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ភាពធន់់នឹឹងអាកាសធាតុុនៅ�ទីីក្រុ�ុងពឹឹងផ្អែ�ែកលើ�ើកត្តាា ជាច្រើ��ើន បុ៉ុ�ន្តែ�ែកត្តាា
សេ�ដ្ឋឋកិិច្ចចសង្គគមទីីក្រុ�ុងត្រូ�វបានចាត់់ទុុកថា ជាចរន្តតឈាមស្នូូ�លមួយសម្រា�ប់់
ការអភិិវឌ្ឍឍទីីក្រុ�ុង និិងការកសាងសមត្ថថភាពបន្ស៊ាំ �ំ �ខួ្លួ�នដើ�ើម្បីី�ឆ្លើ�ើ�យតបនឹង
ភាពងាយរងគ្រោះ��ះ និិងផលប៉ះះ�ពាល់់នៃ�ការប្រែ��ប្រួ�លអាកាសធាតុុនៅ�
ទីកី្រុ�ុង។ សូូចនាករសេ�ដ្ឋឋកិិច្ចចសង្គគមគឺឺជាប៉ាា រ៉ាាម៉ែ�ែត្រ�សំំ ខាន់់ក្នុុ�ងការវាយតម្លៃ�ៃ
កម្រិ�តភាពធន់់នៃ�ទីីក្រុ�ុងលើ�ើគ្រោះ��ះមហន្តតរាយ ដែ�លបង្កកឡើ�ើងដោ�យកត្តាា
អាកាសធាតុុ និងិមនុុស្សស។ ការសិកិ្សាានេះ�ះមានគោ�លដៅ�វិភិាគ និងិវាយតម្លៃ�ៃ
កម្រិ�តនៃ�ភាពងាយរងគ្រោះ��ះ និងិភាពធន់់នៅ�ក្នុុ�ងក្រុ�ុងសៀ�ៀមរាបនៃ�ប្រ�ទេ�ស
កម្ពុ�ជា ដោ�យប្រើ��ើអថេ�រនៃ�សូូចនាករសេ�ដ្ឋឋកិិច្ចចសង្គគម។ វិធិីសីាស្រ្ត�តស្រា�វជ្រា�វ
នេះ�ះត្រូ�វបានធ្វើ�ើ�ឡើ�ើងដោ�យការអនុុលោ�មតាមក្រ�បខ័ណ្ឌឌ  HIGS (Hazard-
Infrastructure-Governance-Socio-economics) លើ�ើការវាយតម្លៃ�ៃ
ភាពងាយរងគ្រោះ��ះក្នុុ�ងទីីក្រុ�ុង។ ក្នុុ�ងចំំណោ�មធាតុុផ្សំំ�សំំខាន់់ៗទាំងំបួួននៃ�
សូូចនាករនេះ�ះ ការស្រា�វជ្រា�វនេះ�ះផ្តោ�ោតតែ�លើ �ើសូូចនាករសេ�ដ្ឋឋកិិច្ចចសង្គគម
ចំំនួនួដប់ព់ីរីបុ៉ុ�ណ្ណោះ�ះ � ដោ�យបែ�ងចែ�កជាសមាសភាគសំំខាន់់ៗចំំនួនួបីគីឺ៖ឺ 
ទម្រ�ង់ប្រ�ជាសាស្រ្ត�ត ការអភិិវឌ្ឍឍ និិងការអប់់រំំ -ភាពក្រី�ីក្រ�-មុុខរបរ សម្រា�ប់់
វាយតម្លៃ�ៃភាពងាយរងគ្រោះ��ះ និិងស្វែ�ែងយល់់ពីីរបៀ�ៀបកសាងភាពធន់់នឹឹង
អាកាសធាតុុក្នុុ�ងទីកី្រុ�ុង។ ការប្រ�មូូលទិន្ននន័យ័នៃ�ការស្រា�វជ្រា�វបានធ្វើ�ើ�ឡើ�ើង
ដោ�យប្រើ��ើប្រា�ស់់ទិិន្ននន័័យឃំុំ� សង្កាាត់ ់ ការសម្ភាា សអ្ននកផ្តតល់់ព័័ត៌៌មានសំំខាន់់
ៗ និិងការពិិភាក្សាាជាក្រុ�ុម ជាមួួយក្រុ�ុមប្រឹ�ឹក្សាាសង្កាាត់ ់ និិងមន្រ្តី�ី�រដ្ឋឋបាល
ពាក់ព់័ន័្ធធក្នុុ�ងក្រុ�ុងសៀ�ៀមរាប។ សរុបុមក ទីកី្រុ�ុងសៀ�ៀមរាបងាយរងគ្រោះ��ះខ្លាំំ �ង
ដោ�យឥទ្ធិិ�ពលនៃ�ការប្រែ��ប្រួ�លអាកាសធាតុុ ហើ�ើយភាពធន់់នឹងឹការប្រែ��ប្រួ�ល
អាកាសធាតុុក្នុុ�ងទីីក្រុ�ុងនៅ�មានកម្រិ�ិតទាប។ ក្រុ�ុងសៀ�ៀមរាបនៅ�តែ�មាន
អត្រា�ក្រី�កី្រ�ខ្ពពស់ និងិមានប្រ�ជាជនច្រើ��ើន (ជាពិិសេ�សកុុមារ និងិមនុុស្សសចាស់់
ដែ�លមានអាយុុលើ�ើសពីី  ៦០ឆំ្នាំ�)  ដែ�លងាយរងគ្រោះ��ះដោ�យសារ
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ការប្រែ��ប្រួ�ួលអាកាសធាតុុ។ លើ�ើសពីីនេះ�ះ មុុខរបរសំំខាន់់នៅ�ក្នុុ�ងទីីក្រុ�ុងនេះ�ះគឺឺនៅ�តែ�ជាកសិិកម្មម ដែ�លត្រូ�វរងផលប៉ះះ�ពាល់់ដោ�យការប្រែ��ប្រួ�លអាកាសធាតុុ។ 
ការអភិិវឌ្ឍឍប្រ�កបដោ�យតុុល្យយភាពគួួរតែ�ធ្វើ�ើ�ឡើ�ើងសម្រា�ប់់សង្កាាត់ ់ណា ដែ�លងាយរងផលប៉ះះ�ពាល់់ពីីការប្រែ��ប្រួ�ួលអាកាសធាតុុ ជាពិិសេ�ស ហេ�ដ្ឋាា រចនាសម្ព័័�ន្ធធ
បៃ�តង សេ�វាសង្គគម ការបង្កើ�ើ�តការងារ និងិការធ្វើ�ើ�ពិពិិធិកម្មមជីវីភាពសម្រា�ប់់ក្រុ�ុមប្រ�ជាជនងាយរងគ្រោះ��ះ ដែ�លជួយកាត់់បន្ថថយភាពងាយរងគ្រោះ��ះដោ�យគ្រោះ��ះថ្នាាក់
អាកាសធាតុុ។ ការអភិិវឌ្ឍឍដោ�យសមធម៌ន៌េះ�ះក៏៏ជាកត្តាា សំំខាន់់ៗផងដែ�រសម្រា�ប់់ការបង្កើ�ើ�នសមត្ថថភាពឆ្លើ�ើ�យតប និងិការបន្ស៊ាំ �ំ �ខួ្លួ�ននៃ�ទីកី្រុ�ុង ឬបង្កើ�ើ�នសកម្មមភាព
ខ្នាាតតូូច ៗឆ្លើ�ើ�យតបនឹងការប្រែ��ប្រួ�ួលអាកាសធាតុុក្នុុ�ងកម្រិ�តទីីក្រុ�ុង។

Abstract
Urban climate resilience relies on several factors, but urban socioeconomics are considered as a core bloodstream 
for urban development and building adaptive capability to overcome urban vulnerability and climate change 
impacts. The socioeconomic indicators are important parameters in assessing urban resilience level on climate-
related natural and man-made disasters. This study aims to explore and address the levels of urban vulnerability 
and resilience in Siem Reap City, Cambodia by using variables of socioeconomic indicators. The research design 
of this study was made by adopting the HIGS framework (Hazard-Infrastructure-Governance-Socio-economics) on 
urban vulnerability assessment. Of these four key components of indicators, this study focuses only on twelve 
socioeconomic indicators by dividing them into three main components (demographic profile, development, and 
education-poverty-occupation) for assessing vulnerability and exploring how to build urban climate resilience. Data 
collection and research conducted using commune database data, key informant interviews and focused group 
discussion with Sangkats (communes) and relevant government agencies in Siem Reap City. The Siem Reap City is 
highly vulnerable to climate change impacts and has fair resilience toward urban climate change. Siem Reap City 
remains high ID Poor people. It has a relatively high number of population (especially children and 60 years old) 
vulnerable to climate change. In addition, the main occupation in this city retains a high attribution of agricultural 
production, and it has been impacted by climate change. The balanced development should also be made for the 
communes (Sangkats) that are vulnerable to climate change impacts, especially the green infrastructure, social 
services, and job creation and livelihood diversification for vulnerable groups, which help reduce the vulnerability 
of urban areas to climate threats and also key factors for the enhancing response capacity and adaptation of the 
city, or scalling up small, more local and city-based climate actions.

