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Abstract
This study analyzed the effects of climate change on rice farmers’ livelihoods vul-
nerability by using primary data elicited from 405 rice farming households in Can 
Tho, Dong Thap, and Tien Giang provinces in the Mekong Delta Region (MDR) 
of Vietnam. The Livelihood Vulnerability Index (LVI) showed that Can Tho prov-
ince was the most vulnerable to climate change, followed by Dong Thap and Tien 
Giang provinces. In particular, the social index sub-indicator showed high vulner-
ability. The beta regression analysis identified seventeen significant factors influenc-
ing the susceptibility of rice farming households in the study area, such as weather 
information, flood occurrence, drought occurrence, access to extension services, 
access to credit, and cooperative membership as well as demographic variables and 
livelihoods related factors. The LVI result suggests the need for the government to 
consider raising the priority on households in Can Tho province through adaptation 
support to improve the resilience and adaptive capacity, especially by enhancing the 
social network in this area to stimulate support from local authorities and farmer 
groups. The regression results imply that extension services should provide ade-
quate and timely weather information to equip the farmers to be more prepared for 
climatic shocks. Moreover, credit facilities with low interest rates should be made 
available, especially to those who are members of agricultural cooperatives.
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Résumé
Cet étude analyse les effets du changement climatique sur la vulnérabilité des sub-
sistances des agriculteurs de riz au Vietnam, utilisant des données primaires obtenues 
auprès de 405 ménages d’agriculteurs de riz aux provinces Can Tho, Dong Thap, 
and Tien Giang de la région du delta du Mekong (en anglais : Mekong Delta Region, 
MDR). L’indice de vulnérabilité de la subsistance (en anglais : Livelihood Vulner-
ability Index, LVI) montre que la province du Can Tho est la plus vulnérable au 
changement climatique, suivi par les provinces Dong Thap et Tien Giang. Le sous-
indicateur de l’indice sociale montre notamment une vulnérabilité élevé. L’analyse de 
régression beta identifie dix-sept facteurs significatifs qui influencent la susceptibilité 
des ménages d’agriculteurs de riz dans la zone d’étude, tels que les informations 
météo, l’occurrence d’inondations et de sècheresses, l’accès aux services de conseil 
et développement agricole et au crédit, l’adhésion a une coopérative, ainsi que des 
variables démographiques et d’autres relationnes a la subsistance. Les résultats LVI 
suggèrent qu’il est nécessaire que le gouvernement considère augmenter la priorité 
des ménages dans la province du Can Tho en proposant des aides à l’adaptation afin 
d’améliorer la résilience et capacite adaptive, notamment en renforçant le réseau so-
ciale dans cette province, pour stimuler le soutien des autorités locales et des groupes 
d’agriculteurs. Les résultats de la régression impliquent que les services de conseil 
et développement agricole devraient fournir des informations météo opportunes et 
adéquates afin que les agriculteurs soient plus préparés aux chocs climatiques. Par 
ailleurs, des facilites d’emprunt avec des taux bas devraient être mises à disposition, 
en particulier aux membres des coopératives agricoles.

Introduction

While climate change is a global phenomenon, its adverse impacts tend to be 
more severe in developing countries as their agrarian economies predominantly 
rely on rainfed production environments. Climate change is predicted to increase 
the frequency of natural disasters, and affect crop yields, food security and liveli-
hood vulnerability (IPCC 2014; Mendelsohn 2014; Ali et al. 2017; Jamshidi et al. 
2019; Tran et al. 2019a). Smallholder farming households are susceptible to the 
effects of changing climate due to the lack of capacities to cope with these effects 
and achieve sustainable livelihoods (Jamshidi et al. 2019; Azumah et al. 2020).

In the context of continued climate change and the adverse impacts of cli-
matic events on communities around the world, livelihoods’ vulnerability assess-
ments have gained prominence from scientists. A livelihood is sustainable when 
it can cope with and recover from stress and shocks caused by natural disasters or 
human activities, and retain or improve its capacities and assets (natural, physi-
cal, human, financial, and social capital) (Scoones 1998; Chambers and Conway 
1992; Allison and Ellis 2001). Vulnerability evaluation offers a framework for 
measuring the sociodemographic, economic, and environmental effects of cli-
matic events on households’ livelihoods, which is expected to inform adaptation 
strategies to enhance their resilience and mitigate climate shocks (Zarafshani and 
Maleki 2020; Jamshidi et al. 2019).
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Vulnerability is defined in various ways, corresponding to specific contexts. 
According to the Intergovernmental Panel on Climate Change (IPCC) (2001), 
vulnerability to climate change is defined as the magnitude of exposure or risks 
to the adverse effect of climate change, including the inability to cope with those 
risks. FANRPAN (2011) defines vulnerability as the failure to survive under the 
negative effects of exposure to shocks related to environmental and social varia-
tion, and inadequate capability to adapt to those effects. Other scholars note that 
vulnerability is the magnitude of exposure, sensitivity, and adaptive capacity to 
any risk of groups of people, locations, or systems (Cutter et  al. 2008; Nelson 
et al. 2009; IPCC 2007; Alhassan et al. 2019).

Based on the standard definition, the vulnerability framework is considered as 
a powerful framework for assessing vulnerability. Using this framework, Hahn 
et  al. (2009) created an indicator-based vulnerability estimation approach (i.e. 
Livelihood Vulnerability Index) to assess the vulnerability of households to cli-
mate change in Mozambique and since then this approach has been used by scien-
tists globally (Panthi et al. 2016; Adu et al. 2018; Oo et al. 2018; Alhassan et al. 
2019; Azumah et al. 2020). The livelihood vulnerability index (LVI) is designed 
to provide policymakers an overview about sociodemographic, and other related 
factors that contribute to climate change vulnerability at a district level, provin-
cial level, or regional level.

