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Abstract

Vietnam is considered one of the most vulnerable countries since it is seriously affected
by climate change and natural disaster-related shocks. This study applied the household
vulnerability index (HVI), originally developed by the Food, Agriculture, and Natural
Resources Policy Analysis Network (FANRPAN, 2011), to measure household vulnerabil-
ity trends across five socio-economic regions and to assess the impact of shocks on house-
hold vulnerability in rural areas in Vietnam. This index is mainly based on the Vietnam
Access to Resources Household Survey (VARHS) dataset from 2018, which included 2,974
households in 12 provinces of Vietnam. There are five components in the HVI, namely
natural assets, physical assets, financial assets, human assets, and social assets. The feasible
generalised least squares method (FGLS) was then used to assess the impact of natural,
biological, and economic shocks on household vulnerability. The results showed that most
rural households had moderate vulnerability, comprising 85% of observed households in
the whole country and five regions. The North Central and South Central Coasts ranked
first among the other regions in high vulnerability levels. Moreover, the research results
indicated that natural and economic shocks increased household vulnerability HVI scores
by 0.01 and 0.008, respectively. Specifically, natural shocks positively impacted household
vulnerability in the Northern Midlands and Mountains, with an HVI score of 0.018, while
economic shocks caused an increase in HVI scores of 0.026 in the North Central and South
Central Coasts. In general, households must improve their ability to cope with shocks by,
for example, improving educational attainment, increasing participation in non-agricultural
activities and social activities, and diversifying their income.
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1 Introduction

Households are made vulnerable to poverty due to the prevalence of shocks and a lack of
effective shock coping mechanisms. Idiosyncratic shocks—such as the illness or death of
a family member—can affect an individual or an entire household. Conversely, covariate
shocks—such as adverse weather conditions—can impact a larger population in an area
(Shehu & Sidique, 2015). Vulnerability can be defined as the impaired ability of an indi-
vidual or group to predict, cope with, and recover from the effects of natural or man-made
hazards (Thabane, 2015). Shocks can be divided into several major categories: climatic;
economic; political, social, or legal; criminal; health-related. Climatic shocks are related
to droughts and floods, erosion, frost, and pests that affect crops or livestock. Economic
shocks are related to problems with access to input, including physical access and signifi-
cant price increases, decreases in output prices, and difficulties in selling agricultural and
non-agricultural products (Dercon et al., 2005). Natural disasters are related to weather—
such as floods, storms, heat waves, and droughts—and can have enormous impacts on
health, the environment, and economic development (Gan et al., 2021; Visser et al., 2014).
For example, floods often lead to disruptions in infrastructure and food transportation, and
worsening food security and increasing food prices often limit urban households’ ability to
access adequate food (Akampumuza & Matsuda, 2017).

There have been numerous studies on epidemic shocks (Béné, 2020; Giones et al., 2020;
Hung et al., 2021; Kikuchi et al., 2021; Narayan, 2020; Nguyen et al., 2021a; Song et al.,
2020) and how they seriously affect food security, the labour market, industrial networks,
and even the exchange rate. For example, Dengue fever cases at three tertiary hospitals in
Ho Chi Minh City in Vietnam increased from 1996 to 2009, reaching a peak of 22,860
cases in 2008. Notably, children aged 6-10 years are at the highest risk of developing Den-
gue shock syndrome. However, mortality is highest in younger children and decreases with
increasing age (Anders et al., 2011). Hung et al. (2021) linked epidemic and economic
shocks to apply a random-effects model to panel data on the stock returns of 733 compa-
nies listed on both the Ho Chi Minh City Stock Exchange and the Hanoi Stock Exchange.
The results showed that the daily number of confirmed COVID-19 cases in Vietnam had a
negative impact on the stock returns of companies listed on the markets. The effects were
more severe for the pre-lockdown and second-stage periods than the lockdown period.
The influences also varied across sectors, with the financial sector being the most affected
by the pandemic. Another survey of 672 companies in Vietnam indicated that businesses
had to choose cost-cutting strategies to cope with the economic shutdown caused by the
COVID-19 pandemic (Nguyen et al., 2021a).

Moreover, economic shocks such as unemployment, changes in crop prices, unsuccess-
ful investments, abandonment, loss of land, crime also increase household vulnerability.
An unemployment shock remarkably increases the probability that children will enter
the workforce earlier, drop out of school, or fail to advance in school. Additionally, the
employment probability of 16-year-old girls increases by 50% (Duryea et al., 2007) follow-
ing an unemployment shock. During the Great Recession, many United States households
suffered massive capital losses in housing and financial wealth, and 5% of respondents lost
their jobs. For every loss of 10% in housing and financial wealth, the estimated decrease
in household spending was approximately 0.56% and 0.9%, respectively. Similarly, unem-
ployment reduced household spending by 10% (Christelis et al., 2015). Unemployment
also increases the propensity to commit crime, especially for individuals already in a crimi-
nal state (Siwach, 2018). In addition, commodity price shocks can aggravate conflict in
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low-income countries, where agriculture is considered a major source of employment and
income (Ubilava et al., 2021). For example, the decrease in coffee prices increased conflict
between individual ranchers in Peru and Colombia (Guardado, 2018).