1. Introduction 
More than 55% of the global population live in urban 
areas by 2018 and this number will grow to about the 
two-thirds by 2050 (World Bank, 2020; Wahba-Tadros 
et al., 2020). In developed nations like Europe and the 
United States, the urban landscape has taken place up 
to 80% of the total population (Haase et al., 2014). In 
addition, the urban population in Asia is some 50% while 
Latin America urban population takes more than 90% 
of their population (Wahba-Tadros et al., 2020; Haase 
et al., 2014). The urban population contributes to the 
world economy by up to 80% of goods and services. The 
urban area is an agglomeration of trade, education, 
civilization, technology, and politics. The growth of urban 
area consumes space, resources, and energy, leading 
to changes in urban ecosystem function and provision 
of goods and services to urban dwellers (Middleton 
and Krawanchid, 2014; Qiandong and Xin, 2022). 
Socioeconomics is a core structure for cities and urban 
development (Accius and Joo, 2019). Socioeconomics 
has influenced the so-called urban socio-ecology, which 
composes of the natural environment, society, and the 
important roles of cities in fostering human well-being 
(Roggema, 2020; Haase et al., 2014). 

Because climate change has advanced from year to 
year, significant impacts have been seriously spelled 
out in urban areas of the world, and these caused 
great losses and damages to urban socioeconomics 
and related sectors (Wahba-Tadros et al., 2020; Sa, 
2017). However, the economic activities of each nation 
have contributed to varied levels of carbon and other 
greenhouse gas emissions (IPCC, 2019). In response to 
these impacts, climate adaptation and mitigation have 
become crucial in urban basic policy and planning as an 
effort to reduce urban challenges, including mortality, 
morbidity, asset loss, and increase of greenhouse 
gas, and promote urban resilience for socioeconomic 
development and human well-being (Barton, 2013; 
Satterthwaite et al., 2007). Furthermore, (Horton et al. 
2022 and Sa 2017) claimed that climate change-related 
disasters have caused significant adverse impacts on 
the disruption of urban services, damage to residential 
assets, and negative effects on citizens. For instance, 
floods in Lower Mekong Cities and Phnom Penh had a 
wide impact, ranging from infrastructure to livelihood 
and environmental losses (Pal et al., 2023; Nop and 
Thornton, 2019). Urban socioeconomics play an important 
role in social and environmental resilience, and they 
greatly influence the functions of investment in vital and 



SEAK et al. The Cambodia Journal of Basic and Applied Research, 5(2) 2023

36

primary sectors of policymakers and public services in 
the sense of responsibility (Roggema, 2020). But limited 
research in Cambodia was carried out to assess the urban 
vulnerability for building urban climate resilience using 
socioeconomic indicators.

This paper aims to assess the level of vulnerability 
in Siem Reap City socioeconomic indicators, largely 
based on the hazards, Infrastructures, governance, and 
socio-economic (HIGS) framework developed by (Parikh 
et al. 2014). Based on the socio-economic indicators 
regarding vulnerability to climate change impacts and 
building urban climate resilience in Siem Reap City, 
this paper presents the results of analysis based on 
three key components: 1) Vulnerability and resilience 
by population profile indicators; 2) Vulnerability and 
resilience by development indicators; and 3) Vulnerability 
and resilience by education, poverty, and occupation 
indicators. This study also provided a basic concept and 
data for further urban resilience building through the 
HIGS framework, which is understandable, and simple 
approach to and visualizing big data and communicating 
to policymakers, urban planners, and decision-makers for 
urban development to ensure the context of sustainability 
and smart city.

1.1 Conceptualization of Urban Vulnerability
IPCC (2022, p. 52) defines that “vulnerability 
significantly determines how climate change impacts 
are being experienced by societies and communities, and 
vulnerability to climate change is a multi-dimensional, 
dynamic phenomenon shaped by intersecting historical 
and contemporary political, economic and cultural 
processes of marginalization”. Urban vulnerability is 
defined as “a lack of resilience of individuals, households, 
and communities to climate change and hazards that 
threaten their welfare and well-being in the urban 
ecosystem” (Moser and Satterthwaite, 2008 p. 1). Taylor 
and Lassa (2017) conducted an urban vulnerability 
assessment in cities of Indonesia. They found that 
urban vulnerability is a function of exposure, sensitivity, 
consequences, and adaptative ability of human systems 
interacting with nature systems that respond to climate 
change. 

Other authors (Jha et al., 2013; Huedo et al., 2021; 
Nyahuma-Mukwashi et al., 2021; IPCC, 2022; UNEP, 
2007; etc.) who have researched urban vulnerability 
and resilience building have defined urban vulnerability 
is a process produced by the combination of many 
disadvantaged dimensions in which any possibility of 
upward social mobility and overcoming social condition 
exclusions is extremely hard to achieve (Jha et al., 2013). 
Very often, the more vulnerable urban areas lack basic 
services and have a higher number of crowded and 
obsolete buildings, unfavorable social characteristics, 
vulnerable people, and more prominent gender and 

age class differences (Huedo et al., 2021; Nyahuma-
Mukwashi et al., 2021; IPCC, 2022). UNEP 2007 has 
described that the urban areas provided several socio-
economic opportunities with jobs and income creation 
simultaneously becoming increasingly risky places for 
low-income families, especially in developing countries. 
Exposure to environmental risk and hazard results from 
physical processes creating these hazards and human 
processes that lead to vulnerabilities (Lankao and Qin, 
2011). These issues have cumulatively different impacts 
in different city areas, depending on its socio-spatial 
structure. Notwithstanding, there were several studies 
examining the geographical characteristics of urban 
settlements that make city residents (particularly people 
with low incomes) vulnerable to the impacts of climate 
change and disasters, as reported by Bhattarai and 
Conway (2010) and McGranahan et al. (2007). In addition, 
a recent study by Lankao and Qin (2011) noted that much 
research has highlighted urban areas in middle-income 
and low-income countries, which are suffered more 
by the impacts of climate hazards as a result of both 
development and the failures of governance. However, 
there is less research focused on socio-economic 
indicators.

Parikh et al. (2014) assessed urban vulnerability in 20 
Indian cities by using the framework HIGS, which is a key 
framework used in this assignment. HIGS: the framework 
comprises four sets of variables, which ‘H’ denotes 
Hazards and extreme climate change events, ‘I’ is for 
the infrastructure status, ‘G’ for Governance, and ‘S’ for 
socio-economic characteristics. For this paper, we used 
the socioeconomic characteristics as the prime indicators 
for analyzing the urban vulnerability and resilience in 
Siem Reap City of Cambodia.

The framework helps to understand the current 
scenario of cities and urban settlements that features 
many impacts of climate change, such as increased 
weather events, variation in temperatures and 
precipitation, increase in vector-borne diseases, and 
introduces new hazards like intensive rainfall, heat 
wave, sea level rise, etc. To implement the framework, 
a vulnerability template was developed, which helps 
gather the datasets and identify their linkages with 
natural causes, sustainable practices, and strengths of 
the concerned authorities. The framework as shown in 
Fig. 1 in this research, was used and analyzed for the 
socio-economic indicators.

