, combined with
diminishing access to common property resources, reflects that an increasing number of people,
especially women, in rural households will remain without any productive resources except their
own labor, thereby limiting their potential to contribute to improved productivity, greater food
security and reduced poverty. Secure land tenure has been identified as a critical development and
gender issue, and women, especially women-headed households, are more likely to be landless or
have significantly smaller plots of land. Female farmers in particular, lack access to high quality
inputs, credit or information on farming techniques and markets, agricultural extension services,
market information, and financial services (UNIFEM et al., 2004). Given the critical role of assets
in determining climate change adaptive capacities, such gender disparities in assets certainly have
implications for how men and women adapt to climate change.

Adaptations

Major adaptation challenges in the water sector in Cambodia are protection from floods during the wet
season and ensuring water resources availability during the dry season. Digging wells for household
water, construction of ponds and reservoir for water storages, construction of canals for irrigation
and building dikes or water control structures are among the suggested measures for adaptation to
drought and floods (Thomas et al., 2013). Cambodia’s NAPA has identified rehabilitation of dams,
reservoirs, flood protection dikes, canals, and waterways; construction of water gates and culverts;
development of small-scale aquaculture ponds; and development and improvement of community
irrigation systems as adaptation measures to climate change. Construction and rehabilitation of
dams and reservoirs are crucial for reducing the peak flow during the flood season and supplying
water for the dry season. With the gender differences in priorities for water resources as well as in
adaptive capacities, the appropriate adaptive measure(s) should be those that have a strong potential
for responding to the priority needs of rural household domestic use as well as food production.

Market Adjustments

Farmers and rural communities in Southeast Asia face rapidly changing market contexts, which
necessitate close attention to enhancing adaptation capacity at local levels. A critical role for
participatory action research and education was a key finding in a quantitative assessment of
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agricultural development program effectiveness for thousands of cassava farmers in China, Vietnam
and Thailand (Dalton et al., 2011). Agroforestry practices were widely adopted and led to substantial
production gains, particularly among farmers engaged intensively in participatory, experiential
learning and adaptation of technologies. Another review of farmer adoption, assessing the ‘System
of Rice Intensification’ in Cambodia and the region, found that adaptation of this intensified system
to local context was essential, and indeed the technologies were less important than participatory
engagement with farmers to support innovation (Ly et al., 2012). Crop diversification has shown
potential in Cambodia as part of sustainable intensification, notably the double cropping of mungbean
or soybean after rain fed rice (Seng, et al 2008). Mechanical planting of rice and no-till planting other
crops on beds as a means to enhance water and soil management has also been promoted, although
there are a wide range of technical, infrastructural and social challenges that remain to be addressed
(Balasubramanian, et al., 2003).

Cultivar Selection

A growing consensus is that improvements in crop genetics need to be developed in conjunction
with farmers and management systems, to be applicable across a broad range of environments as
part of integrated farming solutions (Glover, 2013). At the same time, genetic improvements in rice
specifically targeted to address flooding has led to the development of submergence-tolerant types of
rice that have proven ability to reduce yield variability and survive extended inundation (Dar et al.,
2013; Fukao and Bailey-Serres, 2008). Recently, a combination of flood, drought and saline resistant
types of rice have been developed that could provide more options for farmers coping with a changing
climate and degraded soils. The International Institute for Rice, in close collaboration with national
programs across South East Asia, recently released new rice varieties with this combination of traits
in 10 countries, including Cambodia (Ison, 2014).

Governance

Cambodia’s NAPA has highlighted limited awareness of climate change issues; inadequate technical,
financial, and institutional capacity of the concerned agencies, and inadequate integration of climate
change issues into national policies and programs as the major barriers in implementing adaptation
measures (MOE, 2005; 2006). Thomas et al. (2013) pointed out that farmers are aware of the
adaptation measures but lack financial resources to implement them. The majority of rural credit
businesses, including crop production credits, in Cambodia are controlled by informal sectors, which
charge excessive interest rates on loans (Bansok et al., 2011). Moreover, the terms and conditions of
these loans are not conducive to the poor borrowers. Women (especially female headed households),
face specific challenges with respect to access to financial resources. According to UNIFEM et al.,
(2004), women have limited access to credit and credit providers reach only 20% of all households.
Furthermore, while women make up a high proportion of membership in credit schemes, they tend
to be excluded from the decision-making processes and receive smaller amounts of credit. Easier
access to credit would enable farmers to establish irrigation systems and purchase farm inputs such as
improved crop varieties and fertilizers, which in turn, increase the farmers’ resilience against extreme
events. Overall, disparities between men and women in resources, decision-making power, and basic
social wellbeing, coupled with widespread poverty, stand as significant constraints to sustainable
economic and social development.

