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Climate change poses additional obstacles to poverty eradication and social justice. Rising
temperatures, abnormal rainfall increases, storms, floods, and droughts have become
more frequent and severe phenomena in Vietnam. This causes serious consequences for
the livelihood security of the poor. Binh Chanh district (Ho Chi Minh City) is an area subject
to severe risks of climate change in theMekong River Delta, Vietnam. Here, the low-income
groups are the most vulnerable because their adaptive capacity is still limited and low. This
study uses the livelihood vulnerability index (LVI) to assess the level of vulnerability to
climate change in households and communes in the Binh Chanh district. LVI includes three
components: exposure (E), sensitivity (S), and adaptive capacity (AC) based on 23
indicators selected by reviewing the literature and consulting with experts. The article
also conducted surveys with 931 households in 16 administrative communes in Binh
Chanh for primary data. The research results showed that Tan Kien and An Phu Tay
communes have the highest level of vulnerability since they are areas with mainly low-lying
terrain and contiguous location rivers; the people in these towns are also vulnerable groups
because they do not have a stable source of income, skills, and have low education and
experience in climate change adaptation. The study also proposes some solutions to
improve the capacity to adapt to climate change of vulnerable communes specifically: 1)
creating diversified livelihoods with stable incomes; 2) deploying community-based climate
change adaptation models for communes adjacent to rivers; 3) implementing adaptive
agriculture and improving social capital for vulnerable households; 4) building resettlement
areas for households heavily affected by disasters; and 5) raising awareness among low-
income households to respond to natural hazards in the context of climate change.
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INTRODUCTION

Climate change has impacted so many communities, making them exposed to increasing threats and
becoming more vulnerable. In the years to come, climate change will become more apparent and will
spell disaster for many communities (IPCC 2007; ADB 2015; UNDRR 2019; World Bank 2020). For
effective adaptation planning, scientific analyses of climate change in a macro context are essential
(Garschagen 2013; Moe and Pathranarakul 2016; Mojtahedi and Oo, 2017). However, at the local
level, it is the analysis and conclusions of regional stakeholders that provide the most relevant
information and knowledge (Eakin and Bojorquez, 2008; Adger et al., 2009; Below et al., 2012;

Edited by:
Kun Guo,

University of Chinese Academy of
Sciences, China

Reviewed by:
Zhewen Liao,

Beijing Financial Holdings Group,
China

Hui Liu,
China Institute of Water Resources
and Hydropower Research, China

*Correspondence:
Tran Tho Dat

tranthodat@neu.edu.vn

Specialty section:
This article was submitted to

Environmental Economics and
Management,

a section of the journal
Frontiers in Environmental Science

Received: 21 February 2022
Accepted: 16 May 2022
Published: 28 June 2022

Citation:
Truong DD, Dat TT, Hang ND and

Huan LH (2022) Vulnerability
Assessment of Climate Change in

Vietnam: A Case Study of Binh Chanh
District, Ho Chi Minh City.

Front. Environ. Sci. 10:880254.
doi: 10.3389/fenvs.2022.880254

Frontiers in Environmental Science | www.frontiersin.org June 2022 | Volume 10 | Article 8802541

COMMUNITY CASE STUDY
published: 28 June 2022

doi: 10.3389/fenvs.2022.880254

http://crossmark.crossref.org/dialog/?doi=10.3389/fenvs.2022.880254&domain=pdf&date_stamp=2022-06-28
https://www.frontiersin.org/articles/10.3389/fenvs.2022.880254/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.880254/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.880254/full
http://creativecommons.org/licenses/by/4.0/
mailto:tranthodat@neu.edu.vn
https://doi.org/10.3389/fenvs.2022.880254
https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://doi.org/10.3389/fenvs.2022.880254


Kootval et al., 2015). Indigenous knowledge is also a reliable
source of information, serving as a basis for policymaking and
influencing policy. To ensure that development programs reduce
people’s vulnerability to the effects of climate change, it is
imperative that we understand who is vulnerable and why. We
must then apply this information to design, implement, monitor,
and evaluate activities (Cutter et al., 2003; Ford and Smit 2004;
Vincent 2007; Deressa 2010).

Vietnam is one of the five countries most heavily affected by
climate change (ADB 2013; ADPC 2021). In Vietnam, Ho Chi
Minh City (HCMC) in the Mekong Delta is the economic engine
of the country. However, according to the World Bank (2020),
this is also the most vulnerable area to climate change due to its
natural, economic, and social characteristics (Bubeck et al., 2012;
Chau et al., 2013; Hung et al., 2014; Zevenbergen et al., 2018).

