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ABSTRACT

Climate change poses a serious threat to the environment, socio-economic
development, and livelihoods, especially those in developing countries, where
severe natural disasters are common. Adaptation strategies and mitigation
responses for the world’s most vulnerable people are needed, including in the
Greater Mekong Sub-region (defined here as Cambodia, Lao PDR, Myanmar,
Thailand, and Vietnam, and excluding Yunnan Province, China). Within this
context, this study aims to identify the most vulnerable areas to climate change
and climate-induced water problems in the Mekong countries. The study used
the framework of the Intergovernmental Panel on Climate Change (IPCC) in
2001, by looking at the exposure, sensitivity, and adaptive capacity of an area
to adapt or recover from the effects of hazardous climate events. The results
showed that Mekong countries would be affected more severely by major
natural disasters, including tropical cyclones, floods, and droughts. Among the
Mekong countries, we found that Thailand had a high adaptive capacity to
climate change, whereas the western coastline of Myanmar and the Cambodian
Mekong lowland region were the most vulnerable areas.
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INTRODUCTION

Climate change research is of importance and considerable current interest
(Chooprateep and McNeil, 2014). According to the Intergovernmental Panel on
Climate Change (IPCC) in 2001, developing countries will be more vulnerable to
climate change than developed nations. Most developing countries in Asia lack the
capacity to adapt to climate change, and need external support (Francisco, 2008).
According to the United Nations (2014), the Asia-Pacific region is the world’s
most natural disaster-prone region, with a three-fold increase in the number of
deaths due to disasters between 2004 and 2013, and one of the poorest, with
41.2 percent of people living in areas prone to natural hazards (United Nations,



166 | 2 CMU J. Nat. Sci. (2017) Vol. 16(3)

2014). In addition, damage from natural disasters have also increased due to the
abnormal global climate (Weesakul et al., 2014).

Therefore, the effects of climate change and vulnerability at the regional
level must be urgently addressed in order to prepare adaptation strategies for
minimizing/avoiding current and future damage. The increasing frequency and
intensity of tropical cyclones, floods, droughts, landslides and rising sea levels
due to climate change have significantly affected human lives, economic activ-
ities, physical assets, and the environment in the Mekong countries. Yusuf and
Francisco (2009) attempted to map climate change vulnerability in Southeast Asia
using data from 1980 to 2000. However, their study did not include Myanmar and
some other Mekong areas, although did include other Southeast Asian countries
(see Table 1). In addition, it did not include institutional aspects important to the
adaptive capacity component of a vulnerability assessment (see Table 1). In our
study, we attempt to more narrowly, but comprehensively, focus on the Greater
Mekong Sub-region, using a longer and more up-to-date data set (1980-2014),
while including institutional capacity as a factor in mapping the region’s most
vulnerable areas to climate change. Three factors — exposure, sensitivity, and
adaptive capacity — were used to determine the vulnerability to climate change.
This was mapped as a vulnerability index to climate change in each sub-national
administrative area in five Mekong countries — Cambodia (24 provinces), Lao
PDR (18 provinces), Myanmar (7 states and 7 divisions), Thailand (77 provinces),
and Vietnam (63 provinces) — by taking into account areas and socio-economic
sectors most at risk. Our findings will be useful for regional policymakers and
external donors in better targeting and setting priority areas for their support
towards climate change adaptation initiatives.

Table 1. Components of the vulnerability assessment used in Yusuf and Francisco
(2009) versus this study.

Component Yusuf and Francisco (2009) This study

Coverage Thailand (72 provinces) Thailand (77 provinces)
Vietnam (53 provinces) Vietnam (63 provinces)
Lao PDR (17 provinces) Lao PDR (18 provinces)
Cambodia (19 provinces) Cambodia (24 provinces)
Malaysia (14 provinces) Myanmar (7 divisions and 7
Philippines (14 provinces) states)
Indonesia (341 districts)

Duration 1980-2000 1980-2014

Adaptive capacity factors Socio-economic Socio-economic
Technology Technology
Infrastructure Infrastructure

Institution

Note: Primary differences between the two studies in italics.
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MATERIALS AND METHODS

Data collection

Climatic data from 1980 to 2014 were obtained from the Emergency Events
Database of the Centre for Research into the Epidemiology of Disaster (CRED).
Inundation mapping of a five-meter sea level rise (SLR), one of the variables re-
flecting climate change vulnerability, was taken from the Centers for the Remote
Sensing of Ice Sheets. Life expectancy at birth, mean years of schooling, school
life expectancy, and related information were obtained from the United Nations
Development Programme (UNDP) country reports of the five Mekong countries.
Information about standards of living, gross domestic product (GDP) per capita,
and Purchasing Power Parity in USD were taken from various sources, such as the
UNDP country reports and the websites of national statistical offices. In addition,
the protected areas in 2014 were taken from the World Database on Protected Areas
and population density in 2013 were derived from national statistical offices. The
abovementioned primary datasets, their sources, and their references are listed in
Table 2.