Vietnam has a total land area of over 33 million hectares, of which agricultural and for-
estry land account for 34.7 and 45.1%, respectively (General Statistics Office, 2022). Most
Vietnamese people heavily depend on agricultural activities. However, in recent years, cli-
mate change — represented by erratic rainfall, increased flooding, prolonged droughts, and
the increased frequency of tropical cyclones and saltwater intrusion — has posed a serious
threat to farmers in Vietnam (Phuong et al., 2018). In addition, there has been an increase
in common diseases, such as African swine fever (ASF), which have seriously affected
household livestock production activities, especially in pig herds (Nguyen-Thi et al., 2021;
Qui et al., 2021). In fact, ASF in even-toed ungulates has spread to 63 provinces and cities
in Vietnam, causing about six million pigs to be culled within the year following its out-
break (Pham et al., 2021). In 2019, these measures decreased the total number of pigs by
30.32% (General Statistics Office, 2022). Additional shocks also contribute to an increase
in household vulnerability, including unemployment (Leichenko & Silva, 2014), changes
in crop prices (Hill & Porter, 2017), job losses, and crop failures (Hadley et al., 2011).
Therefore, assessing the influence of shocks related to natural disasters, epidemics or pan-
demics, and economic issues on household vulnerability can help policymakers provide
timely and appropriate support policies for vulnerable households. To assess the impact of
shocks on household vulnerability in Vietnam, this study had to answer several questions:
(1) Which indicators can be applied to measure household vulnerability in rural Vietnam?
(2) How severe is household vulnerability across regions? (3) How do different types of
shocks affect household vulnerability?

In Vietnam, natural disasters resulted in a loss of 2.635 million USD, with a GDP loss
of 1.18%, in 2017 (Vietnam Disaster Management Authority, 2021). McElwee (2010) indi-
cated that the Mekong River Delta region has high exposure and moderate sensitivity to
natural disasters. The Mekong River Delta is the primary agricultural region of Vietnam
and one of the world’s most vulnerable regions to drought and salinisation (Tran et al.,
2021; Yusuf & Francisco, 2009). Climate change also has a strong negative effect on farm
households because they have the lowest ability to adapt to changes in extreme climate
conditions (Yu et al., 2010). Ngo (2016) indicated that past climate experience is the most
important determinant of adaptive measures that aid farmers in adapting to climate change.
In Vietnam, disaster-related shocks have varied macroeconomic impacts in different geo-
graphical regions. The impact of a shock depends on the level of access to reconstruction
funds, with wealthier and less remote areas showing faster growth after disasters (Noy &
Vu, 2010). The downstream areas of the Mekong River Delta and North Central Coast are
vulnerable to flood threats caused by hurricanes, especially those associated with sea-level
rise (Nguyen et al., 2019). Vu and Ranzi (2017) conducted a survey in the Quang Ngai
province, located on the South Central Coast. Their research showed that economic and
human losses from floods can push households into poverty, and the average annual loss
for tangible costs is estimated to be about 3.5% of the GDP. Arouri et al. (2015) dem-
onstrated that three types of disasters — storms, floods, and droughts — negatively affect
household expenditure and income in rural Vietnam.

Impoverished people and countries are more exposed and vulnerable to all types of cli-
mate-related shocks, including floods. The poor are frequently exposed to natural hazards,
losing more wealth while receiving less support from relatives, financial systems, and the
government. Therefore, climate-related natural hazards have an enormous impact on pov-
erty (Hallegatte et al., 2016). Furthermore, Patricola and Cook (2011) showed that climate
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change is considered a global challenge; extreme weather conditions, such as prolonged
droughts and floods, are becoming increasingly common, and crops are becoming progres-
sively more unpredictable. These shocks typically reduce crop yields and food consump-
tion, thus threatening food security, particularly among smallholder farming communities
in developing countries (Jack & Suri, 2014; Nelson et al., 2009). From the above overview,
the following hypothesis can be drawn: Shocks increase household vulnerability.

Many previous studies on the effects of shocks on household vulnerability have been
conducted in various aspects various aspects. However, most of these studies only focused
on the impact of each type of shock on household vulnerability. For example, Jack and
Suri (2014) indicated that natural disaster shocks reduce crop yields and threaten food
security, especially in developing countries. Other previous studies have also examined the
impact of natural shocks (Akampumuza & Matsuda, 2017; Arouri et al., 2015; Ngo, 2016;
Patricola & Cook, 2011; Vu & Ranzi, 2017), epidemic shocks (Hung et al., 2021; Kikuchi
et al., 2021; Narayan, 2020; Nguyen et al., 2021a; Pham et al., 2021), and economic shocks
(Christelis et al., 2015; Duryea et al., 2007; Guardado, 2018; Siwach, 2018; Ubilava et al.,
2021) on household vulnerability. Therefore, it is necessary to conduct research to assess
and compare the impact of the following three types of shocks on household vulnerabil-
ity in rural areas in Vietnam: natural disaster, epidemic, and economic shocks. Hence, to
fill the practical gaps analysed above, the Vietnam Access to Resources Household Sur-
vey (VARHS) dataset from 2018 was used in this study to explore the impact of different
shocks on household vulnerability.