Binh Chanh district is a suburban district of HCMC with a
convenient river system for agricultural development and waterway
traffic. However, due to low-lying terrain, adjacent to large rivers,
Binh Chanh is one of the districts at the highest risk of vulnerability
to climate change, in which low-income households (poor and near-
poor families) are the most affected because they have few resources
and conditions to maintain and adapt to climate change (UNDP
2015; World Bank & GFDRR 2018, HCMC People Committee
2020). In recent years, the Binh Chanh district has been heavily
affected by natural disasters and sea-level rise. The frequency of
heavy rain tends to increase and concentrate in the rainy season,
causing flooding and narrowing the arable land; the infrastructure
system (production equipment, factories, internal traffic, drainage
system, etc.) of industrial zones was heavily flooded, affecting the
production process of enterprises. The rising sea level causes salinity
in rice-growing areas and aquaculture ponds, leading to large
economic damage. In addition, the climate change increases
tropical diseases that threaten the people’s health (World Bank &
GFDRR 2018, HCMC 2020).

To respond to climate change, the Binh Chanh district must
conduct adaptation and mitigation actions simultaneously, in
which the building capacity to adapt to climate change is the
focus. However, the community’s ability to adapt to climate
change is still limited, in which the ability to adapt to climate
change of low-income households is still low, so they are the most
vulnerable. Therefore, in order to actively respond to the climate
change for households in the Binh Chanh district, the capacity
building to adapt to climate change needs to be improved to
effectively and promptly respond to the unpredictable changes of
climate change.

The objective of this study was to assess the climate change
vulnerability of communes in the Binh Chanh district, HCMC,
and to evaluate the perception of households on adaptation and
response to impacts of climate change, thereby proposing some
solutions to improve the awareness and enhance the adaptive
capacity to climate change for the district and its communities.

STUDY AREA

Binh Chanh is a rural district located in the southwest of HCMC,
Vietnam. It covers an area of 253 km2. The Bình Chanh district

borders the Bình Tân district, Hoc Môn district, and Nha Be
district (Figure 1). The natural area of the Binh Chanh district is
fairly wide and long, of which the agricultural land still occupies a
large part. In recent years, many technical and social
infrastructure projects have been invested, helping to expand
the urban space in the Binh Chanh district, the rural face
“changing flesh” day by day. A part of the Binh Chanh district
has also become a new urban area in the South of HCMC.
Infrastructure, transport network synchronously connected
with the central districts of Saigon, and convenient travel and
trade make Binh Chanh’s population tend to increase rapidly
(Binh Chanh District People Committee 2020; HCMC People
Committee 2020,World Bank 2020).

Positioned as a gateway to trade with theMekong Delta, a large
economic region in the South, the Binh Chanh district has
gradually become a bridge for economic exchange between the
Mekong Delta and the southeast economic region key industrial
zones. From a district with a large area of agricultural land, the
agricultural production reached a significantly higher share in the
economic structure than in the inner city districts; Binh Chanh’s
economic structure has quickly shifted to the industrial
group—construction and trade services. With the advantage of
a special location in regional linkages and convenient access to 13
provinces and cities of the Mekong Delta, Binh Chanh is a peril-
urban district with potential for economic development and is
now in the process of industrialization (Bubeck et at. 2012; Chau
et al., 2014; Arouri et al., 2015).

The high urbanization rate has made Binh Chanh become one
of the high population growth districts in the city. As of 2019, the
district had a population of 680,000 with a population density of
2,793 people/km2. The Binh Chanh district has 16 affiliated
commune-level administrative units, including Tan Tuc town
(district capital) and 15 communes: an Phu Tay, Binh Chanh,
Binh Hung, Binh Loi, Da Phuoc, Hung Long, Le Minh Xuan,
Pham Van Hai, Phong Phu, Quy Duc, Tan Kien, Tan Nhut, Tan
Quy Tay, Vinh Loc A, and Vinh Loc B (Binh Chanh District
People Committee 2020).

During the 2015–2020 period, the district’s economy has
developed stably, the proportion of industries and services has
gradually increased, and the structure of the agricultural sector
has shifted toward urban agriculture. In Binh Chanh, rice is the
most important crop. It is grown in most of the communes. The
other main food crops are maize, potatoes, and nuts. There are
also plantations of banana and coconut, and most of them are
found in Tan Qui Tay, Binh Loi, and Binh Hung communes.
Agriculture is fairly labor-intensive in the district with farming
activities being performed manually. During the tenure, the
district has maintained an average annual growth rate of
20.5%/year, of which the industry—construction industry—has
had a stable growth rate over the years, increasing by 20.9% on
average; the trade, service industry has grown quite well, reaching
an average of 20.6%/year; the average agricultural sector achieves
5.1%/year (Binh Chanh District People Committee 2020).