The Mekong Delta Region (MDR) of Vietnam is the world’s third largest delta, 
known as one of the most productive regions for agricultural activities, account-
ing for 55% of national rice production and 90% of the national rice exports. 
In 2019, the whole country produced 42.8 million tons of rice and contributed 
6.26 million tons valued at USD 2.76 billion (13.7% of total world rice exports). 
The agricultural sector employs 37.7% of the MDR’s population who are aged 
15 years and above (Anthony et al. 2015; GSO 2019). Thus, any damage caused 
by climate change in the MDR could adversely affect the livelihoods of million 
people in the MDR as well as food security around the world.

Due to the flat topography at the downstream of the Mekong river basin and a 
massive amount of water from the upstream, especially during the rainy season, 
annual floods often occur in the MDR for many days or months. In the MDR located 
in the tropical monsoon region, many farmers already adapted to inundations during 
the rainy season, which is referred to as “living with floods”, and they even gained 
additional income aside from growing rice by catching fish and collecting other nat-
ural foods from nearby lakes and rivers. Due to climate change, however, unpredict-
able floods damaged over 2.7 million ha of farmland to the detriment of smallholder 
farming households (Nguyen et al. 2013; Minderhoud et al. 2020). Besides, the El 
Niño–Southern Oscillation (ENSO) phenomenon creates considerable variations 
in precipitation ranging from severe drought to large-scale floods. Because of the 
ENSO, the rainy season begins later than in years with La Niña and non-ENSO, 
and rainfall patterns tend to be less and erratic, which heightens the risk of drought 
(Clauss et al. 2018; Khong et al. 2018; Bui et al. 2019; Le et al. 2019; Nguyen et al. 
2019a, 2019b). Moreover, flood and drought may take place due to human activi-
ties such as hydropower dam performance, dike construction, and ground water 
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withdrawal, leading to yield reductions and food scarcity (Boretti 2020; Nguyen 
et al. 2019a, 2019b).

In this context, adoption of adaptation strategies is crucial for farmers to be able 
to cope with extreme climatic events. In fact, many strategies have been introduced 
in the MDR, such as adjusting planting calendars, changing planting techniques, 
managing water resources, diversifying crops and varieties, and diversifying income 
sources. Among those strategies, crop diversification is particularly preferred, in 
which they convert all or part of rice land to grow annual crops (vegetables, bean, 
and sweet potato) and perennial industrial trees (cocoa, coconut, banana, dragon 
fruit, and pineapple), while developing eco-tourism activities (Tran et  al. 2019a). 
Otherwise, migration to non-farm sectors is the last option (Tuyen 2013; Dang et al. 
2014; Smajgl et al. 2015; Ngo 2016; Vu et al. 2016; Nguyen et al. 2020).

Vulnerability of the MDR involves a combination of different issues caused by 
climate change and its hazards. Previous studies have examined mapping of drought 
and flood or the vulnerability of farmers in a selected province with specific socioec-
onomic characteristics and climatic conditions (Nguyen et al. 2013, 2019a; Le 2016; 
Tran et al. 2016). The literature on the effects of climatic events on rice farmers in 
the MDR tends to find the effects unspecific to ecological zones (Dang et al. 2014; 
Berg et al. 2017; Clauss et al. 2018; Bui et al. 2019; Boretti 2020). Lack of zone-
specific knowledge of the effects of climate change on farmers’ livelihoods is a bar-
rier to the implementation of appropriate livelihood strategies for building farmers’ 
resilience (Panthi et al. 2016; Sarker et al. 2019).

This study attempts to fill this gap in literature by analyzing the effects of climate 
change on rice farmers’ livelihoods in the following three agro-ecological zones in 
the MDR: alluvial zone (Can Tho province), deep-flood zone (Dong Thap prov-
ince), and saline zone (Tien Giang province). Those provinces were selected for the 
study because of the population of rice producers in the area and the vulnerability 
of the farming households to annual flood and drought. Likewise, several other fac-
tors contribute to the households’ vulnerability and reduce their adaptive capacities, 
therefore, this study also analyzed the effects of sociodemographic, institutional and 
locational factors on the vulnerability of the farming households.

The objective of this study is to assess the vulnerability of smallholder rice farm-
ers in the MDR of Vietnam to climate change and to investigate the factors influenc-
ing the vulnerability in the same area. Specifically, this study sought to answer the 
following research questions:

1. What is the extent of smallholder farmers’ vulnerability to climate change in the 
MDR of Vietnam?

2. What are the factors influencing smallholder farmers’ vulnerability to climate 
change in the study area?

The rest of this study is structured as follows. “Materials and Methods” sec-
tion presents the evidence of climate change in the study area; “Methods of Analy-
sis” section presents the materials and methods; “Results and Discussion” section 
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presents the results and discussion; and “Conclusion” section provides the conclu-
sions and policy implications.

Climate change in the MDR

Temperature and rainfall are the key climate variables that significantly influence 
agricultural production. In Vietnam, on average, temperature rose by 0.42 °C dur-
ing the period 1985–2014 (Dang et  al. 2014; MONRE 2016). In addition, in the 
MDR, it is observed that the rainfall patterns are increasingly unpredictable in terms 
of timing and distribution over the recent periods (Dang et al. 2014; Lee and Dang 
2019a). The timing of rainfall in the MDR shifted over the last 10 years, where pre-
cipitation increased toward the end of the rainy season and decreased at the onset of 
the rainy season and during the dry season, indicating a high risk of inundation in 
the rainy season and water shortage during the dry season (Nhan et al. 2011; Dang 
et al. 2014; CCAFS-SEA 2016; Lee and Dang 2019b). Further, it is worth noting 
that the MDR received low precipitation during the 2006–2015 compared to the 
preceding two decades due to various impacts of climate change including El Niño 
events (Dang et al. 2014; Dang et al. 2019; Ngo 2016; CCAFS-SEA 2016; MONRE 
2016; Lee and Dang 2019a; Lee and Dang 2019b; Do et al. 2020).