Vulnerability assessment is considered a complex process that involves using different
scales in various contexts. Additionally, Feeny and McDonald (2016) indicated that vulner-
ability can be measured at the national, local, household, or individual level. At the house-
hold level, vulnerabilities are related to access to food, knowledge, maternal and childcare
status, access to healthcare services, and water and sanitation status; it mainly concerns
natural, physical, financial, and social assets (Lesotho Vulnerability Assessment Com-
mittee, 2016). The Household Social Vulnerability Index (HSVI) is calculated using the
weighted averages of five livelihood assets: financial (20%), human capital (20%), social
capital (20%), natural (20%), and physical (20%) assets. The HSVI includes seven indica-
tors: livestock assets, the dependency ratio, households with a member suffering from a
long-term disease, social capital contact, membership to social capital groups, the contri-
butions of farming activities, and housing quality (Vincent & Cull, 2010). On the other
hand, the Social Vulnerability Index (SVI) demonstrates how to improve the adaptability
and resilience of smallholder farmers to the impacts of climate change (Dumenu & Takam
Tiamgne, 2020). The SVI also shows the socio-economic and demographic factors influ-
encing a community’s resilience to shocks (Flanagan et al., 2011).

Contrarily, the Food, Agriculture, and Natural Resources Policy Analysis Network
(FANRPAN, 2011) developed the Household Vulnerability Index (HVI) to assess the vul-
nerability of rural households to external shocks, including epidemics, extreme weather, or
food insecurity. This index is used to assess a household’s access to five livelihood capital
assets: natural (land, soil, and water), physical (livestock and equipment), financial (sav-
ings, salaries, remittances, or pensions), human capital (farm labour, gender composition,
and dependents), and social capital (information sources, community support, extended
families, and social welfare support) assets. For example, the HVI was applied to assess the
levels of household vulnerability to disaster-related climate change in the Eastern Cape in
South Africa. The study found that 83% of the households in this region were moderately
vulnerable (Zhou et al., 2016). Murphy and Scott (2014) showed that not only does the
HVI allow for an assessment of the current condition of households, but it also supports
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predictions of the probability of a further reduction in living standards and the households’
exposure to further exogenous shocks. Thabane (2015) applied the HVI scores obtained
from a survey of 2,581 households in Maphutseng, Lesotho. The study’s results showed
that the percentage of households with high vulnerability increased by 7.8% from 2009 to
2013. Therefore, the government should urgently develop policies to improve the liveli-
hood of households in poverty-stricken areas, including Maphutseng, and to help house-
holds better cope with shocks. In summary, the HVI provides several benefits for assessing
the vulnerability of households. First, it aligns with current best practices that involve the
use of a sustainable livelihood to analyse aspects of both vulnerability and coping mecha-
nisms. Second, the HVI can be used for population-level analyses and other targeting pur-
poses (Moret, 2014). Hence, in this study, the HVI was used to measure household vulner-
ability in rural areas in Vietnam.

2 Methodology

The general pathway of the applied methodology of this study involved employing the fea-
sible generalised least squares (FGLS) regression model to assess the impact of shocks on
household vulnerability in Vietnam. First, the HVI was created using a two-step method
based on the five components of livelihood assets mentioned above. Second, the HVI was
used to assess household vulnerability across regions in Vietnam. Finally, empirical regres-
sion models were used to find the causal relations between the HVI and shocks.

2.1 Calculating the household vulnerability index

The HVI was calculated using five livelihood assets based on the FANRPAN (2011), with
15 sub-indicators; however, there were slight differences in the financial assets used. Spe-
cifically, we used four financial asset indicators, namely savings, salaries, pension, and
other income (Table 1). The new indicator (other income) included income from agricul-
tural, forestry, and fishery activities; wild fishing and non-agricultural activities; assets for
lease; the sale of assets; other sources.

To assess household vulnerability using the HVI, the research team carried out the fol-
lowing steps:

Step 1: Set up a table of main factors and sub-factors for this indicator.

Step 2: Calculate or set lower and upper bounds for each variable, i.e. the maximum and
minimum possible values.

Specifically, this indicator was positively correlated with vulnerability. That is, an
increase in the index or sub-component increased the vulnerability of the household.
Therefore, the standard equation was calculated by adjusting the equation used in the
Human Development Index (UNDP, 2022).

These sub-components with 15 indicators were collected to assess household vulner-
ability in different units and scales, so the data had to be standardised for the same scale
(Table 1). Awolala et al. (2022) indicated that identifying the functional relationships
between sub-indicators and household vulnerability is essential to verify the correct direc-
tional impact on vulnerability. If the sub-indicator is positively correlated with vulnerabil-
ity, it signifies that the higher the indicator, the higher the household’s vulnerability. Hence,
a normalisation equation was used based on min—max normalisation (Joint Research Cen-
tre—European Commission, 2008) to obtain:
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X; — Min(X;)
"1 Max(X;) — Min(x,)

D

where X; illustrates the normalised value of sub-component i, X; is the actual value of sub-
component i, Min(X;) shows the minimum value of sub-component i, and Max(X;) shows
the maximum value of sub-component i. However, an increase in the sub-component
decreased household vulnerability. That is, the functional relationship between the sub-
component and household vulnerability was negative (negative correlation). Hence, the
normalisation equation was:

Max(X;) — X;

1

17 Max(X;) - Min(X,)

2

The normalised index score ranged from O (least vulnerable) to 1 (most vulnerable).
After each sub-component indicator was standardised, the average of the sub-compo-
nent indicators was used to calculate the value of each major component, as follows:

M, = Yo, index, 3)
n
where M, is the value of the major components for household #, including natural assets
(NA), physical assets (PA), financial assets (FA), human assets (HA), and social assets
(SA). index,; represents the sub-components indexed by the i of each major component,
and n is the total of the sub-components for each major component M,,.
The HVI for each household was measured using Eq. (4) to get the weighted average
of the index, as follows:

2?;1 w;My;

HVI, = S
i=1 ")

“4)

HVL — WnaNAy + W PA) + Wi FA, + wy,HA + wga SAy )
" WNA T Wpa + W + Whp + Wy

where HVI, is the HVI for household /4, and wy; is the number of sub-components of
each major component. The HVI value fluctuated from O (least vulnerable) to 1 (most
vulnerable).

The HVI classifies households into three categories according to their vulnerability
(Fig. 1):

1. Low vulnerability: Households can adapt to shocks and sustain their livelihoods with
minimal changes. As a result, they need less external support to cope with these changes.

2. Moderate vulnerability: Households are severely affected; they need urgent support but
only temporary assistance to deal with and recover from any shock.

3. High vulnerability: These are households that are considered emergency-level house-
holds; they are in an unrecoverable state and can only be recovered with specialised and
long-term assistance.
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Low vulnerability
(households are vulnerable but still
able to cope)

\ Households

(Natural Moderate vulnerability
Shocks (droughts, et (households are severely affected, they
floods, earthquakes, - Physical ‘ need urgent assistance but only temporary
epidemics) assets, assistance for recovery)
Financial
assets, Human
assets, Social
assets) High vulnerability
(households are in an unrecoverable
situation and can only be recovered with
specialized assistance)
= | | = | -
External vulnerability s Internal vulnerability | pmmm Results

Fig. 1 Conceptual framework of shocks and vulnerability. Scource: FANRPAN, 2011

In this study, if 0<HVI < 0.42, it indicated low vulnerability; if 0.42<HVI < 0. 75, it
indicated moderate vulnerability; if 0.76 <HVI < 1, it indicated high vulnerability.

2.2 Empirical model specifications
2.2.1 Feasible generalised least squares regression

The FGLS method was used to assess the influence of shocks on household vulnerability in
rural Vietnam in 2018. Bai et al. (2021) indicated that the FGLS method is more efficient
than the ordinary least squares (OLS) method, which involves heteroskedasticity and cross-
sectional correlations. The FLGS method can consistently estimate a large error covariance
matrix by using the banding and thresholding methods.

The reduced form of the linear regression is shown below:

Yi=ay+ X, b+

Where Yi is the dependent variable, illustrating the HVI and calculated from the
five components of natural, physical, financial, human capital, and social capital assets
(Table 1). The HVI ranged from O to 1; the higher it was, the more vulnerable the house-
hold was. X, indicates the independent variables of natural, biological, and economic
shocks; the head of the household’s age, gender, ethnicity, education, household size,
wages or salary, agricultural activities, non-agricultural income, resource use, housework
participation, participation in social events, dependents, and marital status (divorced, wid-
owed, or single); ¢, is the error term. These variables are presented in detail in Table 2.

2.3 Data

The results were based on the 2018 VARHS, which aimed to collect 15 sub-indicators to
measure the HVI. The dependent variable, explanatory variables, and control variables
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were collected and calculated from the VARHS 2018 dataset. The data sample included
2,974 rural households in 12 provinces of Vietnam, as obtained using a complex multi-
stage sampling method. These provinces were representative of five socio-economic
regions: (i) the Northern Midlands and Mountains: Lao Cai, Phu Tho, Lai Chau, and Dien
Bien provinces; (ii) the Red River Delta: Ha Tay province; (iii) the North Central and
South Central Coasts: Nghe An, Quang Nam, and Khanh Hoa provinces; (iv) the Central
Highlands: Dak Lak, Dak Nong, and Lam Dong provinces; (v) the Mekong River Delta:
Long An province. This dataset was used to assess the impact of shocks on household vul-

nerability in Vietnam (Fig. 2).
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Fig.2 Social-economic regions in Vietnam, ArcGIS 10.8
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Since 2002, the VARHS has been conducted due to the support of the Danida Research
Institute, as well as the advice of experts. By 2009, this programme was expanded in part-
nership with the United Nations University World Institute for Development Economics
Research (UNU-WIDER). Funding comes largely from countries and organisations such
as Sweden, Finland, Denmark, Korea International Cooperation Agency (KOICA), and
Department for International Development (DFID). The VARHS dataset was surveyed
every two years; however, the project ended in 2018. Therefore, the VARHS dataset from
2018 is considered the final version. VARHSs are conducted to access and collect data on
Vietnamese rural households related to the land, credit, and labour markets. The VARHS
supports a deeper understanding of the economic status of households in rural Vietnam,
with a focus on access to and the use of livelihood assets (natural, physical, financial,
human capital, and social capital), so it is considered a suitable dataset to measure the HVI.
It can also reflect the current trend of the impact of shocks on household vulnerability in
rural areas in Vietnam. In summary, in this study, the VARHS 2018 was considered an
appropriate dataset to use to measure the HVI in rural Vietnam. This dataset also helped
in assessing household vulnerability across five socio-economic regions and analysing the
impact of different types of shocks on household vulnerability in Vietnam.