1.2 Study Area and Methodology
This research has been conducted in twelve Sangkats 
(communes) of Siem Reap city to determine socioeconomic 
attribution for vulnerability and resilience building in 
Siem Reap city. Siem Reap is a cultural heritage city in 
Cambodia where world heritage temples and cultural 
tourist sites are supporting the GDP growth of Cambodia’s 
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economic development. As of 2022, Siem Reap City 
comprises 268,710 persons (144,230 females), and 
about 15.3% are female-headed households. The major 
occupation of the population in Siem Reap City is service 
providers at 71% (tourism, vendor, and related sectors) 
followed by agriculture at 27%, remaining involved in the 
government and private sector.

Siem Reap town lies on the northern shoreline of the 
Tonle Sap Lake. Fig. 2 shows the map of the study area, 
briefly describing the study sites in Siem Reap City. It 
has a great diversity of geographic descriptions from the 
Southern to the Northern part of the city. The Southern 
part lies on the lowland of Tonle Sap Lake, which is 
flooded for six months yearly by receiving rainwater 
from the Mekong river and its tributaries during the wet 
season. However, the middle and the Northern parts 
are fairly impacted during the rainy seasons, which 
receive water and flash floods originating from Kunlen 
mountain and surrounding catchment areas through 
Siem Reap river, which runs through Siem Reap town. 
There are streams and reservoirs that were constructed 
in the middle and the Northern part of Siem Reap City 
since ancient times. These infrastructures fairly absorb 
and retain the floods when there is heavy rainfall in 
the wet season. Because of rapid development and 
natural processes, these water infrastructures have been 
damaged and have been converted to agricultural and 
settlement purposes. The damages and losses of these 
water infrastructure systems have tremendously reduced 
their physical functions and capacity for retention and 
pooling, leading to urban floods.
Like other districts of Siem Reap province, Siem Reap 
town has similar weather and climate patterns. It has 
six months of dry and rainy seasons. The city receives 
an average annual precipitation of about 1,406 mm, an 
average yearly temperature of some 28°C, and an average 
annual relative humidity of 66% (Merkel, 2022). Regarding 
climate change impacts caused by climate hazards like 
floods, drought, and wind storm, Siem Reap province was 

assessed to be quite vulnerable to overflow of riverine 
flood, and drought (MOE, 2006). Siem Reap town has 
been impacted by floods almost every year since 2010 
(Gupta et al., 2015), especially Sangkats close to Siem 
Reap River and in the floodplain of Tonle Sap Lake (WFP, 
2021; Pal et al., 2023).

This study adopted the HIGS framework to thoroughly 
analyze urban resilience and climate change adaptation 
(Parikh et al., 2014). HIGS framework encompasses four 
main vulnerability assessment components for urban 
resilience to climate change. However, for this paper, 
the socioeconomic component was considered as the 
core indicator for vulnerability assessment and resilience 
building (including adaptation capacity of people) in 
Siem Reap City. In addition, variables of the indicators 
were consulted with experts from the Asian Institute of 
Technology for their validity and suitability. The socio-
economic component of the analysis includes the key 
indicators presented in Table 1.

Fig. 3 below indicates the HIGS framework for urban 
climate resilience based on the socio-economic indicators, 
as this framework is highly relevant for Cambodia’s studied 
cities under this research. We use twelve indicators for 
our study, i. e. to assess the vulnerability of Siem Reap 
city to climate change and its adaptive capacity. This 
conceptual framework indicates how the variables of 
urban socioeconomic indicators such as demography, 
population by age groups, sex ratio, and other variables are 
being used to measure the level of urban climate-related 
vulnerability. After vulnerability assessment, it will help 
urban planners, development practitioners, and decision-
makers to build the city’s adaptation capacity through a 
full set of improving public investment plans to help the 
city improve social security nets (ID poor), education, and 
occupation that enhance the annual GDP per capita. Thus, 
improving public investment programs will help Siem Reap 
City build sustainable and resilient development.
This study has utilized data from two sources: secondary 
data and primary data. The secondary data were 

Fig. 5: The research framework of hazard-infrastructure-
governance-socio-economic characteristics (HIGS)

Source: Parikh et al. (2014)

Fig.1: The research framework of HIGS.

Fig. 2: Map of siem Reap town

Fig. 2: Map of Siem Reap town.
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Table 1: List of socio-economic indicators of urban vulnerability and resilience building.

No. Indicators Description

1 Total population by 
communes

The different number of total populations by communes (Sangkat) is used to assess each 
commune’s vulnerability level. The larger the population in each commune, the more 
vulnerable it will be to the changing climate it will be exposed, as it is so crowded for 
city mobility and green space.

2 Population by age group 
(children, elderly, adults)

Younger and older age groups are most vulnerable to climate change impacts. Adult 
groups are less vulnerable to climate change impacts. It is divided into five age groups: 
1) 0_6 years old (Highest Vulnerability; 2) 7_12 years old (Medium Vulnerability; 3) 
13_17 years old (Low Vulnerability); 4) 18_60 years (Lowest Vulnerability); and 5) 60 
years old and above (High Vulnerability) (Cutter and Finch, 2008).

3 Sex ratio It is used to differentiate the male and female populations. The communes having 
more female persons with younger and older age groups are more vulnerable to climate 
change impacts.

4 Total land areas (by 
communes)

They are used to compare the population density among the communes in Siem Reap 
city. It links to indicator no. 5 below. The communes with large land areas and high 
elevation are less vulnerable to climate change impacts and have higher adaptation 
capacity than those with small and low land areas.

5 Population density (persons/
Km2)

It indicates the vulnerability and adaptive capacity of the people in the communes. The 
more populated of population in the commune, the more vulnerable to climate change 
that commune faces.

6 Urban poverty (Slum 
population and population 
below the poverty line)

It is visibly aware that people residing in the slum areas are most vulnerable to climate 
change impacts because they are so poor and have limited access to hygiene and other 
urban services. It is also linked to poverty indicators showing that poor people most live 
in the slum area.

7 Percentage of urban areas 
susceptible to hazards 
(report of hazard communes)

Some communes are located in flood-prone areas and have limited infrastructure to 
support their population.

8 Urbanization trends and 
urban sprawl

As Cambodia had good economic growth of about 7% annually before the COVID-19 
pandemic, urban areas have experienced rapid development by expanding the urban 
area into suburban and outskirt surrounding areas. This has resulted in housing and 
supported infrastructure development like hotels, restaurants, recreation, and business 
centers. Urbanization trends and urban sprawl can be assessed by urban development 
by years, and annual land use change in the communes.

9 Education level It is used to assess the ability of the population in each commune who can cope with 
climate change. People with higher education have more diverse choices of livelihood 
opportunities than those with little education. The unit of analysis is based on the 
percentage of literacy and illiteracy in the commune.

10 Poverty (ID Poor I and II) It indicated the living conditions of inhabitants in the commune, and this can be 
interpreted the level of vulnerability and adaptive capacity of the people within the 
communes. The ID poor I and II are defined as those who live below the national poverty 
line. ID poor I households are very poor and homeless, while ID Poor II households are 
poor, but they still have poor settlement buildings and some jobs. These two categories 
are used for this assessment as data are available from communes.

11 Per capita GDP (per 
communes)

Similarly, with the above poverty indicator, GDP is good for measuring the adaptive 
capacity of people for communes, but data on GDP is homogenous among the 
communes.

12 Occupation It can be used to assess the vulnerability and adaptive capacity of people in communes. 
As commonly perceived, people engaged in agriculture-related and daily services are 
more vulnerable to climate change impacts than those with business and government 
services. Non-agriculture occupation means working in the service, government, 
business, and small enterprise.

Souce: Modified from Parikh et al. (2014) and Cutter and Finch (2008).

collected from commune development and investment 
plans and the Provincial Department of Planning. While 
the preliminary data like informal settlement, investment 
planning, disaster reduction, urban planning, social 
support system, etc. were gathered based on interactive 

meetings and discussions with relevant stakeholders, 
including local communities, provincial departments, 
civil societies, and private sectors. We constructed 
the tables of vulnerability and resilience matrices 
based on indicators from the secondary sources before 
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field validation was carried out to confirm the data 
on vulnerability and resilience with local communities 
and commune councilors. This exercise was conducted 
with twelve Sangkats (communes); each focused group 
discussion was held with between 6 to 10 persons from 
the communes of Siem Reap city to elaborate on each 
indicator with real situations happening in the Sangkats. 