The data from the Southern Regional Hydro-Meteorological Centre of Vietnam 
(SRHMC) and the National Centre for Hydro-Meteorological Forecasting of Viet-
nam (NCHMF) showed that during the period 2002–2003, rainfall shortages hap-
pened in six provinces of the MDR with the peak values of droughts in Dong Thap 
and Tien Giang provinces. Also, during the period 2014–2015, extreme droughts 
occurred in all provinces of the MDR except Tien Giang province. These observa-
tions are consistent with the literature (Lee and Dang 2019c, 2020; Tran et al. 2020; 
Phan et al. 2020; Nguyen et al. 2020).

b = 0.03 (p < 0.05)
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Fig. 1  Annual temperature of the study area spanning 1986–2015. Source: SRHMC (2012); NCHMF 
(2016)
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Regarding the temperature trend in the study area, we analyzed historical data 
(Fig. 1) using regression and estimated the time trend coefficient while controlling 
for province fixed effects as employed by Eshetu et al. (2016). The result shows that 
the time trend coefficient was 0.03 (p < 0.05) indicating that annual temperature rose 
by 0.03 °C per annum on average during these three-decades.

Materials and Methods

Study Area

The study was conducted in the MDR of Vietnam. This region is characterized by the 
tropical monsoon climate with two distinct seasons in the year, including the rainy 
season (from May to November) and dry seasons (from December to April). The 
average annual temperature is approximately 27 degrees Celsius; the average annual 
rainfall is approximately 1130 mm and the average humidity is 75–80%, which is 
favorable for agricultural development. The MDR has a land area of approximately 
40,550 square kilometers (13% of Vietnam’s land area), with a population of 17.27 
million, which is 18% of the national population, wherein male accounts for 49.8%, 
and female accounts for 50.2%. Vietnam is the 15th most populous country in the 
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Fig. 2  Study Sites: Tien Giang, Dong Thap, and Can Tho provinces in the Mekong Delta Region. 
Source: Adapted from General Statistics Office of Vietnam (GSO 2019)
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world and the 3rd in Southeast Asia. The delta contributes approximately 18% of 
the national GDP, primarily from aquaculture and agricultural production, with an 
average per capita income of approximately USD 2217 in 2018. Rice plating area 
is estimated at 7.47 million ha, and rice land productivity is estimated at 5.82 tons/
ha. The MDR is experiencing the effects of climate change in the form of fluctuat-
ing rainfall patterns, more frequent and severe floods and droughts (GSO 2019; Tran 
et al. 2019b).

This study was conducted in the three provinces, which are representatives for the 
three distinguished agro-ecological zones, including alluvial zone (Can Tho prov-
ince), deep-flood zone (Dong Thap province), and saline zone (Tien Giang prov-
ince) (Fig. 2). Can Tho province is the central area of the MDR with a total popula-
tion of 1.24 million residents. Dong Thap province with a total population of 1.60 
million residents is one of the largest rice-producing areas, and Tien Giang province 
is the second largest district in the region with a population of 1.76 million residents 
(GSO 2011).

Sampling Technique and Data Collection

Data used for this study came from primary sources. An initial questionnaire was 
designed based on literature and was customized to the local context in the Viet-
namese language. A pre-test was conducted with 30 randomly selected rice farm-
ers in the study area outside the final sample, and then the final questionnaire was 
developed by removing ambiguities. The study assumed that household heads were 
largely responsible for making decisions on each or a combination of livelihood 
alternatives for utility maximization. Thus, household heads were the target for the 
interviews (Kuwornu et al. 2014). Prior to the interviews, discussions were held with 
community leaders to record their opinions and obtain permission for the survey. 
Subsequently, the leaders of the villages gathered farmers in groups for interviews. 
On the decided dates, an average of 30 min was spent to go through the question-
naire with each household. The survey was conducted from June 2019 to July 2019.

Table 1  Sample size determination for the study

Province Population Minimum sample size suggested by 
proportionate sampling

District Actual 
sample 
size

Tien Giang 122,845 (122,845/350,018)*400 = 140 Cai Be 70
Go Cong 74

Dong Thap 156,679 (156,679/350,018)*400 = 179 Chau Thanh
Thanh Binh
Thap Muoi

46
90
43

Can Tho 70,494 (70,494/350,018)*400 = 81 Co Do
O Mon

37
45

Total 350,018 400 405
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A three-stage sampling approach was employed. The first stage was the purpo-
sive selection of Can Tho, Dong Thap, and Tien Giang provinces in the Southwest 
of MDR. The second stage was the purposive selection of districts with climate 
change and variability, while the final stage was the proportionate random selection 
of rice farmers from the selected districts. The population of rice producers in the 
three provinces was 350,018 (GSO 2011). Following Yamane (1967) and given an 
assumed 5% margin of error, the minimum suggested sample size was determined as 
follows:

where n denotes the sample size, N denotes the population and e denotes the margin 
of error. Table 1 shows the overall sample size determination. It is worth mentioning 
that 405 households were interviewed, implying a smaller margin of error than the 
5%, thereby raising the statistical power of the analysis than initially planned.