3 Results
3.1 Household vulnerability and types of shocks among regions

Figure 3 reveals household damages in 2018 in terms of housing, paddy production, and
vegetable production. Figure 4 shows visualised statistical data about epidemic shocks,
namely the reduction in the number of pigs due to ASF in Vietnam in 2018 and 2019. The
Northern Midlands and Mountains and the North Central region ranked first in household
damage, which included the number of houses that collapsed, were swept away, flooded,
had their roof ripped off, or were otherwise damaged. It was found that the Northern Mid-
lands and Mountains are more vulnerable to natural disasters. Specifically, this region often
experiences landslides and flash floods every year (Pham et al., 2020), severely affecting
production activities and people’s livelihoods. Moreover, the research results showed that
the provinces of Kien Giang (in the Mekong River Delta), Quang Binh, and Ha Tinh (both
in the North Central region) had the highest number of damaged houses, with 13,045,
11,322, and 6,294 houses affected by natural disasters, respectively. In the North Central
region, the rainy season accounts for 68—75% of the year’s rainfall, and it frequently experi-
ences floods that severely affect people’s livelihood. It causes damage to people, produc-
tion activities, property, and the ecological environment. The flood regime in Ha Tinh is
more severe due to the steep terrain of the Lam River basin; in contrast, due to the hydrau-
lic characteristics of the Nhat Le River, the flood regime in Quang Binh is more moder-
ate (Casse et al., 2015). In general, less sturdy and precarious houses are frequently more
damaged by natural disasters (e.g. floods and storms) than permanent houses. Poor house-
holds also often live in flood-prone areas, so it is more difficult for low-income families to
migrate to safer areas or even repair their homes (Reed et al., 2013).

Moreover, the natural disasters in 2018 heavily affected agricultural activities. These
disasters caused damage to paddy and vegetable areas in most regions of the country, espe-
cially in the Red River Delta (Nam Dinh and Thai Binh provinces) and the North Central
and South Central Coasts (Thanh Hoa, Nghe An, Ha Tinh, and Binh Thuan provinces). The
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Fig. 3 Damages caused by natural disaster. Source: Provincial Statistical Yearbook 2019, ArcGIS 10.8

total estimated damage to rice and vegetable areas in Vietnam was 189,870 hectares and
79,399 hectares, respectively.

ASF is a highly contagious and deadly viral disease (Sur, 2019). The spread of ASF
outside Africa—most recently, to Mongolia and Vietnam—has raised awareness about this
devastating disease, which affects food security and the global swine industry (Dixon et al.,
2019). ASF first appeared in Vietnam at the end of 2018. The disease resulted in decreased
pig herd numbers in several provinces in the Mekong River Delta (Long An and Tra Vinh),
with a 20%-30% reduction in total pig herds. Through 2019, the epidemic heavily affected
most Vietnamese provinces, especially those in the Mekong River Delta, Red River Delta,
and North Central regions, causing sharp decreases in the total number of pigs. Nguyen
et al. (2022) indicated that ASF is a dangerous infectious disease caused by a virus that
affects pigs of all ages, and it became one of the greatest threats to the Vietnam pig indus-
try in 2019 (Anh et al., 2023). That is, in 2019, a total of 2,377 out of 5,220 pig farms in
Can Tho City, located in the Mekong River Delta, had ASF. Hence, 46 farms tested posi-
tive for ASF out of every 100 farms that were at risk of contracting it (Hien et al., 2023).

The HVI in rural Vietnam in 2018 ranged from 0.437 to 0.747. No household was
categorised as low vulnerability. Most households were at a moderate vulnerability
level, at 85.1%, and only 14.9% of households were at a high vulnerability level. There
was a similar tendency for the five regions, with over 80% of households demonstrating
medium vulnerability. The North Central and South Central Coasts ranked first in terms
of high vulnerability, at 16.6%, followed by the Northern Midlands and Mountains and
the Central Highlands, at 16.3% and 15.7%, respectively (Fig. 5). It was found that
people living in the North Central and South Central Coasts have suffered much more
than other regions, mainly due to their higher exposure to the context of vulnerability.
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Fig.4 Epidemic shocks— The change in the number of pigs due to African swine fever (ASF) in Vietnam.
Source: General Statistics Office, 2022

Moreover, due to it being adjacent to the East Sea (about 642 km away), in recent years,
natural disasters have occurred more frequently and at increasing intensity in this area,
especially storms, floods, and other severe natural disasters (Tran et al., 2022).