In terms of climate change impacts, due to its lowland natural
features (nearly 60% of the total area is below the elevation of
1.5 m of sea level) and the terrain being divided by a system of
rivers and canals, the Binh Chanh district is heavily affected by
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climate change. Currently, the district faces frequent flooding
problems during the rainy season from June to November and the
high tide cycle from September to December every year and the
discharge from upstream of the Sai Gon–Dong Nai River. The
atrophy of the tidal–rain—flood updated scenario (MONRE
2017) shows that the annual cropland area of the Binh Chanh
district that is likely to be deeply flooded is 82.1% total annual
acreage of the whole district (Figure 2). The flooded area of
perennial crops in Binh Chanh is about 3,208 ha (77% total
cultivation area). The majority of low-income households in
Binh Chanh have their main livelihoods from farming, animal
husbandry, and aquaculture and thus are highly vulnerable to bad
weather and climate factors (Binh Chanh District People
Committee 2020; HCMC People Committee 2020).

METHODOLOGY AND DATA

Approaches to Assess Climate Change
Vulnerability
According to IPCC (2012), vulnerability to climate change is
defined as “the degree to which a system is susceptible to or
unable to cope with the effects of climate change, including
climate change and extremes”. McCarthy et al. (2001) also
identified the three variables needed to assess vulnerability:
exposure, sensitivity, and adaptive capacity. Exposure (E) is
the nature and extent to which a system is exposed to
significant changes in climate. Sensitivity (S) is the degree to
which a system is affected either for good or bad by climate-
related agents. The adaptive capacity (AC) reflects the ability of a
system to adapt to climate change (including extreme events) or
to mitigate its potential damage.

Vulnerability � f(exposure, sensitivity, adaptive capacity)

Although climate change is a global process, vulnerability is
very site-specific (Hassan and Ringler 2009). Many scholars have,
therefore, recommended the localized assessment of climate
change vulnerability (Vincent 2007; Pandey and Jha, 2012a;
Ahsan and Warner, 2014; Bosher et al., 2019). Hahn et al.
(2009) and Urothody et al. (2010) recommended testing
climate change vulnerability at the community level so that
vulnerability of communities within a district or region can be
compared. The indicator methods are widely used to assess
climate change vulnerability. Because of the simplicity of
aggregating indicators to form an index, different vulnerability
indexes have been developed (Duriyapong and Nakhapakorn,
2011; Tessema et al., 2013; Wolf et al., 2013; Didar et al., 2015;
Seinn et al., 2015).

This study uses the livelihood vulnerability index (LVI)
developed by Hahn et al. (2009) for assessing the climate
change vulnerability of the communes in Binh Chanh. This
index can be estimated using primary data from households
and commune levels.

LVI consists of seven main components including the socio-
demographic profile (SDP), livelihood strategy (LS), natural
hazards (NH), social network (SN), food (F), water (W), and

health (H). Each component is composed of several indicators
or sub-components. The indicators are standardized as
follows:

Index Xij � (Xij −MinXi)/(MaxXi −MinXi)
Xij: normalized value of the indicator in commune j, Min Xij:
minimum actual value of the indicator ij in all communes, and
Max Xij: maximum actual value of the indicator ij in all
communes.

The LVI uses a balanced weighted average approach where
each sub-component contributes equally to the overall index. The
LVI was calculated based on the sub-components of each of the
major components. The average sub-component can be
calculated after each index has been standardized by the
following equation:

Mt � ∑n
i�1indexSti

n
where Mt represents one of seven main components of LVI for
the commune t, index St denotes the subcomponent, index by i
and n is the number of sub-components in each major
component. After sub-components of the commune t for each
of the main components have been deduced, the LVI can be
calculated as follows:

LVIt � ∑7
i�1 −WitMit

∑7
i�1−Wit

where LVIt is the livelihood vulnerability index for commune t,
and i is the index of different households in commune t.

In addition, in this study, we also used an alternative method
by IPCC for calculating LVI by combining the components of
exposure, sensitivity, and adaptive capacity with the following
equation:

CFj � ∑n
i−1WmiMij

∑n
i−1Wmi

CF j is contributing the components (exposure, sensitivity, and
adaptive capacity) for commune j, Wmi is determined by sub-
components setting up the vulnerability component, and Mij is
the major component for j commune indexed by i.

LVI-IPCC is calculated by the following formula:

LVI − IPCC � (E − AC) × S

where E is the exposure index, AC is the adaptive capacity index,
and S is the sensitivity index. LVI-IPCC ranges from –1 to +1,
where –1 is the least vulnerable (adaptive capacity is more than
exposure), 1 is extremely vulnerable (exposure is higher than the
adaptive capacity), and 0 is moderately vulnerable (exposure and
adaptive capacity are equal) (Khan 2012; Oo et al., 2018).

Selection of Indicators for Assessing LVI
The study selected a combination of vulnerability indicators that
represent the seven components abovementioned from the
studies of Hahn et al. (2009), Pandey and Jha (2012b), and Oo
et al. (2018). The initial 37 indicators were taken out from these
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studies. Then, we interviewed experts on vulnerability, climate
change, and livelihoods to filter out the most suitable indicators
for LVI for the study. The authors consulted 10 experts including
management agencies, local leaders, key farmers and NGO
project leaders to assess the validity of indicators based on a
5-level Likert scale for each indicator (score 5 is very suitable, and
score 1 is not very suitable). The final 23 indicators were chosen
by all experts as suitable and very suitable, as follows: socio-
demographic profile: household income per month (SDP1), the
dependency ratio (SDP2), rate of poor households (SDP3),
percentage of households with a head having no secondary
school (SDP4), and percentage of households who have the
burden of loan (SDP5).