These socio-economic indicators are analyzed using 
the MS Excel functions like mainly tabular forms to assess 
the level of vulnerability and resilience building. First, 
the relevant data were extracted from the commune 
database and entered into Excel formats for cleaning, 
review, and validation against other sources. Then the data 
were analysed by comparing the variables of each socio-
economic indicator between the communes. The data in 
tabular forms were consulted with commune authorities 
to explore their validity and accuracy so that analysis 
could be statistically comprehensive and acceptable. 
The preliminary result of this paper was presented 
to researchers and students sponsored by the Higher 
Education Improvement project (HEIP) during the workshop 
in the 3rd and 4th quarters of 2022 in Siem Reap and Kampot 
provinces. Constructive comments and suggestions from 
the participants were considered for improvement of the 
paper so that its quality has been improved to reduce the 
gap between data interpretation and the reality of urban 
climate vulnerability and resilience.

2. Findings and Results

2.1 Vulnerability and Resilience by Population 
Profile Indicators
The population profile indicators are the most important 
variables to assess the vulnerability and resilience 
measurement as they visualize the level of specific 
impacts of natural hazards and climate change impacts 
on the spatial scale of the population and economy. 
Particularly, the indicators help researchers clearly define 
population by age groups (including infants, teenagers, 
adults, and old people) and genders impacted by 
different urban climate hazard patterns. Table 1 presents 
the population profile indicators of Siem Reap city for 
twelve Sangkats (communes), which include the total 
population, age groups and sex ratios. These form the 
basis for assessing vulnerability and resilience building 
in the studied area.

As of 2022, the city has a total population of 268,710 
people (144,230 females) with an annual birth rate of 
3.2% with a total number of 53,574 households. In terms 
of the most vulnerable groups to climate change impacts 
(mainly by floods) for the population age groups of 0-5 
years old as infants and above 60 years old, Sangkat Sla 
Kram has the highest percentage of the population with 
ages of 0 to 5 years old at 17.12%, followed by Krabei 
Riel at 14.69% and Chong Khnies at 13.70%. At the same 
time, Teuk Vil and Kok Chak have a similar percentage 
of infants at 12.70%. For age groups above 60 years old 
population, Sla Kram has the highest rate (12.4%) of the 
older population, followed by Sala Kamreuk at 10.6% 
and Svay Dangkum at 10.2%. For the population with 
medium vulnerability (7_12 years old as older infants), 
Chong Khnies is considered to have a high percentage 
of the population (22.65%) falling within this category, 
followed by Sala Kamreuk at 20.86%, Sambuor at 20.44%, 
and Teuk Vil at 20.30%. Similarly, in terms of vulnerability 
by gender groups, Sangkat Siem Reap has the highest 
number of female population (121.8 females/100 males), 
followed by Krabei Riel (105.4 females) and Norkor Thom 
(104.4 females).

For urban resilience building by the adult population 
with strong power and labor forces to combat climate 
change impacts and movability, Sangkat Siem Reap 
possesses the highest percentage of the adult population 
at the rate of 63.7%, followed by Chhreav at 60.1%, 
Srangae at 59.90%, and Svay Dangkum at 55.7%, which 
represent more than half of total population within the 
commune. In terms of sex ratios, Sangkat Chong Khnies 
is seen to have more male population than female (100 
men/90.5 women), followed by Svay Dangkum (100 
men/98.2 women).

The demographic data for the total population in each 
commune can help distinguish the chance of exposure to 
climate change impacts in overall view it distinguishes 
the opportunity of exposure to climate change impacts. 

Fig. 3: The socioeconomic 
Indicator Framework for 
building urban climate 

resilience.

Fig. 3: The socioeconomic indicator framework for building urban 
climate resilience.

Source: adopted from Parikh et al. (2014) of HIGS conceptual framework of 
urban climate resilience).
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As in Table 2, the total population in Sangkat Sla Kram 
is the highest compared to other Sangkats (communes) 
in Siem Reap city, which indicates that this Sangkat is 
located in the central business area of the city, composed 
of the center of the local commerce, education, and 
administration makes it attractive to immigration from 
other communes in Siem Reap city. This Sangkat is most 
vulnerable to climate change impacts when extreme 
climate events occur. In comparison to the finding of 
(Hasan et al. 2017) in an Indian city, which defines 
town-level population and density as an explanatory 
agglomeration regression to population as a result of 
employment, infrastructure provisioning, amenities, 
expenditure, and social and educational services.

The population with age groups ranging from 0-5 years 
old, 6-11 years old, and over 60 years old are considered 
more vulnerable to climate change impacts due to their 
physical body challenges and low experiences (younger 
ages) and low power (for elder ages) in combating the 
climate change impacts because these age groups have 
less experience and knowledge to help themselves in the 
difficult situations of climate-related hazards, including 
floods, and droughts. The sex ratio provides a clear image 
of the gender perspective on socioeconomic vulnerability 
and building urban resilience. The high percentage of 
the female population in the city is considered the most 
susceptible to shocks caused by climate change impacts 
because they have relatively low inter-movability during 
climate extreme events, and they have triple household 
roles for society in terms of productive, reproductive, 
and community activities.

These age groups have a high risk of climate change-
related disasters due to their incapability of mobility 
and wealth to deal with the loss and damage in the 
aftermath. The vulnerable people were classified into 
main categories, such as elderly people who cannot 
generate income and have limited scale of critical 
nutrition requirements. They rely on the support of 
their relatives or neighbors to make their daily living. 
When their relatives encounter climate change impacts, 
the older people face similar problems. Normally, they 
have lost support from their family due to migration or 
death. Furthermore, poor households (especially ID Poor 
I and II) are susceptive to climate change disasters due to 
the decay of their housing materials or their settlement 
buildings being damaged. The observation shows that 
they cannot maintain their settlement due to their ages 
and poor financial conditions. Whether there is partial 
assistance from the local authority will not ensure they 
maintain the settlement. Another category of vulnerable 
people is homeless individuals who reside in slums or 
informal settlements. Their houses were normally built 
from straw or tin, less than 20 pieces. These houses 
were normally built on the edge of the roads or on 
private vacant land, which is not eventually favorable 
for undeclared residence. There is simultaneously 

maintenance as people have no sense of security in their 
living settlements. Most homeless people migrated from 
other provinces to find a job in Siem Reap city. Some of 
them asked for temporary settlement on old villagers’ 
land or grappling land in protected areas where they 
are risked being caught by APSARA authority and local 
authorities. The third category of vulnerable people is 
orphan children who do not own any property in the area. 
Most of them live with local people with low income, 
while some are unemployed and impoverished.

These groups (0_5 years and 6_11 years old) require 
high attention and support in the context of climate-
related disaster occurrence. It is important to generate 
a social working group to assist this group of people. In 
response to these issues, the Ministry of Women’s Affairs 
has created neary rattanak strategy phases: 1, 2, 3, 4, 
and 5 (MOWA, 2020) to address the number of people in 
poverty in the local community and support them during 
natural disasters. However, this strategy does not seem 
to practically work with older adults who are not under 
poverty circumstances. Still, they are highly vulnerable 
to climate change disasters in urban areas due to their 
limited mobility and accessibility. To deal with this 
problem, the local government must create an additional 
team to address older people with limited mobility and 
accessibility to provide support on time during climate 
disasters such as flooding, drought, or windstorms.

However, teenagers and the young population aged 
at 12 to 17 years old are moderately vulnerable to 
climate-related hazards, as they have acceptably strong 
physical health, and they can understand the message of 
common sense in early warning systems. The percentage 
of the population by age group helps understand the 
levels of vulnerability in each commune. Considering 
the age groups, Sangkat Chong khnies consists of a high 
percentage of young population (infants) in Siem Reap 
city, indicating that this Sangkat is highly vulnerable to 
climate change impact. While, Sangkat Sla Kram has a high 
percentage of older people who are most vulnerable to 
the impacts of climate change. According to Table 2, the 
sex ratio in communes of Siem Reap city varies from 90.5 
persons to 121.8 over a hundred men. The result in the 
table indicates that the communes located in the outskirt 
area of the city have a high ratio of women working in 
the agricultural and tourism sectors. The highest sex 
ratio of the female population in Siem Reap commune, 
which consists of 121.8 women in hundred men, makes 
this commune more vulnerable to climate change.