A structured questionnaire was designed with respect to seven major components 
and 31 subcomponents of the livelihood vulnerability index (LVI). Farmers were 
asked about their livelihoods at the time of interviews (in 2019), including infor-
mation about the sociodemographic profile, livelihood strategies, and water com-
ponents. Several questions related to the health component (i.e. average travel time 
to a health facility and average dengue exposure prevention index), food component 
(i.e. food struggle problem), and social network component (i.e. government assis-
tance and extension service) were asked to address the level and the frequency of 
households’ vulnerability during the past 12 months (2018–2019). Other informa-
tion related to natural disasters (i.e. numbers of severe events, warning system, and 
loss of crops and other assets) was covered for the past 5 years (2014–2019), espe-
cially reminding them of the weather shocks that had happened during the severe 
drought in 2015–2016, and flood in 2018, as severe disasters were most likely to be 
remembered (Hahn et al. 2009).

Methods of Analysis

Measuring Smallholder Rice Farmers’ Vulnerability to Climate Change

The study applied both descriptive statistics and econometric analysis to exam-
ine the data gathered from respondents. For descriptive statistics, frequencies and 
percentages were used to analyze the socioeconomic characteristics of the rice 
farmers in the three provinces.

This study builds on previous research (Hahn et al. 2009; Gerlitz et al. 2016; 
Adu et al. 2018; Nguyen et al. 2018; Oo et al. 2018; Amuzu et al. 2018) to pro-
vide insights into the effect of climate change and socioeconomic and institutional 
factors affecting the vulnerability of rice farming households in the MDR of Viet-
nam. Following Hahn et  al. (2009), this study adopts the integrated indicator 

n =
N

1 + Ne2
=

350, 018

1 + 350, 018 × (0.05)2
= 400
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approach, while the livelihood vulnerability index (LVI) was constructed in three 
selected provinces of Vietnam.

The LVI was derived from all the households selected for the study, using 
seven major components, namely, health (H), food (F), water (W), sociodemo-
graphic profile (SDP), livelihood strategies (LS), social network (SN), and nat-
ural disasters and climate variability (NDCV). Each major component includes 
several sub-components, and the values of each sub-component was calculated on 
a different scale.

The detailed definition and calculation of sub-components, major components, 
and the LVI are presented in Supplementary Appendix 1 and Appendix 2. Sup-
plementary Appendix  1 shows the values of 31 sub-components that made up 
the seven major components, and the overall LVI for the three provinces: Can 
Tho, Dong Thap, and Tien Giang provinces (n = 405). Supplementary Appen-
dix 2 describes the calculation of the sociodemographic major components from 
four sub-components (dependency ratio index, households where the head had 
not attended school, female-headed households, and households with orphans) as 
well as the LVI of Dong Thap province (179 respondents) generated by values of 
seven major components.

The values of each sub-component were standardized into an index as in Eq. (1).

where Sr denotes the mean value of the sub-component indicators for province r, 
Smin, and Smax denote the minimum and maximum values, respectively.

To obtain the index of each major component, the sub-component indicators 
were averaged using Eq. (2):

where Mr denotes the index of one of the major components for province r; index 
indexSir represents the value of the ith sub-component that makes up each major 
component, and n denotes the number of sub-components in each major component.

Then, Eq. (3) was used to obtain the LVI for each province:

where LVIr denotes the mean value of the livelihood vulnerability index for prov-
ince r; Mjr denotes the value of one of the major components j of province r; wMj 
denotes the weights of each major component j, in which all sub-components con-
tribute equally to the overall LVIr . It is worth noting that Eq. (3) can be expanded as 
specified in Eq. (4):

(1)indexSr =
Sr − Smin

Smax − Smin

(2)Mr =

∑n

i=1
indexSr

n

(3)LVIr =

∑7

j=1
wMjMjr

∑7

j=1
wMj
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Based on the computed LVI, farmers’ vulnerability to climate change was 
categorized into five levels: least (0 ≤ LVI ˂ 0.31), low (0.31 ≤ LVI ˂ 0.47), 
moderate (0.47 ≤ LVI ˂ 0.52), high (0.52 ≤ LVI ˂ 0.61), and extreme levels 
(0.61 ≤ LVI ≤ 1.00). This categorization is a modification of the FANRPAN 
(2011) categorization of farmers’ vulnerability to climate change.

Factors Influencing the Vulnerability of Farmers to Climate Change

After estimating the livelihood vulnerability scores, the study proceeded to examine 
the factors influencing the vulnerability at the household level using the beta regres-
sion. When the dependent variable is a proportion between zero and one, the Ordi-
nary Least Squares (OLS) regression yields biased and inefficient estimates due to 
the skewed distribution of the residuals. Moreover, such dependent variables often 
violate the OLS’s assumptions of normality and homoscedasticity as values tend to 
be concentrated within the middle range, and less so in the lower and upper lim-
its. The beta distribution is a flexible distribution which can accommodate either 
symmetrical or skewed distributions and can model continuous random variables 
that assume values in the standard unit interval (0, 1), such as percentages and pro-
portions (Ferrari and Cribari-Neto 2004; Cribari-Neto and Zeileis 2010; Unlu and 
Aktas 2017; Azumah et al. 2020).

In this study, the dependent variable is the overall LVI aggregated from various 
indicators collected from the households.