Natural hazard: number of high tides causing flooding in the
year (HZ1), percentage of flooded areas (HZ2), percentage of
households with family members injured in recent disasters
(HZ3), percentage of households reporting loss of livestock
due to disaster (HZ4), percentage of households reporting a
loss of assets due to disasters (HZ5), and percentage of
households reporting not received early warning information
(HZ6). Livelihood strategy: percentage of households using the
natural resource for livelihood (LS1) and percentage of
households dependent solely on agriculture as an income
source (LS2).

Social network: number of local civic organizations attended
by households (SN1), percentage of households not in receipt of
government loans (SN2), and access to information (radio,
television, and internet) (SN3).

Food: percentage of households lacking food in the last
year (F1).
Water: percentage of households not using clean water (W1),
percentage of households that utilize the natural water source
(W2), and average for collecting water in a day by
households (W3).
Health: percentage of households with a family member
having health support from the local government (H1) and
average time to the nearest health center (H2).

Data Collection
This study combines qualitative and quantitative data collection
methods. From August to October 2021, the research team
surveyed households in 16 communes of Binh Chanh to
collect data.

The household sample was selected in two phases. First, we
implemented a household spatial mapping in all communes.
Then, we selected the households in each commune using
random sampling based on a list of households provided by
16 communes’ People Committee (local government). According
to Ho ChiMinh City Statistical Office (2020), 119,298 households
are living in 16 studied communes with about 680,000 people (on
average, each household has 5.7 people). The study uses the
following formula (Creswell 2014) to estimate the number of
sampled households:

n � N
1 + Ne2

where n is the sample size, N is the total number of households in
the population, and e is the accepted errors. With e = 0.05 (the
estimated error is 5%) and for a total population, the estimated
number of households surveyed to ensure reliability was 931.
Thus, 931 households were chosen (0.78% of total households).
To ensure the representation, researchers selected 0.78% of
households of each commune for the survey (Table 1).

In addition, data on flooded areas, inundation depth, and
inundation time under exposure component are collected from
data of the HCMC Flood Control Center; other data on the
sensitivity and adaptive capacity indicator are collected from the
data sources of the Statistical Yearbook of the Binh Chanh district
in 2019 and 2020.

RESULTS AND DISCUSSION

Overall Results of the Vulnerability
Assessment
The results of the vulnerability assessment to climate change for
major components of 16 communes in Binh Chanh district and
LVIs are presented in Table 2. As shown, the normalized value of
vulnerability indicators ranges from 0.445 to 0.812. From the
result, the studied communes are divided into three groups: the
first group is those with high exposure and sensitivity and low
adaptive capacity (Da Phuoc, Quy Duc, Hung Long, An Phu Tay,
and Tan Kien); the second group is the communes with medium
exposure, sensitivity, and adaptive capacity (Tan Qui Tay, Tan
Nhat, Tan Tuc, Binh Hung, and Phong Phu); and the third group
is the communes with high adaptive capacity and low exposure
and sensitivity (Binh Loi, Binh Chanh, Pham Van Hai, Le Minh
Xuan, Vinh Loc A, and Vinh Loc B).

The LVI index values are compared for 16 communes of Binh
Chanh. Tan Kien is found to be the commune with the highest
vulnerability to climate change (score: 0.812), followed by An Phu

TABLE 1 | Distribution of surveyed households by the communes in the Binh
Chanh district.

Commune Number of households Number
of households surveyed

1 Tan Tuc 7,135 56
2 An Phu Tay 4,689 37
3 Binh Chanh 4,908 38
4 Binh Hung 6,120 48
5 Binh Loi 10,025 78
6 Da Phuoc 11,567 90
7 Hung Long 9,543 74
8 Le Minh Xuan 8,331 65
9 Pham Van Hai 9,043 71
10 Phong Phu 8,123 63
11 Quy Duc 7,589 59
12 Tan Kien 6,980 54
13 Tân Nhut 7,842 61
14 Tan Quy Tay 5,640 44
15 Vinh Loc A 4,890 38
16 Vinh Loc B 6,873 54

Total 119,298 931

Source: Original data from the study.
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TABLE 2 | Livelihood vulnerability index (LVI) of components for the communes of the Binh Chanh district.