AN AGRICULTURAL INNOVATION PIPELINE FOR CAMBODIA:
CLIMATE CHANGE AND PRESSURES ON RESOURCES

In addition to the adaptations previously mentioned, an innovation pipeline is presented in the following
section, organized as a list of action items in two sections: 1) research where investments could be
made with a high likelihood of success and measurable impact, and 2) research questions and issues
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that are less likely to be successfully resolved, but given changing conditions or substantial creative
insight might have meaningful impact. This list is ordered by precedence and potential impact.

Innovation Pipeline

1. Action items worthy of near term investment and development research:

a. InCambodia, the optimization of water resources is critical during both wet and dry seasons.
Agricultural management practices and conservation measures, including no-till planting for
diversified production resilient to variable weather, the development of new rice varieties,
and improved dry land rice cultivation, are best bets. New rice varieties that are flood-tolerant
show tremendous potential in a flood prone system; and drought and saline tolerant genetics
are also under development for rice;

b. Small-scale water storage facilities for supplementary irrigation and community-level
innovations to enhance management, facilities and equitable access to groundwater for
household and irrigation use will improve resilience and adaptation to climate stresses.
Intensification and diversification of farming is needed; dry season rice yields are higher
than rainy season yields and could be expanded via irrigation (MAFF Annual Development
Report for 2010-2011);

c. More than most other countries in South East Asia, Cambodia suffers from an acute shortage
of weather and climate data collecting systems. Coordinated community based weather
instrumentation and reporting will improve base volumes and representativeness of climate
data and improve local responsiveness to weather trends. Here “coordinated” refers to a
system where different communities share skills, data formats, installation, and storage
procedures so that no duplication occurs and that monitoring is effective;

d. Detailed climate projections, both statistical or RCM downscaling, would be modestly helpful
for identifying area-based adaptation approaches;

2. Action items worthy of investment if conditions change or new science emerges:

a. Cambodia has minimal irrigation infrastructure (FAO, 2013b). Enhanced infrastructure and
market linkages for aquaculture as part of an integrated farming system is clearly lacking
(Tiet Khan, 2013);

b. Reliance on rainfall for agricultural production has increased the risk of food insecurity.
Management systems for resilient management of both floods and droughts are seriously
underdeveloped (KOC, 2012);

c. A government initiated land distribution program, in which state land is provided to poor
and landless families (GIZ, 2012) might ameliorate land pressures. The methods used to
identify vacant land, and subsequent allocation, represent an important problem for land
use land cover change (LULCC) science and for adaptation to climate change;

d. Forested regions of Cambodia are under public ownership and managed by the Cambodian
Forestry Administration. However, falling standards of governance and weakly implemented
forestry policy contributed to high rates of deforestation and forest degradation (Broadhead
and Izquierdo, 2010).

CONCLUSION

Climate change and variability presents myriad challenges to agricultural production and food
security in Cambodia and the vulnerability is only projected to increase in the future. Reliance on
natural resources, minimal infrastructure for regulating soil and water use in agriculture, and limited
investment in farmer education and adaptive capacity, have made Cambodia particularly vulnerable
to climate change in a regional context (Solar, 2010). Major impacts of climate change across sectors
are expected, despite that ensemble GCMs vary in predictions related to onset, duration, and intensity
of precipitation. Further, it is not known the extent to which seawater intrusion and decreased crop
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water availability will impact production. Major identified adaptation measures are either related to
controlling flood and sea level rise or increasing water availability during dry seasons (MOE, 2006;
Thomas et al., 2013). Lack of financial resources to implement adaptation measures is the major
constraint in increasing climate change resilience (MOE, 2006; The World Bank, 2011). There are a
number of exciting new developments in genetic options for the most important crop in Cambodia,
notably flood-resistant rice varieties (Zhao et al. 2014), as well as drought and saline adapted genetics
in the pipeline. Investments in participatory action research and extension are urgently required to
support farmers in evaluating novel varieties, as part of an effort to enhance capacity to regulate
water, manage soils and grow appropriate crop genetics for sustained production.

Cambodian society is largely patriarchal and hierarchical, with strong traditional norms and
notions of power and status conditioning social and gender relations (UNIFEM et al., 2004). Gender
is a critical factor that influences how men and women experience climate change pressures on their
ability to adapt/respond and to develop resilient agricultural production systems. Recent advances in
rice genetics have provided a unique opportunity for participatory research and extension of flood-
tolerant types of rice varieties. These efforts have been particularly effective at engaging women
farmers in SE Asia, and are highly promising for the Cambodia context. As climate change remains
one of the most significant drivers of population scale risks in vulnerability, resilience, and adaptation,
continuing to identify actionable research is critical in mitigating future food insecurity issues
directly linked to changing climate. In this way, improvements in food security for highly vulnerable
populations like Cambodia may be considered in an effort to lessen climate changes’ potential impact.
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