The beta regression is defined as in Eq. (5) as follows:

where g
(

�t

)

 is assumed to follow a logit link. In this study, xi is a vector of inde-
pendent variables, �i is a vector of estimated parameters, and the subscript i denotes 
the ith observation in the dataset. Given the logit functional link, the specific empiri-
cal model of this study is specified in Eq. (6) as follows:

(4)

LVIr =
wSDPSDPr + wLSLSr + wSNSNr + wHHr + wFFr + wWWr + wVDCVNDCVr

wSDP + wLS + wSN + wH + wF + wW + wVDCV

(5)g
(

�t

)

=

k
∑

i=1

xi�i

(6)

LVI = �0 + �1Age + �2Gender + �3Family labor + �4Farming experience

+ �5Education + �6Farm size + �7Farm size squared + �8Economic activity

+ �9Endowment + �10Off − farm income + �11Cooperative membership

+ �12Extension services + �13Land renting + �14Access to credit

+ �15Access to input + �16Access to storage + �17Access to transportation

+ �18Flood experience + �19Drought experience + �20Weather information

+ �21Can Tho province + �22Dong Thap province
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For the two variables, endowment and off-farm income, one dollar was such a small 
amount for influencing the dependent variable. Thus, the currency unit was denomi-
nated by USD 1000, and therefore the unit increase in independent variables became 
an increment by USD 1000, to facilitate the quantitative interpretation of the estimated 
coefficients. As for farm size, a squared term was also included in the regression to 
measure the potential non-linear relationship between the LVI and farm size (Fertő and 
Stalgienė 2016; Alhassan et al. 2019).

The coefficients in the beta regression are quantitatively interpreted as the additional 
increase or decrease in the log-odds ratio for the dependent variable or the outcome 
in response to a unit increase in each independent variable or a change from zero to 
one in the case of dummy independent variables. For numerical independent variables, 
the coefficient is interpreted as the average change in log-odds ratio for a unit increase 
in the independent variable, holding other independent variables constant. For dummy 
independent variables, it is the change in log-odds ratio for a change from 0 to 1 in the 
independent variable, holding covariates unchanged. As farm size was included in the 
quadratic form, the change in log-odds ratio for a unit increase in farm size is expressed 
as follows:

Equation (7) shows that the effect of farm size is nonlinear since the effect changes 
by farm size. This also enables us to identify the level of farm size that can minimize 
the value of the LVI, since the minimum LVI is achieved when the value of Eq. (7) is 
equal to zero.

As mentioned, the coefficients estimated in the beta regression represent the effects 
on log-odds ratio, not the value of the dependent variable itself. Hence, the marginal 
effect of each independent variable on the value of the dependent variable was also cal-
culated for convenient in interpretation (Liao 1994).

(7)

[

the change in log odds ratio for a unit increase in farm size
]

= 2 ⋅ �7 ⋅ (Farm size) + �6

Table 3  Sociodemographic profile of respondents (n = 405)

Source: Authors’ survey (2019)

Variable Mean Standard devia-
tion

Minimum Maximum

Age (years) 52.2 11.5 25 85
Farming experience (years) 27.1 11.2 1 60
Gender (1 for male) 0.89 0.32 0 1
Family labor (persons) 3.0 1.1 1 9
Education (1 for secondary school 

and above, 0 otherwise)
0.67 0.47 0 1

Farm size (ha) 1.15 1.28 0.10 13.00
Endowment (USD 1000) 5.86 6.91 0.54 50.31
Economic activities (number) 2.3 0.8 1 5
Off-farm income (USD 1000) 2.75 3.11 0.00 25.04
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This analysis utilized the “betareg” command in STATA version 16 to estimate the 
parameters of the beta regression. Table 2 presents a description of the variables, meas-
urement, a priori expectation of the sign of the coefficient, and relevant literature.

Results and Discussions

Sociodemographic Characteristics of Rice Farmers in the MDR

The sociodemographic characteristics of the respondents are summarized in 
Table 3. The average age of the sampled farmers was 52.2 years, with the young-
est aged 25 and the oldest 85 years old. Closely related to the age of the farmer 
is farming experience. In the study area, the majority of rice farmers had at least 
one year and at most 60 years of experience in rice farming, with the average at 
27.1 years. Experience is critical for farming as it helps farmers recognize prob-
lems, forecast crop yields, and better adopt agronomic practices for mitigating the 
extent of vulnerability. Among the respondents, 89% were male and 11% were 
female. Most of the sampled farmers employed family labor for performing farm-
ing activities (including family members below 18 and over 65 years old), with at 
least one member and at most nine members engaged in rice farming activities.

All the sampled respondents were able to read and write, and 66.7% of them 
had finished at least secondary school. At primary school level, people mainly 
learnwriting and reading in Vietnamese language and other basic knowledge 
(simple arithmetic, historical, geographical, and physical education), whereas 
knowledge about agronomic practices and adaptation strategies to mitigate cli-
mate risks are fulfilled mainly in secondary school. Thus, higher levels of formal 
education beyond primary education would help farmers comprehend agronomic 
concepts, especially instructional labels on agricultural inputs and technologies 
(Adu et  al. 2018; Alhassan et  al. 2019). The average and minimum size of the 
sampled farmers was 1.15 and 0.10 ha, respectively, suggesting that rice farming 
in the study area was dominated by small-scale farmers. Farmers with smallhold-
ing tend to practice other economic activities, such as rearing livestock, working 

Table 4  Institutional factors 
(n = 405)

Source: Authors’ Survey (2019)

Variable Frequency 
of yes

Percent-
age of 
yes

Land renting (1 for yes) 45 11.1
Cooperative membership (1 for yes) 48 11.9
Extension services (1 for yes) 181 44.7
Access to credit (1 for yes) 72 17.8
Access to input (1 for yes) 371 91.6
Access to storage (1 for yes) 221 54.6
Access to transportation (1 for yes) 320 79.0
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off farm, and running a small business to satisfy households’ expenses. In fact, 
the agricultural production systems in the MDR are largely based on smallholder 
farms defined as farms with 2 ha or less of landholding, accounting for 93% of all 
farms (GSO 2011).

The value of asset endowment with the respondents was USD 5860 on average. 
Nonetheless, there existed a wide gap between the poor and the wealthy, with a 
range of USD 540 to 50,310. Apart from rice production, many farmers (86.7%) 
engaged in at least one economic activity to diversify their income sources. Espe-
cially, off-farm work was one of the notable economic activities that helped com-
pensate for the loss causing by climate shocks. In this study, this income amounted 
to USD 2750 per year on average. Yet, several households practiced rice monocul-
ture as their main source of income, leaving them susceptible and sensitive to harsh 
climate events.