Component
of the
LVI

Vulnerability
indicator

Da
Phuoc

Pham
Van
Hai

Tan
Qui
Tay

Hung
Long

Tan
Tuc

Quy
Duc

Le
Minh
Xuan

Binh
Chanh

Tan
Kien

Tan
Nhat

Binh
Loi

Phong
Phu

An
Phu
Tay

Vinh
Loc
A

Bình
Hung

Vinh
Loc
B

SDC Household income per month 0.45 0.76 0.45 0.52 0.62 0.37 0.81 0.81 0.69 0.49 0.67 0.75 0.64 0.85 0.67 0.92
Dependency ratio 0.51 0.69 0.42 0.45 0.6 0.49 0.79 0.78 0.67 0.53 0.72 0.72 0.47 0.81 0.64 0.87
Rate of poor households 0.37 0.73 0.53 0.39 0.45 0.52 0.78 0.56 0.68 0.59 0.67 0.69 0.61 0.79 0.64 0.85
Percentage of households with head
having no secondary school

0.33 0.81 0.49 0.45 0.47 0.58 0.76 0.68 0.71 0.41 0.78 0.68 0.55 0.86 0.73 0.78

Percentage of households who have
burden of loan

0.32 0.76 0.42 0.32 0.59 0.59 0.87 0.76 0.75 0.5 0.67 0.79 0.45 0.92 0.71 0.86

AVERAGE 0.40 0.75 0.46 0.43 0.55 0.51 0.80 0.72 0.70 0.50 0.70 0.73 0.54 0.85 0.68 0.86
Natural
hazards

Number of high tides causing flooding in
year

0.62 0.51 0.32 0.61 0.71 0.59 0.45 0.52 0.94 0.45 0.32 0.81 0.79 0.64 0.65 0.72

Percentage of the flooded area 0.61 0.44 0.44 0.83 0.54 0.79 0.64 0.41 0.85 0.67 0.45 0.67 0.69 0.57 0.77 0.65
Percentage of households with family
members injured in recent disaster

0.75 0.59 0.46 0.78 0.48 0.87 0.71 0.58 0.74 0.45 0.61 0.77 0.93 0.48 0.65 0.78

Percentage of households reporting loss
of livestock due to disaster

0.83 0.53 0.51 0.83 0.61 0.91 0.62 0.41 0.67 0.58 0.34 0.82 0.85 0.69 0.61 0.56

Percentage of households reporting loss
of assets due to disaster

0.72 0.41 0.56 0.67 0.54 0.62 0.42 0.26 0.96 0.32 0.23 0.64 0.77 0.61 0.67 0.67

Percentage of households reporting not
received early warning information

0.68 0.45 0.52 0.62 0.49 0.77 0.53 0.45 0.95 0.57 0.56 0.76 0.83 0.67 0.59 0.73

AVERAGE 0.70 0.49 0.47 0.72 0.56 0.76 0.56 0.44 0.85 0.51 0.42 0.75 0.81 0.61 0.66 0.69
Livelihood
strategy

Percentage of households using natural
resources for livelihood

0.71 0.51 0.43 0.48 0.61 0.87 0.61 0.48 0.88 0.46 0.31 0.69 0.78 0.61 0.57 0.71

Percentage of households dependent
solely on family farm for food

0.87 0.48 0.57 0.67 0.43 0.71 0.66 0.41 0.76 0.57 0.48 0.78 0.87 0.68 0.73 0.78

AVERAGE 0.79 0.50 0.50 0.58 0.52 0.79 0.64 0.45 0.82 0.52 0.40 0.74 0.83 0.65 0.65 0.75
Social
networks

Number of local civic organizations
attended by households

0.31 0.69 0.41 0.48 0.61 0.48 0.82 0.69 0.59 0.47 0.65 0.81 0.47 0.86 0.68 0.83

Percentage of households not in receipt
of government loan

0.38 0.78 0.39 0.39 0.62 0.36 0.86 0.74 0.69 0.43 0.81 0.78 0.68 0.87 0.72 0.88

Percentage of households with no
access to information (radio, television,
and internet)

0.56 0.79 0.51 0.51 0.59 0.41 0.79 0.73 0.71 0.61 0.69 0.72 0.57 0.78 0.75 0.79

AVERAGE 0.42 0.75 0.44 0.46 0.61 0.42 0.82 0.72 0.66 0.50 0.72 0.77 0.57 0.84 0.72 0.83
Water Percentage of households not using

clean water
0.61 0.44 0.44 0.76 0.54 0.79 0.64 0.47 0.85 0.67 0.45 0.67 0.73 0.57 0.77 0.65

Percentage of households using natural
water source

0.48 0.39 0.51 0.78 0.61 0.69 0.62 0.42 0.71 0.43 0.47 0.74 0.83 0.68 0.69 0.57

Average time for collecting water in a day
by households

0.76 0.48 0.37 0.81 0.55 0.81 0.51 0.33 0.85 0.52 0.41 0.72 0.85 0.52 0.66 0.65

AVERAGE 0.62 0.44 0.44 0.78 0.57 0.76 0.59 0.41 0.80 0.54 0.44 0.71 0.80 0.59 0.71 0.62
Health Average time to the nearest heath center 0.81 0.52 0.41 0.77 0.49 0.72 0.61 0.45 0.88 0.51 0.37 0.79 0.79 0.53 0.72 0.69

Percentage of households with family
member having health support from the
local government

0.72 0.41 0.56 0.67 0.54 0.67 0.42 0.46 0.93 0.37 0.41 0.68 0.77 0.61 0.67 0.75

AVERAGE 0.77 0.47 0.49 0.72 0.52 0.70 0.52 0.46 0.91 0.44 0.39 0.74 0.78 0.57 0.70 0.72
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Tay (score: 0.752). In contrast, the least vulnerable commune is
Tan Qui Tay (score: 0.445).