2.2 Vulnerability and resilience by development 
indicators
The commune with a small land area located in low 
elevation is more vulnerable to climate change impacts 
than those with larger land areas and higher height 
because they are easily flooded during rainy season. 
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The urban development is seen quickly expanding to 
the outskirts of the city, especially Sangkats located in 
the east, west, and north of the Siem Reap city center. 
And five Sangkats situated in the flood plain of Tonle Sap 
Great Lake. Fig. 1 shows map of Siem Reap city. These 
are considered directly vulnerable to floods in the wet 
season when the lake receives water from surrounding 
rivers of its catchment and Mekong mainstream. The 
rapid expansion of urban areas to floodplain areas have 
the most increased risks of climate change impacts 
because there is an insufficient number of supporting 
infrastructures to absorb flash flood and hygiene 
conditions. Some parts of Siem Reap city still consist of 
slum dwellers with a low capacity to cope with climate 
change impacts when extreme events occur.

The Sangkats in the city center has more population 
density than those in the outskirts areas. For instance, 
Sangkat Sla Kram has the highest population density 
at the rate of 4,263.3 persons per square Kilometer, 
followed by Sala Kamreuk at 1,802.9 persons/Km2 and 
Svay Dangkum at 1,191.3 persons/Km2. But these Sangkats 
have relatively small areas of land, ranging from 1,200 ha 
for Sla Kram, 1,398 ha for Sala Kamreuk, 3,380 ha for Svay 
Dangkum, and 2,694 ha for Sambuor with a population 
density of 267.7 persons/Km2 (Table 3).

In terms of slum areas in Siem Reap City, Sangkat 
Sla Kram has the highest rate of households residing in 
slums at 19.86%, followed by Norkor Thom with, as low as 
3.18% that are located in the city center. Sangkat Sragnae 
has the biggest number of households (132 households) 
susceptible to climate hazards, followed by Krabei Riel 
(130 households), Sala Kamreuk with 120 households, 
and Svay Dangkum with 118 households. Concerning 
urbanization trends, as high as 98.9% of the total land 
area of Sangkat Sala Kamreuk is an urban settlement 
area with housing, a business center, and supported 
infrastructure, followed by Svay Dangkum at about 88%, 
Krabei Riel at 65%. These Sangkats have little space for 
recreation and green space to cope with events of climate 
change, meaning that they are more vulnerable to climate 
change impacts than those with large green areas.
For the urban climate resilience regarding the total 
land area of the Sangkats (communes) in the Siem Reap 
municipality, Krabei Riel has the largest land area of 
about 190 Km2, followed by Kok Chak at 135 Km2. At 
the same time, Chong Khnies and Chhreav have a total 
land area of less than half of Sangkat Kok Chak at about 
73 and 57 Km2, respectively. The large land areas are 
considered to be more resilient than other Sangkats in 
terms of green space, wetlands for water pooling, and 
high mobility when there are extreme climate events. 
Regarding population density, Krabei Riel is seen to be 
the least populated (49.4 persons/Km2) compared with 
other Sangkats within Siem Reap town. While Sangkat 
Chong Khnies and Norkor Thom still have relatively low 
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population density at 103.5 and 180 persons/Km2, they 
still have many opportunities and resources to develop 
themselves by integrating climate resilience measures. 
There is no slum community in Sangat Sambuor and Chong 
Khnies, meaning that no households live within the public 
land, while Sangkat Sala Kamreuk has a slightly smaller 
number of households residing in slum areas. However, 
it has a higher population density than Sla Kram. Sangkat 
Siem Reap has little number of urban poor families (37 
HH) susceptible to climate hazards. However, it has a high 
population density (832 persons/Km2), among the highest 
of Sla Kram and 46 poor households most vulnerable 
to climate hazards. Chong Khnies has the lowest urban 
settlement area at 0.3%, with a large land area third 
after Sangkat Krabei Riel and Kok Chak, followed by 
Teuk Vil at 0.9%, which indicates that these Sangkats are 
more resilience to climate change impacts. It is a fact 
that Sangkat Chong Khnies is located in the floodplain 
area of Tonle Sap Lake, where infrastructure, housing, 
and business center development are hard to achieve. 
The largest part of Sangkat Teuk Vil is located in the 
Angkor Wat heritage site and in West Baray, where urban 
development is not allowed. These Sangkats are excellent 
for applying nature-based solutions in Siem Reap town.

The level of vulnerability and resilience here is 
reflected by land-use indicators and the trend of 
development. The analysis of exposure by development 
is explained by the surface area of urban expansion 
trends, including population density and urban poverty 
which is measured by the number of households living 
on the public land. According to (Parikh et al., 2014), the 
urban poor have a highly vulnerable chance to climate-
related disasters in both direct and indirect ways. They 
are vulnerable to macro scale economic shocks due to 
their low capacity in income generation, with consequent 
impacts on access to food, housing, services, and health 
care. These people live in informal settlements on public 
land and often have no choice but to live in areas that 
are particularly exposed to climate hazards and lack of 
resilience infrastructure such as drainage and sanitation. 
They also have poorly constructed housing with low 
tenure security, making them easily suffer and become 
desperate after disaster events. Economically, they 
may not be able to get recover in a short time which 
keeps them in a cycle where they cannot build their 
adaptation to cope with the shocks of climate change. 
Lack of safety nets and social and institutional support 
systems, including health insurance, property rights, and 
tenure, increases the potential for the vulnerability of 
the urban poor.

The analysis displays total land areas and population 
density by each commune in Siem Reap City can point 
out the grid of vulnerable impacts and possible shocks 
that are caused by climate hazards on the urban poor. In 
addition, the number of households living on public land, 

and the number of people who live on public land and 
the number of people susceptible to climate change are 
closely associated with climate change vulnerability and 
resilient capacity. Table 3 of the population density and 
total land area help visualize the expansion of Siem Reap 
City and urbanization trend that help urban planners and 
policymakers build a sustainable plan to respond to the 
needs of urban sustainability and resilience in this city. 
The size of the land surface in each commune varies in 
hectares the largest commune is Sangkat Krabei Riel, 
covering a land surface of 19,014 hectares, and the 
smallest commune is Sangkat Sla Kram, having a land 
surface area of 1,200 hectares. The land size can indicate 
the socioeconomic data for climate resilience assessment. 
Population density in Siem Reap city varies from 40 
persons/km2 to 4,500 persons/km2 (Table 3). For instance, 
the Sla Kram commune has the highest population density, 
up to 4,263.3 persons/km2, which has a high vulnerability 
rate toward climate change regarding movability and 
accessibility. In contrast, Krabei Riel commune has the 
lowest population density at 49 persons/km2 and is less 
vulnerable to climate change impacts.

The number of urban slums is the percentage of 
households living on public or private-conflicting land 
plots. In each commune of Siem Reap City, this number 
of slums varies by levels of income generation activity 
and location. It is ranking from 0.94% in Teuk Vil commune 
to 19.80% in Sangkat Sla Kram. Sangkat Sla Kram is 
located in the main part of Siem Reap city. It is the most 
happening place with diverse economic activities and 
income generation opportunities, attracting many poor 
urban individuals to reside. However, Teuk Vil commune 
has the least urban poor due to the location and income 
generation opportunities. This commune is located in the 
remote area of Siem Reap City the heritage site, namely 
Angkor Wat, so there are fewer. It is close to heritage 
site, namely Angkor Wat, so there are fewer economic 
and income generation opportunities. Most economic 
activities in Teuk Vil commune are agricultural, so there 
are little slum households in this commune. It is visibly 
aware that people residing in the slum area are most 
vulnerable to climate change impacts because they are 
so poor and have limited access to hygiene and other 
urban services. It is also linked to the poverty indicator, 
showing that poor people mostly live in the slum area. 
The number of urban poverty is different in communes 
of Siem Reap city.