Figures 6a and b show that the estimated damage due to economic shocks was much
higher and fluctuated more than that of biological and natural shocks, at 1,097.72
USDS$, 270.69 US$, and 295.7 USS$, respectively (Fig. 6a). Economic shocks include
changes in crop prices, unemployment, unsuccessful investments, loss of land, crime
(robbery, theft), divorce, abandonment, or internal or extended family disputes. Here,
the Central Highlands populations ranked first, with an average loss of 1,130 USS$, and
they showed stronger fluctuations compared to the others. Conversely, the Mekong
River Delta showed the least damage due to economic shocks, with an average loss of
893.7 USS. Biological shocks include avian flu, pest infestation, and crop diseases. The
Mekong River Delta was the region most affected by biological shocks, with a loss of
661.07 USS$, and this showed more volatility. Total pig production in the Mekong River
Delta decreased significantly — by 1.38% in 2018 and 51.22% in 2019 — due to ASF
causing severe damage to livestock (General Statistics Office, 2022). Natural shocks
include floods, droughts, typhoons, and other natural disasters. In 2018, these shocks
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caused an average loss of 282 US$ per household in the Central Highlands and 250.48
USS$ per household in the Northern Midlands and Mountains.

Figure 7 shows that households in rural Vietnam faced higher rates of biological
shocks than other shocks, including avian flu (2.69%), pest infestation, and crop dis-
eases (3.19%). The average loss due to these shocks ranged from 8.7 US$ to 3,913 US$
per household. Natural shocks were the next most common, with 0.67% of households
experiencing drought (e.g. in the Mekong River Delta) and 0.17% of households expe-
riencing flooding; in addition, typhoons and other natural disasters affected 0.74% of
households.
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Fig. 7 The proportion of households experiencing shocks

In recent years, residents in the Mekong River Delta have suffered from drought and
saltwater intrusion more frequently (Khong et al., 2020; Loc et al., 2021; Tran et al.,
2021). As a result, drought and saltwater intrusion have seriously affected people’s
livelihoods and adaptive capacity (Tran et al., 2021), leading to a significant decrease
in agricultural output in this region (Khong et al., 2020). Moreover, other natural dis-
asters, such as heavy rains, flash floods, and landslides, mainly occur in the Northern
Midlands and Mountains (Pham et al., 2020), while the North Central and South Cen-
tral Coasts are frequently exposed to storms, heavy rain, floods, and tropical depres-
sion (Luu et al., 2019).

In terms of economic shocks, changes in crop prices caused heavy losses to many
farmers (0.81%), with an average loss of 399.48 USS$, followed by the shock of the
serious illness, injury, or death of a household member (0.67%). Other shocks that
were less widespread but just as impactful were unsuccessful investments (0.13%),
crime (0.1%), and additional shocks. Price fluctuations have historically caused signifi-
cant economic instability for manufacturers. For example, in Mexico and Vietnam, cof-
fee prices have been volatile, with sudden changes causing significant shocks to coffee
farmers and making them more vulnerable. Moreover, during an economic recession,
coffee farmers often fall into debt and cannot recover their investment capital (Eakin
et al., 2009).

Figure 8 shows the responses of households to shocks. Most households did noth-
ing when faced with natural, biological, or economic shocks (44.21%, 67.02%, and
51.47%, respectively). Cost-cutting ranked second in coping mechanisms, with 41.05%
of households having difficulty with natural shocks and approximately 25% facing bio-
logical shocks using this strategy. However, 17.65% of households experiencing eco-
nomic shocks received assistance from relatives or friends. In addition, it was found
that households can use savings, sell livestock and poultry, or rely on bank loans to
overcome shocks. Similarly, Nguyen et al. (2020) indicated that selling durable assets
is a useful strategy to cope with shocks. Receiving assistance from relatives and
friends is considered the main coping strategy for health shocks.
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Fig.8 Households’ responses to shocks

3.2 The impact of shocks on household vulnerability in Vietnam

Table 3 shows the effects of shocks on household vulnerability in Vietnam, includ-
ing natural, biological, and economic shocks. First, OLS regression was used to assess
the impact of shocks on household vulnerability for Vietnam as a whole and five socio-
economic regions therein. The variance inflation factors of the independent variables
were less than 2; in other words, perfect collinearity did not occur in this model. How-
ever, the Breusch—Pagan test was applied to these models, and it showed heteroskedas-
ticity, with Prob>chi>=0.0000, except the Mekong River Delta model, which used
Prob > chi’>=0.5253. Therefore, FGLS regression was used to remedy the heteroskedastic-
ity problem (Lee et al., 2019), with Prob>F=0.0000 for all models in Table 2, proving
that these models were statistically significant.