In terms of the exposure components, the score is highest in
the Tan Kien commune (0.85) and the lowest in Binh Loi town
(0.42). Tan Kien is also the commune with the highest sensitivity
(0.86). This is a riverside commune, heavily affected by
inundation and saltwater intrusion, and has many poor
households and low socioeconomic conditions, leading to low
adaptive capacity. In contrast, the Binh Loi commune is located
deep in the mainland and has a fairly flat topography, not
adjacent to rivers, so the impact of climate change/flood is not
high compared to the communes adjacent to the rivers. In
addition, because the income source of the people of Binh Loi
commune is stable, their livelihood is less dependent on the
climate, so they have the economic potential to purchase
equipment and tools to cope with climate change. In terms of
adaptive capacity, Da Phuoc commune has the lowest score (0.4),
which is the best-adapting capacity town to climate change.

Socio-Demographic Profile
The first component of the LVI conceptual framework is SDP. As
indicated in Table 2, Vinh Loc B is the most vulnerable town in
terms of socioeconomic profile, with an average score of 0.86,
followed by Vinh Loc A (0.85). Da Phuoc has the lowest
vulnerability in this component (0.32). Zooming into this
component, Vinh Loc A has the highest percentage (85%) of
household heads with no secondary education, whereas in Tan
Qui Tay, this number is only 33%. In fact, in the communes where
the education level is low, then levels of formal and informal skills
are also low and they affect the score of socio-demography in the
studied communes. Also, Vinh Loc B has a higher dependency
ratio than Vinh Loc A and Da Phuoc. The findings show that
socioeconomic indicators and water and natural disaster
indicators are most influential indicators of exposure and
sensitivity in Vinh Loc B, Vinh Loc A, and Da Phuoc. This
might lead to greater socioeconomic and climate change
vulnerability in these communes than in the others. In this
research, Hung Long has the lowest water, electricity, and
health scores than other towns since this town is now fairly
weak in providing clean water, sanitation equipment, health
service, and basic infrastructure. In addition, An Phu Tay and
Tan Kien have the highest exposure to the impact of natural
disasters and climate change in terms of this vulnerability
component index. In climatic events, such as the 2018–2019
floods, the agricultural lands in these towns were severely flooded
and could not be used for cultivation. After floods, some areas of
cultivable land would be lost, and some cannot be restored for
planting. In addition, after disasters, households also lost cattle
and household assets. Although the local government has worked
hard for rehabilitation of the impacted areas, the situation has not
fully recovered.

Natural Hazard
Tan Kien is shown as the highest vulnerability town (score: 0.85);
the second most vulnerable commune is An Phu Tay, while Binh
Loi is the least vulnerable (0.42). The farming households said
that the loss of livestock impacted their livelihoods most, evenT
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more than assets or housing damages and losses. They also
reported that the loss of human livestock is caused by the lack
of climate change awareness by the local people and lack of
disaster preparedness by the local government, as well as poor
restoration and reconstruction processes after hazards. Thus, it is
imperative to carry out climate change awareness-raising
programs, preventive measures, and climate change adaptation
solutions in the district.

Livelihood Strategies
The livelihood strategies of the households in the study area are
diverse as the households’ knowledge and experience of disaster
adaptation are different. Among the study communes, the
livelihood index is best at Tan Nhat (0.40) and Binh Chanh
(0.45) compared to the other towns. Of all the respondents in An
Phu Tay, 78% reported that agriculture is still their main
livelihood activity. The farming households say that lack of
alternative income chances, especially off-season, is a big
constraint for their livelihoods. As a result, the household
members have to migrate to cities for jobs; 46.9% of the
respondents in An Phu Tay indicated insufficient loan
provision by the government. In addition, the lack of
infrastructure and accessible markets are also the main
challenges for developing households’ livelihoods in the
study site.

Social Network
With the social network component, Vinh Loc A is the most
vulnerable commune (0.84), while Vinh Loc B is the second most
vulnerable town (0.83), and Da Phuoc is the least vulnerable
commune (0.42). The households in Vinh Loc B town reported
having an average of 3.3 local civic organizations to participate by
their family, whereas this number for An Qui Tay and Quy Duc
are only 2.7 and 2.4, respectively. The households indicated that
participating in local organizations is good not only for
livelihoods and networks but also for sharing hazard
information among the community members and local
agencies. A better access to credit and information can be
ensured by improving the social capital. Thus, enhancing the
social capital and social involvement is important to reduce the
risks of disasters for poor households in light of a changing
climate.