As Cambodia had a good economic growth of about 
7% annually before the COVID-19 pandemic, urban 
areas in the country in particular Siem Reap City, have 
experienced rapid development by expanding the urban 
area further into suburban and surrounding outskirt areas 
that used to be rice field and wetlands. This has resulted 
in booming housing, and supported infrastructure 
development like hotels, restaurants, recreation, and 
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business centers. Urbanization trends and urban sprawl 
can be evaluated by yearly urban accumulation and 
annual change of land use in the communes, pinpointing 
that the areas are more vulnerable to climate change.

2.3 Vulnerability and resilience by education, 
poverty and occupation indicators
This is the third part of the results for the study of urban 
climate resilience building in Siem Reap City using the 
HIGS framework’s socioeconomic indicators. It focuses 
on analyzing vulnerability variables such as education, 
poverty and occupation in relation to the assessment of 
vulnerability and resilience creation. Education data is 
presented by the percentage of illiteracy and number of 
students at the university level, which are so important 
to understand the level of vulnerability reduction and 
resilience building. In addition, ID poor, GDP per capita, 
and Occupation data analysis provides clear information 
for identifying the level and location of adaptation 
capacity and vulnerability reduction in communes of 
Siem Reap City. The occupations in Siem Reap city are 
classified into three main categories: 1) the agricultural 
sector encompassing on-farm income generation 
activities including crop production, animal husbandry, 
and aquaculture; 2) non-farm activities including 
construction and garment workers, individual business 
people such as sellers of consumable commodities in the 
city markets; and 3) the service sector which includes 
tourism, transportation, and other services (Table 4).

Among those variables, education in Siem Reap city 
is classified into primary, secondary, and high school 
for general education and higher education (university 
level). After educational reform in Cambodia, the Royal 
Government of Cambodia has encouraged students 
to complete at least grade 9 by providing free public 
education services. However, there is the high rate of 
dropout in 1st to 5th grades (primary school) due to many 
reasons, including poverty, migration, and other issues. 
In this context, the analysis of education has included 
the percentage of illiteracy in the vulnerability and 
resilience-building assessment. It is perceived that people 
with higher education have more diverse choices of 
livelihood opportunities than those with little education. 
Most communes in Siem Reap city have high rates of 
literacy. As a result, Sangkat Chong Khnies has high 
percentage of illiteracy rate at 23.3%, followed by Krabei 
Riel at 2.2% (Table 4), which indicates low capacity in 
receiving training on climate vulnerability reduction and 
resilience building for these two Sangkats, particularly 
Sangkat Chong Khnies. 

The total number of students who managed to get into 
university education in Chong Khnies commune is only 24, 
for which many people (total population of 8,484 persons) 
are vulnerable to climate change impacts. The number 
of university students in this Sangkat is the smallest 
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compared to other Sangkats in Siem Reap City. In Chong 
Khnies, (Ntenda, 2019) conducted a study of livelihood 
assessment, which showed that most of the population 
in Chong Khnies has extreme illiteracy, explaining that 
most of the participants could not evaluate their income 
and expenditure in their own household. In the same 
way, this research found a high number of illiteracy 
people in Chong Khnies commune, which proves that 
people in this commune are highly vulnerable to climate 
change impacts due to their low capacity in planning 
and receiving training on climate change adaptation. In 
contrast, Sangkat Kok Chak has the highest number of 
university students (2,433 persons), followed by Sangkat 
Svay Dangkum and Sala Kamreuk, which shows that these 
Sangkats have more resilience ability than other Sangkats 
in Siem Reap city. 

In terms of poverty rates (ID Poor I and ID Poor II) for 
Siem Reap city the vulnerability dimension, Sangkat Sla 
Kram has the highest rate of ID Poor I people at 5,095 
persons, followed by Sangkat Kok Chak and Svay Dangkum 
at 4,933 and 2,024 persons, respectively. Additionally, 
Sangkat Kok Chak commune has the highest number of 
ID Poor II people at 6,450 persons, followed by Sangkat 
Chong Khnies at 4,650 persons and Sangkat Siem Reap 
at 2,761 persons. To sum up, ID Poor I and II, Sangkat 
Kok Chak, has the highest number of poor people as 
this commune is located in the Angkor Wat heritage 
site in West Baray reservoir and is vulnerable to flood 
impacts. They lack income generation skills and capacity 
in the area to cope with climate change. Practically, ID 
poor I refers to poor households living in the downtown 
area, and ID poor II refers to poor people inhabiting the 
outskirts of Siem Reap city center where they have basic 
shelters for living, but their daily incomes are below the 
national poverty line. Generally speaking, poor people 
are always vulnerable to the shocks of climate change 
hazards. With high poverty rates and low education may 
put local people with a low ability to build strong climate 
resilience (Parikh et al., 2014).

Given our consideration of vulnerability and resilience, 
GDP per capita is another criterion of its measurement. 
GDP in Siem Reap city is ranked from USD 1,577.9 per 
year to USD 1,625.24. People in Sangkat Kok Chak, Svay 
Dangkum, and Sla Kram have more income than those in 
other Sangkats, and in terms of climate resilience, these 
three Sangkats are less vulnerable to climate change as 
they have more finance to cope with climate change. 
This figure can reflect the obvious capacity of local 
assessment the source of climate-related disasters, such 
as flooding from rivers, streams or rainfall so that they 
can invest in structural urban flood defenses (GFDRR, 
2022).

As commonly perceived, people engaged with 
agriculture-related and daily services are more vulnerable 
to climate change impacts than those with business 

and government services. Table 4 presents the key 
occupations of people in Siem Reap city. Sangkat Krabei 
Riel possesses the highest number of people engaged 
in agriculture activities at 72% among the communes in 
Siem Reap City, followed by Sangkat Chhreav at 53.4% and 
Sambuor at 52.9%. These communes are more vulnerable 
to climate change impacts, especially those caused by 
floods and droughts. Geographically, the communes 
are located in the floodplain area of Tonle Sap Great 
Lake, where people have engaged in farming activities 
for generations, and in recent decades the housing and 
commercial center development has just expanded into 
the communes because the city center has become 
crowded and expensive land price. For the services, 
Sangkat Norkor Thom composes the lowest number of 
people engaged in income generation by the services 
sector at about 14.7 persons per thousand people of the 
commune. In contrast, about 63.2% of its people have 
been involved in non-agriculture activities, followed by 
Chong Khnies at 20.4%. In contrast, Sangkat Sragnae has 
the highest number of people (312.3 persons/thousand) 
in the services sector. Sangkat Sla Kram encompasses as 
high as 96.7% of its people engaged in non-agriculture, 
followed by Sala Kamreuk and Svay Dangkum at 93.8 
and 89.5%, respectively. This can be interpreted that 
the people in these Sangkat have a high capacity to 
cope with climate change impacts, meaning that they 
are more resilient to climate change impacts within the 
city of Siem Reap.

The vulnerability assessment on main jobs shows 
a relatively high percentage of the agricultural sector 
(about 36%) contributing towards the income source of 
Siem Reap city. The agricultural sector normally relies on 
rainfed and irrigation systems that are highly vulnerable 
to climate change. To respond to this vulnerability, 
smart climate agricultural practices must be applied 
to increase efficiency and reduce climate change risk 
in the agricultural sector. Smart agricultural practices 
include crops and animal genetic selection, smart climate 
application for monitoring the requirement of water, 
fertilizer, and application of pesticides in a sustainable 
way. With the new technology approach and resilient 
practices such as smart climate agricultural practices, 
farmers can increase both the quality and quantity of 
agricultural production to support the needs of Siem 
Reap city citizens.