Testing the econometric model resulted in the discovery that natural shocks, including
floods, droughts, storms, and other disasters, had a positive influence on the vulnerabil-
ity level of households in Vietnam. If the estimated damage of these shocks increased by
1,000 USS$, it would have increased the HVI by 0.01 points. The same trend was shown for
the Northern Midlands and Mountains, but with a greater influence: The results showed
an increase in HVI of 0.018 points, with significance at 10%. Opiyo (2014) indicated that
when people face more than two hazards in five years, this contributes negatively to house-
hold vulnerability. Furthermore, disasters—including floods, hurricanes, heat waves, and
droughts—can have a considerable influence on health, the environment, and socio-eco-
nomic development (Visser, 2014). Exposure to weather shocks also reduce expenditure
on basic activities and social contributions by 38 and 40 percentage points, respectively
(Akampumuza & Matsuda, 2017), while moderate drought causes household consump-
tion in rural areas of Vietnam to decrease by 9% (Hill & Porter, 2017). Ethnic minority
groups living in the Northern mountainous areas of Vietnam are particularly vulnerable
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to climate-induced natural hazards (Nguyen et al., 2021b), especially communities such as
the Thai and Hmong people living in the northwest mountainous regions (Nguyen & Leisz,
2021).

Natural shocks impact household vulnerability throughout Vietnam, particularly for
populations in the Northern Midlands and Mountains. Meanwhile, economic shocks—such
as changes in crop prices; shocks related to the serious illness, injury, or death of a house-
hold member; unsuccessful investments; crime—have a positive effect on household vul-
nerability. The total loss per household increased by 1,000 USS$, leading to an increase of
0.008 HVI points at a significance of 1% and an increase of 0.026 in the scores of the North
Central and South Central Coasts. Similarly, Hill and Porter (2017) showed that rainfall and
price shock impacts on welfare lead to increased vulnerability. Additionally, Ubilava et al.
(2021) indicated that commodity price shocks can exacerbate conflict in low-income coun-
tries where agricultural activities are considered the primary source of income. The sharp
increase in food prices also increased the vulnerability of low-income groups to external
shocks (Tiwari & Zaman, 2010). Contrastingly, biological shocks did not affect household
vulnerability. For example, the epidemic shocks for livestock that occurred at the end of
2018, mainly due to ASF, only caused a slight decrease in pig herds in some provinces of
southern Vietnam (Fig. 4). Overall, these shocks did not affect the household vulnerability
of the Central Highland and Mekong River Delta regions. The cause of this low influence
may have been because the impact level of the three types of shocks was weak and did not
seriously affect households in these regions.

Additionally, household characteristics significantly influenced the HVI. For example,
having a female household head increased HVI scores in the North Central and South Cen-
tral Coasts by 0.015. Female-headed households are particularly vulnerable to the more
serious effects of shocks due to a lack of access to beneficial resources and opportunities to
embrace credit, land, and non-agricultural employment (Akampumuza & Matsuda, 2017).
Furthermore, each additional year of age of the household head reduced the HVI score
in the whole country and the Northern Midlands and Mountains by 0.001. However, the
household head’s age only moderately affected HVI scores in the North Central and South
Central Coast and Central Highlands regions, at 0.0005 and 0.0002, respectively. Opiyo
et al. (2014) and Smith et al. (2015) also found evidence that the household head’s age is
a significant demographic factor affecting socio-economic vulnerability. However, house-
holds headed by individuals over 65 years are often more vulnerable than those headed
by younger people (Dwyer et al., 2004). As a result, it may be more difficult for elderly
household heads to prepare strategies that enable their families to cope with the stresses
and adverse effects of climate change, potentially making them more vulnerable (Opiyo
etal., 2014).

If the household head has a higher education, resilience after natural disasters can be
improved; education is associated with higher levels of long-term recovery (Frankenberg
et al., 2013). That is, the lower the number of educated household members, the higher
the vulnerability of the household (Jimoh et al., 2021). Pichler and Striessnig (2013) also
indicated that better education provides noticeable short-term effects on vulnerability
reduction. Education raises awareness and provides access to critical information, allowing
educated people to respond and recover faster and more effectively to warnings and disas-
ters. Investing in education is a vital strategy to prepare communities for the uncertainty of
disasters resulting from future climate events. Education also empowers people and helps
reduce vulnerability to climate change-related disasters (Striessnig et al., 2013). In other
words, household heads with a low level of education may be more vulnerable to climate
change-related disasters, including food and water insecurity (Zhou et al., 2016). In the
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present study, one additional year of schooling or higher education decreased the HVI for
the whole country, Northern Midlands and Mountains, and Central Highlands by 0.001, as
well as for the North Central and South Central Coasts by 0.002.

In addition, households with heads that are married are more vulnerable than house-
holds with heads that are divorced, widowed, or single. This may be because married
women are more susceptible to domestic violence from their husbands (Putra et al., 2019).
Additionally, married mothers are more vulnerable to depression and have problems
with their relationships with their partners relating to a lack of love and support (Kadir
& Bifulco, 2013). Herbst-Debby et al. (2021) showed that divorce increases the risk of
poverty for women but reduces the risk for men. Further, widowhood tends to increase the
risk of poverty for men, while women become more vulnerable as the number of children
increases. Contrastingly, Zhou et al. (2016) indicated that households with an unmarried
household head tend to show a higher vulnerability to climate change-related disasters than
households with a married household head. A substantial proportion of the households
considered highly vulnerable to climate change-related disasters had household heads that
were widowed or single. Widowed or divorced families are also 37.4% more likely to be
vulnerable than married families (Opiyo et al., 2014).