Land renting, cooperative membership, access to inputs, access to storage, trans-
port availability, access to credit, and extension services were the institutional fac-
tors considered in this study (Table 4). Only 11% of the interviewed rice farmers 
rented farmland as they were content with their land holding size and did not have 
a tendency to enlarge their farm land. On the other hand, many farmers wanted to 

Table 5  Environmental factors 
(n = 405)

The variable pertains to experience in the past 5 years
Source: Authors’ Survey (2019)

Variable Frequency of 
yes

Percent-
age of 
yes

Flood occurrence (1 for yes) 134 33.1
Drought occurrence (1 for yes) 142 35.1
Weather information (1 for yes) 101 24.9

Table 6  The computed major components indices and the LVIs for Can Tho, Dong Thap and Tien Giang 
provinces

The scale of LVI grades ranged from least (0 ≤ LVI < 0.31), low (0.31 ≤ LVI < 0.47), moderate 
(0.47 ≤ LVI < 0.52), high (0.52 ≤ LVI < 0.61), and extreme (0.61 ≤ LVI ≤ 1.00) (FANRPAN 2011)

Major component Province Combined

Can Tho Dong Thap Tien Giang

Health (H) 0.09 0.08 0.07 0.08
Livelihood strategies (LS) 0.55 0.50 0.60 0.55
Food (F) 0.43 0.43 0.32 0.39
Water (W) 0.09 0.14 0.19 0.14
Natural disaster climate variability (NDCV) 0.38 0.29 0.41 0.36
Sociodemographic profile (SDP) 0.01 0.09 0.08 0.06
Social network (SN) 0.77 0.64 0.67 0.69
Aggregate LVI 0.35 0.32 0.30 0.32
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expand their farm to obtain higher outputs. Approximately 12% of the respondents 
belonged to a cooperative organization where they shared farming experiences and 
participated in training courses on agronomic techniques. Approximately 45% of the 
respondents reportedly received agricultural extension services including on farm-
ing practices and climate change adaption strategies, provided by lead farmers and 
extension agents. The majority of the farmers (92%) in the study area had access to 
inputs, access to transportation (79%), while more than half of them had access to 
storage facilities (55%). Finally, 18% of the respondents had availed credit through 
formal financial institutions in the past twelve months, implying that most rice farm-
ers in the study area had limited financial facilities which would expedite the adop-
tion of climate adaptation strategies.

Three environmental factors (i.e. experiences with flood, drought, and weather 
information) were considered in the analysis. Approximately 33% and 35% of the 
respondents had experiences with flood and drought over the period 2015–2019, 
respectively. Generally, drought and flood in Vietnam occurred frequently and often 
prolonged, causing losses in crop yields and productive assets (IPCC 2014; GSO 
2019). A quarter of the respondents had access to weather information, indicating 
that the majority did not receive weather forecast in their locality, which would be 
essential in adopting adaptation strategies (Table 5).

Farmers’ Vulnerability to Climate Change in the MDR

The LVI computed for each province is summarized in Table 6 and the compu-
tation of major component indices is presented in Supplementary Appendix  3. 
On the whole, farmers were “least vulnerable” in terms of social demographic 
profile (0.06), health (0.08), and water (0.14). Farmers in the study area had “low 
vulnerability” in terms of food (0.39), and natural disaster and climate variability 
(0.36); “highly vulnerable” in livelihood strategies (0.55), and “extremely vulner-
able” in social network (0.69). As specified in Supplementary Appendix  1, the 
major component of social network includes five sub-components: households 
that had not gone to their local government for assistance in the past 12 months, 
households with no membership with any community, distance to the nearest rice 
market, households that had received no extension visit in the last one year, and 

Table 7  Classified levels of vulnerability of rice farmers in study area

Level of vulnerability Can Tho Dong Thap Tien Giang Aggregate

Freq Percent Freq Percent Freq Percent Freq Percent

Least (0.00 ≤ LVI < 0.31) 14 17.1 76 42.5 71 49.3 161 39.8
Low (0.31 ≤ LVI < 0.47) 67 81.7 103 57.5 73 50.7 243 60.0
Moderate (0.47 ≤ LVI < 0.52) 1 1.2 0 0.0 0 0.0 1 0.3
High (0.52 ≤ LVI < 0.61) 0 0.0 0 0.0 0 0.0 0 0.0
Extreme (0.61 ≤ LVI ≤ 1.00) 0 0.0 0 0.0 0 0.0 0 0.0
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households that had debt. Except distance to the rice market, these sub-compo-
nents exhibited values corresponding to “highly vulnerable” and “extremely vul-
nerable” across the three provinces.

The aggregate LVI indicated the low vulnerability (0.32) of the rice farmers in 
the study area, in which farmers from Can Tho province (0.35) were relatively, 
followed by those in Dong Thap province (0.32) and Tien Giang province (0.30). 
This is in line with Adu et  al. (2018) who found that livelihood strategies and 
social network contributed the most to vulnerability in the Brong-Ahafo region 
of Ghana, while health and water contributed the least. Adu et  al. (2018) and 

Table 8  Beta regression results of the determinants of rice farmers’ vulnerability to climate change