Table 2. List of primary datasets used in this study.

Data Sources References

Climatic data Emergency Events CRED (2009)
Database of the Centre
for Research into the
Epidemiology of Disaster

(CRED)
Five-meter sea level Centers for the Remote CRSIS (2016)
rise map Sensing of Ice Sheets
(CRSIS)
1) Life expectancy United Nations Develop- - Cambodia Human Development (2011)
at birth ment Programme (UNDP) - Lao PDR Human Development (2006)
2) Mean years of - Myanmar Human Development (2007)
schooling - Thailand Human Development (2014)
3) School life - Vietnam Human Development (2011)
expectancy*
1) Standards of living  United Nations Develop- - Cambodia Human Development (2011)
2) Gross Domestic ment Programme - Lao PDR Human Development (2006)
Product (GDP) per (UNDP); - Myanmar Human Development (2007)
capita National Statistical - Thailand Human Development (2014)
3) Purchasing Power  Offices of each country - Vietnam Human Development (2011)
Parity (PPP) in - Ministry of Planning and Investment,
USD and UNDP Lao PDR (2009)
4) Electricity coverage - General Statistic of Vietnam (2016)
5) Extent of irrigation - National Statistical Office of Thailand
6) Population density (2004)

- National Institute of Statistics
Cambodia (2014)

- Lao Statistics Bureau (2014)

- Central Statistical Organization
of Myanmar (2008)

Protected areas World Database on WDPA (2014)
Protected Areas (WDPA)

Note: *School life expectancy, as defined by UNESCO Institute for Statistics (2017), shows the
overall level of development of an educational system in terms of the number of years of education
that a child can expect to achieve.
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Vulnerability assessment

We developed a clear conceptual framework as the essential first step in
identifying the most vulnerable areas in the Mekong countries. This was key to
understanding and defining the main concepts of the vulnerability assessment and
their analytical relationships towards a broader mapping exercise. Mathematical-
ly, vulnerability is a function of exposure, sensitivity, and adaptive capacity, as
described in Equation (1).

Vulnerability index = f (exposure, sensitivity, adaptive capacity) (1)
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Figure 1. The framework for adaptive capacity assessment (modified from Yusuf
and Francisco, 2009).

The exposure indicator was defined as the weighted average risks of tropical
cyclones, floods, droughts, landslides, and a 5-meter SLR. Climatic data from
1980 to 2014 was used to delineate a multiple-risk mapping that provided the
underlying exposure to climate risks.

Sensitivity was measured as the consequence of the human activity (popu-
lation density) and land use management (protected area).

This study adopted the development framework for adaptive capacity
from Yusuf and Francisco (2009) to derive the weights for each main indicator:
socio-economic (0.50), technology (0.25), and institution and infrastructure (0.25)
(note: institution, which refers to drinking water and health services, was added
to the framework of Yusuf and Francisco (2009)). The scores in the brackets were
derived using an ‘expert opinion polling” method from the climate change expert
consultation meeting held in Bangkok in 2008, as shown in the details in Figure 1.
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In examining the relationship of vulnerability and resilience, the adaptive
capacity was determined as a function of socio-economics, technology, institutions
and infrastructure. For socio-economics, the Human Development Index (HDI),
poverty incidence, and income inequality were considered to be critical indices
among determinants of adaptive capacity, because of their impact on human
resources and national development. In terms of technology, the regions with a
greater technological capacity were considered better able to adapt (IPCC, 2001).
We used electricity coverage and the extent of irrigation as our proxy for the
adaptive capacity to climate resilience of an area’s technology. Institutions and
infrastructure are important in estimating community resilience or vulnerability to
climate change. As a proxy for these, we used secure access to transport facilities
and infrastructure (i.e., road density), a reasonable access to communication and
information for learning exchange (i.e., communication), strategic areas that secure
a sufficient and accessible water supply (i.e., drinking water), and the availability
of support services (i.e., health services).