Furthermore, the household size variable must be considered. Increasing the household
by one member decreased the HVI scores for the Red River Delta and Mekong River Delta
by 0.02, which was higher than the score of the whole country and Northern Midlands and
Mountains at 0.018. Household size affects the HVI score because the more members there
are in a household, the more likely it is that one member would engage in various activities
that would benefit the entire household (Walugembe et al., 2019). Opiyo et al. (2014) also
suggested that household size has a great influence on households’ vulnerability level. That
is, when a household’s size increased by one member, the household’s vulnerability score
was lower than the levels representing moderate and high vulnerability (Thabane, 2015).

In addition, some households have many dependents, particularly young children and
the elderly. Dependence, a form of vulnerability that requires the support of a specific per-
son, can increase household vulnerability (Dodds, 2014). In the absence of social systems
to take care of these dependents, family resources can be exhausted, consequently increas-
ing the household’s vulnerability (Mustafa et al., 2011). The research results showed this
phenomenon in all regions of Vietnam, except the North Central and South Central Coasts.

Economic activities have a significant impact on household vulnerability. Households
with members participating in household production related to agriculture, forestry, aqua-
culture, and housework or chores were more vulnerable than others, with HVI scores of
0.005 (whole country), 0.004 (Northern Midlands and Mountains), and 0.006 (Central
Highlands). Agricultural activities are affected by climate change because they are directly
dependent on climate change (Praveen & Sharma, 2019); hence, participating in agricul-
tural activities causes an increase in vulnerability.

Joining non-farm activities decreased HVI scores by 0.002 for the whole country and by
0.005 in the North Central and South Central Coasts; households with access to non-farm
activities are less vulnerable, which can reduce poverty significantly (Bui & Hoang, 2021;
Imai et al., 2015).

Employment status is also an important factor in a household’s vulnerability. Increasing
the number of members working for wages or a salary outside the home reduced household
vulnerability scores by 1.86 in the Mekong River Delta. Houses with higher unemploy-
ment or increased family sizes are more likely to receive a lower income, so they have lit-
tle or no financial resources to spend on the prevention of and support for emergencies or
disasters related to extreme climatic events. Most of the household heads in the rural areas
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of Vietnam were unemployed and did not own land or other assets, so they had to rely on
government subsidies (Zhou et al., 2016).

Increased housework or chores also raised household vulnerability, with scores fluctu-
ating from 0.03 to 0.07. This may be because, as Tabler and Geist (2021) demonstrated,
spending time doing housework is associated with depressive symptoms for female
caregivers.

Participating in social activities helped to reduce the HVI score by 0.006; the higher a
household member’s participation in social organisation, the lower the household vulner-
ability (Jimoh, 2021). In general, participating in social activities showed the greatest mar-
ginal effect values compared to the other variables. It was found that accessing social sup-
port networks and participating in community organisations help some individuals increase
their capacity (Mustafa et al., 2011) and are related to reduced vulnerability. That is, those
who participated in a higher number of family-strengthening activities were more likely to
reduce vulnerability than those with lower participation levels (Walugembe et al., 2019).

In summary, the HVI was applied to measure household vulnerability based on five
major livelihood assets (natural, physical, financial, human capital, and social capital) with
15 sub-indicators. The results showed that the HVI fluctuates from 0.437 to 0.747, so most
households are at a moderate level of vulnerability. Specifically, approximately 92.7% of
households living in the Mekong River Delta were identified as moderately vulnerable, fol-
lowed by those in the Red River Delta at 89.5%. Moreover, FGLS regression was applied
to analyse how different types of shocks affect household vulnerability. The results showed
that natural and economic shocks increase household vulnerability nationwide. In addition,
in the North Central and South Central Coasts, economic shocks significantly increase the
HVI.

4 Conclusions and policy implications

The HVI was applied to measure household vulnerability in rural areas in Vietnam based
on five livelihood assets, namely natural, physical, financial, human capital, and social cap-
ital assets. The results showed that most households (85.1%) in rural areas in Vietnam were
at a moderate vulnerability level, while 14.9% were categorised as being at a high vulnera-
bility level. Unfortunately, no households were at the low vulnerability level. The trends of
the five socio-economic regions were also similar. For high vulnerability, the North Central
and South Central Coasts ranked first, followed by the Northern Midlands and Mountains.
Moreover, natural and economic shocks increased household vulnerability, while biologi-
cal shocks did not affect household vulnerability, in rural areas during the period under
study. Natural shocks—such as floods, droughts, storms, and others—caused an average
loss of 250.48 US$ per household in the Northern Midlands and Mountains. Due to low
adaptive capacity, most households had weak responses when experiencing natural, bio-
logical, or economic shocks. Therefore, to limit the impact caused by shocks, households
must improve their capacity to respond to various shocks, increase their participation in
social activities and non-farm activities, improve their educational levels, and diversify
their income.

Moreover, community intervention is necessary to reduce exposure to and limit the
impact of natural disasters. Hence, public responses will be more effective if appropriate
programmes and mechanisms are established before natural disasters occur, such as the
building of a natural disaster warning system or dyke and drainage system in flood-affected
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areas. In addition, different types of shocks negatively impact households in different ways,
so households need to receive support programmes to cope with the specific shocks that
they are experiencing (e.g. disaster, financial, or housing assistance).
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