3. Conclusion and Policy Implication 
This study systematically undertaken to assess the 
dimensions of vulnerability and resilience capacity of 
Siem Reap City by using the three sets of socio-economic 
indicators, namely population profiles or demographic 
profiles (total population, age groups, and sex ratio); 
development indicators (total land area, population 
density, percentage of urban slum, urban households 
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susceptible to climate change, and percentage of 
urbanization); and education-poverty-occupation 
indicators (percentage of illiteracy, university students, 
poverty levels such as ID Poor I and ID Poor II family, and 
GDP/capita, and occupation encompassing of percentage 
of population engaged in agriculture, non-agriculture, and 
services per thousand persons). These indicators are used 
as basic analysis to assess the vulnerability and resilience 
of inhabitants in Siem Reap municipality based on the 
statistical data gathered from the Siem Reap Provincial 
Department of Planning and interactive consultations with 
Siem Reap municipality relevant officials and commune 
councilors. The study has found that Siem Reap City is 
highly vulnerable to climate change impacts, especially 
flash floods from Siem Reap River and its tributaries, 
and the influence of Tonle Sap Lake flood during the 
wet season. However, some communes (Sangkats) in the 
city are most highly vulnerable to floods. For instance, 
Teuk Vil, Chong Khnies, Srangae, Chreav, Sambour, and 
Svay Dangkum because the last five communes are 
located in flood-prone areas of Tonle Sap lake, and Teuk 
Vil is situated in Baray area (Angkorian reservoir). The 
population of younger age groups and elders age above 60 
years is physically vulnerable to climate change-induced 
impacts and disasters, for instance, in Sangkat Sla Kram, 
Krabei Riel, and Chong Khnies. 

In terms of development indicators, Sangkat Sla 
Kram has a high percentage of urban slum households 
with the highest population density and smallest area of 
total land area, but it has a small number of poor urban 
households vulnerable to climate hazards. In addition, 
Sangkat Srangae has the highest number of urban poor 
households susceptible to climate hazards, followed by 
Sangkat Krabei Riel and Sala Kamreuk. Almost 99% of 
the total land area in Sangkat Sala Kamreuk is composed 
of urban housing and commercial buildings, and 90% of 
Sangkat Svay Dangkum, indicating that there is little 
space for green infrastructure in support of preventive 
disaster and adaptation measures when extreme climate 
change events occur. The assessment of vulnerability 
based on education, poverty, and occupation indicators, 
Siem Reap city is partially vulnerable due to the non-
balance of socioeconomic development. Some communes 
have different scales of dependence on farming and non-
agriculture occupations. For instance, the contribution 
of agriculture as the main career provision in Siem Reap 
city is fairly high if compared with other occupational 
sectors, which means that agriculture is more vulnerable 
to the impacts of climate change. 

In conclusion, the analysis of variables of socioeconomic 
indicators in the HIGS framework for urban vulnerability 
and resilience building shows that Siem Reap City 
is vulnerable to climate change, which means some 
interventions of specific sectors of socioeconomic 
development are to be promoted. It is required that 
Siem Reap City authorities enhance the socio-economic 
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development plans to make a balanced local economic 
development in each commune that ensures there is 
well kept and distribution of the entire city of Siem 
Reap and communes. In addition, the priority support 
programs should be made available to those who are most 
vulnerable to climate change impacts and disasters like 
children and elderly people. The balanced development 
should also be made for the communes (Sangkats) that 
are vulnerable to climate change impacts, especially the 
green infrastructure, social services, and job creation and 
livelihood diversification for vulnerable groups, which 
help reduce the vulnerability of urban areas to climate 
threats and also key factors for the enhancing response 
capacity and adaptation of the city, or scalling up small, 
more local and city-based climate actions. 

The study has provided key issues of urban climate 
change by using socioeconomic indicators. The framework 
is useful for socio-enomic development by generating 
appropriate data and information for decision and policy 
makers, particularly the city planning resilient to climate 
change impacts and relevant sectoral development 
planning. The conclusion of vulnerability assessment 
and resilient building in Siem Reap City may be limited 
as other indicators like climate hazards, infrastructure, 
and governance have not been included. The future 
study should consider all the HIGS framework indicators 
for comprehensive analysis. Getting in-depth data for 
specific issue identification and solution for urban climate 
resilience is important.

Acknowledgements
The authors wish to acknowledge financial support of 
Higher Education Improvement Project of the Royal 
Government of Cambodia’s Ministry of Education, Youth 
and Sport. Special thanks go to Royal University of 
Phnom Penh, Cambodia Institute for Urban Studies, and 
concerned Siem Reap provincial authorities, especially 
Siem Reap Municipality and local communities for field 
work and administrative support. Authors have indebted 
to anonymous peer reviewers who provided constructive 
feedback to improve the article publishable. 

Declaration of competing interest
The authors declare that they have no competing 
interests. All authors have read and approved the final, 
published version of the manuscript.

Credit authorship contribution statement
Sophat Seak: research design, data collection and 
analysis, writing draft, reviewing and editing. Lyna Khan: 
data collection, preparing the draft of article, reviewing 
and revising. Vin Spoann: Reviewing, commenting and 
editing. Chandara Phat: research design, data collection, 
reviewing, editing. Kimseng Choeun: Reviewing, editing. 

Sreynoch Seak: data collection and analysis, map 
processing, reviewing, editing. All authors have read 
and agreed to the published version of the manuscript.

All authors have read and agreed to the published 
version of the manuscript.

References
Accius, J., & Joo, Y. S. (2019). The longevity economy outlook: 

How people ages 50 and older are fueling economic growth, 
stimulating jobs, and creating opportunities for All. 
Washington, DC: AARP Thought Leadership.

Barton, J. R. (2013). Climate change adaptive capacity in 
Santiago de Chile: Creating a governance regime for 
sustainability planning. International Journal of Urban and 
Regional Research, 37(6), 1916–1933.

Bhattarai, K, & Conway, D. (2010). Urban vulnerabilities in 
the Kathmandu Valley, Nepal: visualizations of human/
hazard interactions. Journal of Geographic Information 
System, 2, 63-84.

Cutter, S.L., & Finch, C. (2008). Temporal and spatial changes 
in social vulnerability to natural hazards. Proceedings of 
the National Academy of Sciences of USA, 105(7), 2301-6.

DoP. (2021). Annual commune statistical database 2019, 
Siem Reap Provincial Department of Planning, Siem Reap 
Province, Cambodia. 

Gupta. R.K., Kapoor, P., & Goel, V. (2015). Flood control 
management in Siem Reap River basin in Cambodia by 
revival of ancient structures of 10th century. International 
Commission on Irrigation and Drainage, the 26th Euro-
mediterranean Regional Conference and Workshops « 
Innovate to improve Irrigation performances » 12-15 
October 2015, Montpellier, France.

Haase, D., Larondelle, N., Andersson, E., Artmann, M., 
Borgström, S., Breuste, J., Gomez-Baggethun, E., Gren, 
Å., Hamstead, Z., Hansen, R., Kabisch, N., Kremer, P., 
Langemeyer, J., Rall, E. L., McPhearson, T., Pauleit, S., 
Qureshi, S., Schwarz, N., Voigt, A., … Elmqvist, T. (2014). A 
Quantitative review of urban ecosystem service assessments: 
Concepts, models, and implementation. AMBIO, 43(4), 
413–433. https://doi.org/10.1007/s13280-014-0504-0.

Hasan, R., Jiang, Y., & Rafols, R. M. (2017). Urban agglomeration 
effects in India: Evidence from town-level data. Asian 
Development Review, 34(2), 201–228. https://doi.
org/10.1162/adev_a_00100.

Horton, A. J., Triet, N. V. K., Hoang, L. P., Heng, S., Hok, 
P., Chung, S., Koponen, J., & Kummu, M. (2022). The 
Cambodian Mekong floodplain under future development 
plans and climate change. Natural Hazards and Earth 
System Sciences, 22(3), 967–983. https://doi.org/10.5194/
nhess-22-967-2022

Huedo, P., Ruá, M.J., Florez-Perez, L., & Agost-Felip, R. 
(2021). Inclusion of gender views for the evaluation and 
mitigation of urban vulnerability: A case study in Castellón. 
Sustainability, 13, 10062.

IPCC (2022).  Six th assessment  repor t.  Geneva: 
Intergvoernmental Panel on Climate Change, Working 
Group II on Impacts, Adaptation and Vulnerability.

IPCC. (2018). Fourth assessment report. Geneva: 
Intergvoernmental Panel on Climate Change, Working 
Group II on Impacts, Adaptation and Vulnerability.