Water and Health
In terms of water indicators, Tan Kien and An Phu Tay are the
most vulnerable towns with a score of 0.8, whereas Binh Chanh is
found to be the least vulnerable commune with a score of 0.41.
The majority of the households in Tan Kien and An Phu Tay
limited access to clean piped water, rather they have to take water
from ponds or rain. The average time spent collecting water is
maximum at An Phu Tay and Tan Kien (nearly 3 h a day). Water
is normally collected by women, and spending more time
collecting water might affect the time for the
household—caring with females. In addition, the lack of access
to clean water would result in water-related illnesses and diseases.
Therefore, the farmers reported that improving water
management and provision is crucial in the Binh Chanh district.

Two indicators are used to make up the health component
(“percentage of households with family members having health
support from the local government” and “average time to the
nearest health center”). When aggregated, Tan Kien again is
found to be the most vulnerable health commune (0.91). The
average time for reaching the nearest health center is the highest
in this town due to poor infrastructure and communication
systems. The poor access to health care services might result
in a decrease in public health, hence increasing community
vulnerability to natural hazards and climatic events.

Food
Foodstuff is another important item for adaptation to disasters
and climatic impacts. These indicators are worse in Tan Kien and
Vinh Loc B, whereas tan Qui Tay and Binh Lo have the lowest
score (0.32). The survey indicates that farming is the primary
profession for households in Binh Chanh. On average, 32.5% of
the total households in Binh Chanh rely on non-cash food
sources. The local people reported that on average, 2.9 months
annually they have to struggle to provide sufficient food for
families, especially during the off and inter-cultivation times.

Table 3 represents the vulnerability scores with a ranking
according to LVI-IPCC for all communes of the study area. For
LVI-IPCC index, the results are fairly consistent where
households in Tan Kien and An Phu Tay towns are more
vulnerable than those in other communes. This is because
households in the three aforementioned communes are more
exposed to disasters such as salt intrusion and flood while having
low adaptive capacity. This LVI-IPCC index indicates that Vinh
Loc A is the least vulnerable commune.

In both LVI assessment approaches, Binh Loi and Tay Qui Tay
are the communes least affected by natural hazards and climate
change in Binh Chanh. This is because these communes have
medium exposure levels and better socioeconomic conditions
and adaptive capacity. Among the 16 communes, Tan Kien is the
most vulnerable commune with the highest level of exposure to
natural disasters while having a low level of adaptive capacity,
making this town more vulnerable than the others.

RECOMMENDATIONS TO IMPROVE
CLIMATE CHANGE ADAPTATION
CAPACITY OF HOUSEHOLDS IN THE BINH
CHANH DISTRICT

Based on the abovementioned finding and combined with in-
depth interviews relating livelihoods and climate change
management stakeholders in Binh Chanh, some
recommendations are raised as follows:

First, preparing disaster risk management strategies to
reduce exposure, promoting climate change adaptation
strategies, and strengthening the adaptive capacity of farm
households should be the top priority. The study results show
that the lack of households’ access to fundamental
infrastructure, opportunities for additional income, and sole
dependence on agriculture make households more sensitive to
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the impacts of climate change. Thus, their capacity needs to be
improved so that they can make choices and turn these choices
into actions to respond to climate change/disaster to ensure
more stable current and future livelihoods.

Community-based adaptation (CBA) can be a good strategy
for climate change management at Binh Chanh. CBA is a critical
component of avoidance and management of climate change
impacts by local community. It provides information on the
potential impacts of CC and mitigation measures with location-
specific and community-managed characteristics. CBA also
provides information needs that can be replicated in a suitable

way acceptable by the local communities (UNDP 2015). For
example, i

_
n Binh Chanh, converting rice farming to high-tech

shrimp farming is a new direction (Le Minh Xuan is the leading
commune to deploy an effective high-tech shrimp farmingmodel,
which is now being replicated in other communes for
development). The shrimp farming model applying high
technology in the Le Minh Xuan commune has effectively
contributed to changing the community’s awareness and
income, which improves the capacity to adapt to climate
change. In addition, strengthening the capacity and
participation of the community, focusing on local response

FIGURE 1 | Binh Chanh district location in Ho Chi Minh City.
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experiences, the role of grassroots mass organizations develop,
multiplying traditional models, and experiences in climate
change adaptation should also be carried out since the more
social capital a household has, the better they can access to a
source of information and resource for enhancing the adaptive
capacity.