The average scores of each indicator were weighted to arrive at an Adaptive
Capacity Index (ACI). These ACI scores were calculated at the provincial level
for all five Mekong countries in this study.

Data analysis

The indicators were normalized using two different equations. Equation (2)
for indicators ‘where higher is better’ (for example, income capacity, education,
and health, in our analysis) (UNDP, 2015) and Equation (3) for indicators ‘where
lower is better’ (for example, poverty incidence and income inequality, in our
analysis).

)= (Actual — Minimum) 2)

Normalized (where higher is better’  (Maximum — Minimum)

1 —(Actual — Minimum)
where higher is better) - (Maximum — Minimum)

3)

Normalized (

RESULTS

Thailand has the highest and Myanmar the lowest Human Development
Index among the Mekong countries in 2014 (UNDP, 2016) (Table 3).

Table 3. Human Development Index for the greater mekong sub-region in 2014.

Country Human Development Ranking in the Ranking in the
Index sub-region world

Thailand 0.726 1 93

Vietnam 0.666 2 116

Lao PDR 0.575 3 141

Cambodia 0.555 4 143

Myanmar 0.536 5 148
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Figure 2(A) presents the ACI by province across the region. Bangkok has
the highest adaptive capacity, with an ACI score of 0.82. The Chin State (0.18)
and Rakhine State (0.22) in Myanmar had the lowest adaptive capacity. Adaptive
capacity is generally inversely proportional to vulnerability, i.e., areas with higher
adaptive capacity will be less vulnerable and better able to adapt to the effects
of climate change. However, the adaptive capacity — vulnerability relationship is
still heavily affected by other factors, such as exposure and sensitivity. In this
sense, the determination of areas that are vulnerable to climate change can guide
the vulnerability assessment and adaptation action to diminish future risks for
vulnerable areas (see Figure 2(B)). This study found that the Mekong lowlands in
Cambodia (e.g., Kandal, Takeo, Prey Veng, and Svay Rieng), and the west coast
region of Myanmar (e.g., Ayeyarwady Division and Rakhine State) were the most
vulnerable areas to climate change from 1980 to 2014, as shown in Figure 2(C).
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Figure 2. Maps of the (A) adaptive capacity, (B) vulnerability index and (C) the
most vulnerable areas.

DISCUSSION

To verify the results of this study, the main findings from Yusuf and
Francisco (2009) were used to compare the outputs of this assessment through
the mapping of adaptive capacity, vulnerability, and vulnerable areas within the
Mekong region. The results of this study and that of Yusuf and Francisco (2009)
strongly correlated in terms of ACI and specific ACI locations; all of Thailand and
coastal Vietnam had high ACI values, while Lao PDR, Cambodia, and northwest
Vietnam had low ACI values (Figure 3). Areas of vulnerability were also similar
in both studies (Figure 4), with less vulnerable areas located in Thailand and more
vulnerable ones in Cambodia, for example (as noted, Yusuf and Francisco did
not include Myanmar in their study). The area most vulnerable to climate change
from 1980 to 2000 was the eastern region of Cambodia, according to Yusuf and
Francisco (2009). For 1980-2014, we found that a different region in Cambodia
was the most vulnerable — the Mekong lowland region in Cambodia (Figure 5).
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3

Figure 3. Spatial comparison of the Mekong Adaptive Capacity Indices between
the results of (A) this study and (B) Yusuf and Francisco (2009).

Figure 4. Spatial mapping of vulnerability to climate change in the Mekong
countries based on the results of (A) this study and (B) Yusuf and
Francisco (2009).
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Figure 5. Spatial mapping of vulnerable areas to climate change in the Mekong
countries based on the results of (A) this study and (B) Yusuf and
Francisco (2009).
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In our study, the western coast of Myanmar was equally vulnerable, an
area that had not been included in the Yusuf and Francisco’s study. As for the
Cambodia regions, both studies found similar vulnerability indices for the eastern
and Mekong lowland regions. However, our study classified the areas differently
in terms of vulnerable areas. The eastern region is mountainous with a very low
population density (5 to 15 inhabitants/km?) and in highly protected areas, and
thus we classified the area as moderately vulnerable, with less sensitivity and
exposure to floods and sea level rise, compared to the Mekong lowland region
that is typically devastated by natural disasters almost yearly.
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