IPCC. (2019). 2019 Refinement to the 2006 IPCC guidelines 

https://doi.org/10.1007/s13280-014-0504-0
https://doi.org/10.1162/adev_a_00100
https://doi.org/10.1162/adev_a_00100
https://doi.org/10.5194/nhess-22-967-2022
https://doi.org/10.5194/nhess-22-967-2022


SEAK et al. The Cambodia Journal of Basic and Applied Research, 5(2) 2023

47

for national greenhouse gas inventories Volume 1: General 
guidance and reporting. IPCC. https://www.ipcc-nggip.iges.
or.jp/public/2019rf/vol1.html

Jha, A. K., Miner T. W., & Stanton-Geddes Z., eds. (2013). 
Building urban resilience: Principles, tools, and tractice. 
Directions in Development. Washington, DC: World Bank. 
doi:10.1596/978-0-8213-8865-5. License: Creative Commons 
Attribution CC BY 3.0.

Lankao, P. R., & Qin, H. (2011). Conceptualizing urban 
vulnerability to global climate and environmental change. 
Current opinion in environmental sustainability, 3(3), 
142-149.

McGranahan, G., Bal, K. D., & Anderson, B. (2007). The rising 
tide: assessing the risks of climate change and human 
settlements in low elevation coastal zones. Environ Urban, 
19(1):17-37.

Merkel, A. (2022, December 23). Siem Reap climate, 
Cambodia. https://en.climate-data.org/asia/cambodia/
siem-reap/siem-reap-3168/.

Middleton, C., & Krawanchid, D. (2014). Urbanization and 
sustainable development in the Mekong Region. In: Lebel 
L., Chu T.H., Krittasudthacheewa C. &and Daniel R. (Eds.) 
Climate risks, regional integration and sustainability in the 
Mekong Region. Stockholm Environmental Institute, Kuala 
Lumpur and Bangkok, pp. 72- 96.

Ministry of Environment (MOE). (2006). Cambodian national 
adaptation programme of action to climate change (NAPA). 
Phnom Peh, Cambodia. 

Moser, C., & Satterthwaite, D. (2008). Towards pro-poor 
adaptation to climate change in the urban centres of low- 
and middle-income countries. International Institute of 
Environment and Development: London, Uk. http://www.
iied.org/pubs/display.php?o=10564IIED

MOWA. (2020). Neary Rattanak V five years strategic plan 
for strengthening gender mainstreaming and women’s 
empowerment 2019-2023. Ministry of Women’s Affairs. 
https://www.mowa.gov.kh/wp-content/uploads/2021/02/
Neary-Rattanak-V-final-Eng.pdf

National Institute of Statistics, Ministry of Planning. (2021). ID 
Poor [Government Homage]. Poor ID. https://app.idpoor.
gov.kh/public-data-query#publicindividualdata

Nop, S., & Thornton, A. (2019). Urban resilience building 
in modern development: Aa case of Phnom Penh City, 
Cambodia. Ecology and Society 24(2):23. https://doi.
org/10.5751/ES-10860-240223. 

Ntenda, K. (2019). Cambodian iInland fisheries communities 
alternative livelihoods assessment across four provinces: 
Tonle Sap (Siem Reap, Kampong Thom, Kampong Chhnang) 
and Mekong (Kratie) Regions (p. 79) [Final Report]. Regional 
Solutions.

Nyahuma-Mukwashi, G., Chivenge, M., & Chirisa, I. (2021). 
Children, urban vulnerability, and resilience. In The 
Palgrave Encyclopedia of urban and regional futures. 

Palgrave Macmillan, Cham. 
Pal, I., Dhungana, G., Baskota, A., Udmale, P., Gadhawe, M.A., 

Doydee, P., Nguyen, T.T.N., & Sophat, S. (2023). Multi-
hazard livelihood security and resilience of lower Mekong 
basin communities. Sustainability, 15, 8469. https://doi.
org/10.3390/su15118469.

Parikh, J., Sandal, G., & Jindal, P. (2014). Vulnerability 
profiling of cities: A framework for climate-resilient urban 
development in India. Asian Cities Climate Resilience, 
Working Paper Series 8: 2014: International Institute for 
Environment and Development. https://www.iied.org/
sites/default/files/pdfs/migrate/10657IIED.pdf

Qiandong, Z., & Song Xin, S. (2022). Analysis of existing 
problems and treatment methods of urban environmental 
monitoring. Journal of Environmental Science and 
Engineering A (11): 49-54.

Roggema, R. (Ed.). (2020). Designing sustainable cities. Springer 
International Publishing. https://doi.org/10.1007/978-3-030-
54686-1.

Sa, K. (2017). Urban climate vulnerability in Cambodia: A case 
study in Koh Kong Province. Economies, 5,(41). https://
doi:10.3390/economies504004.

Satterthwaite, D.; Huq, S.; Pelling, M.; Reid, H.; and Lankao, 
P. R. (2007). Adapting to climate change in urban areas: 
The possibilities and constraints in low- and middle-
income nations. London, UK: International Institute for 
Environment and Development (IIED). 

Taylor, J., Lassa, J. (2017). How can climate change 
vulnerability assessments best impact policy and planning? 
Lessons from Indonesia. In Archer, D., Colenbrander, S., & 
Dodman, D. (ed.). Responding to climate change in Asian 
Cities: Governance for a more resilience urban future (pp. 
108-123). Earthscan from Routledge.

UNEP. (2007). Cities and urban vulnerability in the context of 
urban environmental management. Japan.

Wahba-Tadros, S. N., Wellenstein, A., Das, M.B, Palmarini, 
N., D’Aoust, O.S., Singh, G., Restrepo C., P., Goga, S., 
Terraza, H.C., Lakovits, C., Baeumler, A.E.N., & Gapihan, 
A.T. (2020). Demographic trends and urbanization (English). 
Washington, D.C.: World Bank Group.

World Bank. (2020). Demographic trends and urbanization. 
Washington, DC: World Bank. https://documents1.
worldbank.org/curated/en/260581617988607640/pdf/
Demographic-Trends-and-Urbanization.pdf.

World Food Programme (WFP). (2020). Situation report 
No. 5 –Floods in Cambodia by humanitarian response 
forum. https://www.humanitarianresponse.info/sites/
www.humanitarianresponse.info/files/documents/files/
hrf_sitrep_no5_21-oct-20.pdf.

World Food Programme (WFP). (2019, April 1). Cambodia 
administrative boundaries level 1 (Provinces). WFP GeoNode. 
https://geonode.wfp.org/layers/geonode%3Akhm_adm1_un

https://www.ipcc-nggip.iges.or.jp/public/2019rf/vol1.html
https://www.ipcc-nggip.iges.or.jp/public/2019rf/vol1.html
https://en.climate-data.org/asia/cambodia/siem-reap/siem-reap-3168/
https://en.climate-data.org/asia/cambodia/siem-reap/siem-reap-3168/
https://www.mowa.gov.kh/wp-content/uploads/2021/02/Neary-Rattanak-V-final-Eng.pdf
https://www.mowa.gov.kh/wp-content/uploads/2021/02/Neary-Rattanak-V-final-Eng.pdf
https://www.iied.org/sites/default/files/pdfs/migrate/10657IIED.pdf
https://www.iied.org/sites/default/files/pdfs/migrate/10657IIED.pdf
https://doi.org/10.1007/978-3-030-54686-1
https://doi.org/10.1007/978-3-030-54686-1
https://documents1.worldbank.org/curated/en/260581617988607640/pdf/Demographic-Trends-and-Urbanization.pdf
https://documents1.worldbank.org/curated/en/260581617988607640/pdf/Demographic-Trends-and-Urbanization.pdf
https://documents1.worldbank.org/curated/en/260581617988607640/pdf/Demographic-Trends-and-Urbanization.pdf
https://www.humanitarianresponse.info/sites/www.humanitarianresponse.info/files/documents/files/hrf_sitrep_no5_21-oct-20.pdf
https://www.humanitarianresponse.info/sites/www.humanitarianresponse.info/files/documents/files/hrf_sitrep_no5_21-oct-20.pdf
https://www.humanitarianresponse.info/sites/www.humanitarianresponse.info/files/documents/files/hrf_sitrep_no5_21-oct-20.pdf
https://geonode.wfp.org/layers/geonode%3Akhm_adm1_un

	Introduction
	Materials and Methods
	Materials
	Methods

	bookmark=id.gjdgxs
	_Hlk126654156