***, **, and * indicate statistical significance at 1%, 5%, and 10% levels, respectively

Dependent Variable = LVI Coefficient Standard error Marginal effect p value

Age (years) 0.0036*** 0.0013 0.0008 0.007
Gender (1 for male)  − 0.1451*** 0.0338  − 0.0320 0.000
Family labor (persons) 0.0304** 0.0129 0.0066 0.019
Farming experience (years)  − 0.0032** 0.0013  − 0.0007 0.016
Education (1 for secondary school and 

above)
 − 0.1030*** 0.0236  − 0.0224 0.000

Farm size (ha)  − 0.0380* 0.0214  − 0.0082 0.076
Farm size squared  (ha2) 0.0048** 0.0019 0.0010 0.011
Economic activity (number)  − 0.0351** 0.0150  − 0.0076 0.019
Endowment (USD 1000)  − 0.0090*** 0.0019  − 0.0020 0.000
Off-farm income (USD 1000) 0.0025 0.0042 0.0005 0.546
Cooperative membership (1 for yes) 0.0861** 0.0355 0.0188 0.016
Extension services (1 for yes)  − 0.1766*** 0.0257  − 0.0380 0.000
Land renting (1 for yes) 0.0842** 0.0343 0.0184 0.015
Access to credit (1 for yes)  − 0.2927*** 0.0313  − 0.0609 0.000
Access to input (1 for yes)  − 0.0450 0.0406  − 0.0098 0.271
Access to storage (1 for yes)  − 0.0573** 0.0262  − 0.0124 0.029
Access to transportation (1 for yes)  − 0.0423 0.0340  − 0.0092 0.216
Flood occurrence (1 for yes) 0.2031*** 0.0430 0.0444 0.000
Drought occurrence (1 for yes) 0.1472*** 0.0379 0.0320 0.000
Weather information (1 for yes)  − 0.3233*** 0.0376  − 0.0676 0.000
Can Tho (vs. Tien Giang) 0.0588* 0.0328 0.0128 0.075
Dong Thap (vs. Tien Giang)  − 0.0924** 0.0438  − 0.0199 0.035
Constant  − 0.4012*** 0.0921
Scale constant 4.7481*** 0.0700
Regression diagnostics
Number of observations 405
Likelihood Ratio χ2 (p value) 383.97 (0.000)
Log likelihood 702.57
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Sujakhu et al. (2019) also found significant effects of social demographic profile 
and natural disaster on the vulnerability of farmers.

The computed major components revealed that Can Tho was the most vulner-
able in social network, whereas Tien Giang was the most vulnerable in livelihood 
strategies, water, and natural disaster and climate variability. Tien Giang was the 
most exposed to natural disaster and climate variability, due presumably to its 
topography of the coastal area and experience with both flood and drought, while 
the two other provinces were exposed mainly to flood events. This is consistent 
with Dendir and Simane (2019) that climate vulnerability varied depending on 
the agro-ecological zone.

In general, households in the three provinces showed low vulnerability in 
terms of food and natural disaster and climate variability. The high vulnerability 
reported in livelihood strategy and extreme vulnerability in social network is due 
to the high dependency on income from rice and the insufficient support from 
local authorities, agricultural cooperatives, extension services, and financial insti-
tutions (Berg et al. 2017).

The frequency distribution of the aggregate LVI revealed that many of the sam-
pled farmers (60.0%) had low vulnerability to climate change (Table 7). Farmers 
in Can Tho (81.7%) were the most vulnerable, followed by Dong Thap (57.5%) 
and Tien Giang (50.7%), which is consistent with the results in Table 6. Accord-
ing to Mbakahya and Ndiema (2015) and Jamshidi et  al. (2019), moderate and 
low vulnerability households needed temporary external assistance from the local 
authority in case of emergency to cope with the shock, whereas low vulnerability 
households may be able to cope without external assistance.

Determinants of Rice Farmers’ Vulnerability in the MDR

Table 8 presents the results of the beta regression analysis. The likelihood ratio 
test statistic was statistically significant (p < 0.001). The results showed that 
gender, experience, education, farm size, economic activity, endowment, exten-
sion services, access to credit, access to storage, weather information, and Dong 
Thap province dummy were found to have significant negative influences on rice 
farmers’ vulnerability to climatic change; whereas age, family labor, farm size 
squared, cooperative membership, land renting, flood occurrence, drought occur-
rence, and Can Tho province dummy were found to have positive influences on 
farmers’ vulnerability to climate change.

Age of the household heads had a positive influence on the vulnerability to cli-
mate events (p < 0.01), implying that older farmers were more vulnerable than 
younger farmers. This may be related to the declining health as the sampled farmers 
were relatively old on average (Table 3) and many of them stated some physical and 
mental health concerns. Adaptation strategies might help aging farmers cope with 
the vulnerability and maintain their livelihoods, while it is difficult to eliminate all 
the susceptibility among the elderly (UNFCCC 2006; Tan et al. 2013; Doshmangir 
et al. 2015; Rigg et al. 2019; Mabuku et al. 2019). Farmers are more likely to adopt 
adaptive strategies when they are in good health conditions and can maintain the 
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motivation. Otherwise, elderly farmers would delegate their land to the next genera-
tion and receive remittance from them as a rational livelihood strategy (Rigg et al. 
2019). Our result and interpretation are largely consistent to previous studies on 
determinants of adaptive capacity (FANRPAN 2011; Osumanu et al. 2017; Alhassan 
et al. 2017; Muthelo et al. 2019; Adzawla et al. 2020).

As expected, gender (i.e. the male dummy) had a negative effect on vulnerabil-
ity to climate change (p < 0.01), implying that in the case of severe climatic events, 
female headed households engaged in rice farming were more vulnerable compared 
to male headed households. This might be because female-headed households tend 
to have less access to land, inputs, information, and other socioeconomic opportu-
nities such that they are the more affected by climatic stresses due to low adaptive 
capacities (Alhassan et  al. 2019). Previous studies also revealed that male-headed 
households often had a greater probability of adopting new agricultural technolo-
gies as coping strategies, whereas females were more vulnerable to the effects of 
climate change due to their lower access to productive resources (Ncube et al. 2016; 
Chandra et  al. 2017; Asrat and Simane 2017, 2018; Awuni et  al. 2018; Adzawla 
and Baumüller 2020). Chandra et al. (2017) found in Mindanao, the Philippines that 
extreme climatic events had led women farmers to migration, and aggravated dis-
crimination, food insecurity, and poverty.