Second, this study has shown that the lack of adaptive capacity of
local people (socioeconomic, social networks, and livelihood

strategies) is a main cause of climate change vulnerability.
Therefore, it would be good if the local governments encourage
increased investments in education and income diversification.
Moreover, we should develop a micro-finance mechanism for
local farmers, providing basic infrastructure, sanitation
equipment, clean water, electricity, and setting up more health
community centers. In addition, HCMC government managers
need to implement a detailed assessment of the impacts of

FIGURE 2 | Inundation map of the Binh Chanh district.

TABLE 3 | LVI-IPCC for communes in the Binh Chanh district.

Commune Exposure index (E) Sensitivity index (S) Capacity index (AC) LVI- IPCC Ranking

1 Da Phuoc 0.702 0.694 0.404 0.207 3
2 Pham Van Hai 0.488 0.484 0.751 −0.127 14
3 Tan Qui Tay 0.468 0.453 0.453 0.007 6
4 Hung Long 0.723 0.729 0.439 0.207 4
5 Tan Tuc 0.562 0.573 0.569 −0.004 9
6 Tan Kien 0.758 0.747 0.475 0.211 1
7 Le Minh Xuan 0.562 0.560 0.810 −0.139 15
8 Binh Chanh 0.438 0.441 0.719 −0.124 13
9 Quy Duc 0.852 0.859 0.686 0.143 5
10 Tan Nhat 0.507 0.499 0.504 0.001 7
11 Binh Loi 0.418 0.406 0.708 −0.118 12
12 Phong Phu 0.745 0.743 0.743 0.001 8
13 An Phu Tay 0.810 0.813 0.555 0.207 2
14 Vinh Loc A 0.601 0.612 0.843 −0.148 16
15 Binh Hung 0.657 0.691 0.693 −0.025 10
16 Vinh Loc B 0.685 0.688 0.848 −0.112 11

Source: Original data from the study.
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disasters on local livelihoods so that they can design suitable
preventive measures aimed at promoting the adaptive capacity
and reducing vulnerability to climate change.

Third, this study found that lack of early warning systems and
climate information is also a major indicator of climate change
vulnerability of households to saltwater intrusion and natural
hazards. Therefore, an early warning climate information system
should be established in the communes to reduce the potential for
loss of property through natural disasters. The localities located
adjacent to rivers need to build proper flood control facilities and
tidal control infrastructure, including rigid flood control systems
(e.g., tidal sluices and flood barriers). Building resettlement areas for
households affected by climate change should also be performed. Da
Phuoc, An Phu Tay, and Tan Kien communes need to plan
resettlement areas for the low-income households living near the
banks of rivers and canals that are at the risk of landslides and
flooding. At the same time, the commune authorities need to
support the jobs and sustainable livelihood transformation
solutions (e.g. agricultural and fishery extension services).

Fourth, it is necessary to continue raising public awareness of
disaster risk management, specifically the awareness of local
authorities and people working in disaster prevention,
businesses, and residents with the motto “prevention is key”.
This is an important solution to limit risks from natural disasters.
Also, it would be good to diversify the forms of training activities,
training and drills on natural disaster prevention and control,
information, propaganda, communication and knowledge
dissemination activities, and organize seminars and
conferences to share the lessons learned in disaster prevention.
Along with that, HCMC authorities should deploy the
acquisition, research, and transfer of information technology
and support tools to the vulnerable people, at the same time
carrying out natural disaster awareness raising activities in the
school system in disaster vulnerable areas.

CONCLUSION

This study examines the vulnerability to climate change of
households in the Binh Chanh district in the Mekong River
Delta in Vietnam. It estimates the LVI assessment method and
compares the vulnerability indexes for 16 communes in the studied
district. The indicators of different components show different
vulnerability levels for different communes. The LVI and LVI-
IPCC indexes indicate that residents in Tan Kien town are the
most vulnerable people. This study confirms that farm households
that fail to adopt any strategies for adaptation to the impacts of
climate change are more vulnerable than adapted households.

The results also indicated that majority of the communes are
highly vulnerable with high exposure and sensitivity levels compared
to adaptive capacity. The local people still depend much on natural
resources for maintaining livelihoods which means that the
livelihoods of poor and nearly poor households are regulated by
nature. The dependency on primary occupation makes the situation
worse. Unskilled citizens have fewer employment opportunities and
hence move to other areas for survival. The social ties facilitate local
networks and improve support from local associations and
government. The impacted people have to live to survive in poor
situations by struggling with various natural hazards and lacking the
capacity for changing their situation.

If the vulnerable areas get special supports and priorities by
enhancing the perception of local households about climate
change vulnerability (social, economic, and environmental
factors), they can improve their resilience to face the
challenges of climate change. This study has proposed some
solutions to improve the awareness, adaptive capacity, and
response to climate change for impacted households. In
addition, this study consults managers and scientists to have a
multidimensional view of the capacity to adapt to climate change
for local households. The results are intended to provide a
database to serve the overall socioeconomic planning and
development of the locality toward climate change adaptation.
However, this study is limited in terms of spatial investigation, so
it is necessary to expand the research area in the future.
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