In contrast to expectations, family labor was found to have a positive relation-
ship with vulnerability to climate change (p < 0.05). This might be because family 
laborers working in rice production results in low income per capita compared to 
engaging in off-farm activities as part of their livelihood strategy. While the result is 
consistent to Maddison (2006), Boutin (2014), and Ahmad et al. (2020), Mahaarcha 
(2019) argued that family labor may help the households adopt some of the adaptive 
practices to cope with negative effects of climate change in Kanchanaburi Province, 
Thailand. Alhassan et al. (2019) also stated that at the peak of the rice season in the 
Northern Region of Ghana, utilization of family labor helps smallholders be less 
vulnerable as hired labor is less productive than family labor as a result of the incen-
tive structure.

As expected, farming experience had a negative effect on vulnerability to cli-
mate change, where a one-year increase in farming experience led to a reduction 
in LVI by 0.0007 (p < 0.05). This may be because farmers with longer farming 
experiences have more awareness of past climate events (the amount of rainfall, 
frequency of droughts and floods) and knowledge about appropriate agronomic 
practices to alleviate the adverse effects (Muthelo et  al. 2019). Furthermore, in 
the context of climate shocks, many farmers receive assistance from the govern-
ment due to the significant role of the rice sector in national food security and 
overall socioeconomic stability. As farmers gain experiences in adopting adaptive 
strategies to those shocks, they may take advantage of utilizing access to social 
network, access to credit and subsidy (i.e. seeds, fertilizer, and water pumping 
funds) provided by the government to maintain their livelihoods (CGIAR 2013; 
O’Neal 2017; Clauss et al. 2018; Nguyen et al. 2018; Jerez 2020; Dai et al. 2020). 
This result is consistent with Abid et  al. (2015) who revealed in Pakistan that 
experience in farming had a positive relation with the probability of choosing 
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adaptation measures, such as changing crop varieties, modifying plantation dates 
and type of fertilizers.

Level of education had a negative influence on households’ vulnerability 
(p > 0.01), indicating that an increase in formal education would reduce farmers’ 
vulnerability to climate change. Previous studies showed that well-educated farm-
ers had adequate capacity to understand climatic events and adaptation mechanisms 
and apply suitable agronomic practices and improved agricultural technologies to 
reduce their vulnerabilities. Higher education may help farmers secure alternative 
livelihood options and enhance their income earning capacity (Mamba 2016; Alhas-
san et al. 2019; Biru et al. 2020; Adzawla et al. 2020).

Farm size showed a non-linear effect on vulnerability to climate change as both 
farm size and its square had statistically significant coefficients. In particular, the 
positive coefficient on the squared term indicates that added farm size raised the 
households’ vulnerability after a certain level of farm size (Paudel et  al. 2019). 
Equation  (7) and the two coefficients imply that the value of LVI was minimized 
when farm size was at the critical level of 3.96 ha. This situation may be because 
in some cases, applying an improved technology is more effective than increasing 
farmland further (FAO 2018; Hossen et  al. 2020). This finding is consistent with 
Fertő and Stalgienė (2016) who found that large farms in Lithuania became riskier 
and more vulnerable to droughts compared to relatively small-scale farmers prac-
ticing intensification options. Moreover, Mahaarcha (2019) found in Kanchanaburi, 
Thailand that large land size required more investment to cope with adverse effects 
of climate change compared to small land size.

Economic activity had a negative effect on vulnerability to climate change. 
Households with one more income source had the LVI lower by 0.0076 on average 
(p < 0.05). This is consistent with the a priori expectation because income diversi-
fication would reduce the dependence on farm income which is typically sensitive 
to climatic shocks (Panthi et al. 2016; Zarafshani and Maleki 2020; Adzawla et al. 
2020; Adzawla and Baumüller 2020). While the number of economic activities was 
significant, the result also shows insignificant effects of off-farm income, indicat-
ing that having multiple sources of income matters, but increasing the amount of 
income does not.

Asset endowment had a negative effect on vulnerability to climate change. 
An increase in asset endowment by USD 1000 would reduce the LVI by 0.0020 
(p < 0.01). The implication is that farmers with large wealth were more tolerant of 
climatic shocks since they may encash their asset items or take credit to smooth 
their consumption (Rurinda et al. 2014a, 2014b; Ncube et al. 2016; Biru et al. 2020; 
Aniah et al. 2019; Adzawla et al. 2020).

Against expectations, membership with agricultural cooperatives had a positive 
effect on vulnerability (p < 0.05). Being a member of a cooperative raised the LVI by 
0.0861, despite the alleged importance of agricultural cooperatives in building farm-
ers’ adaptive capacities (Sujakhu et  al. 2018; Azumah et  al. 2020; Adzawla et  al. 
2020). Our finding is somewhat consistent with Alhassan et al. (2019) who found in 
Ghana that farmers’ membership with cooperatives was useless in improving crop 
yields or reducing vulnerability to climate risk. Sujakhu et  al. (2019) also argued 
that membership with socially disadvantaged groups was one of the key drivers of 
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vulnerability in Nepal. In contrast, in Thailand, cooperatives provide employment 
directly through their own businesses or indirectly through non-members, contribut-
ing to steady income for farmers toward diminishing rural–urban migration. Moreo-
ver, financial cooperatives provide financial services to their individual members for 
multiple purposes (e.g. cooperatives provide financial incentives to their members 
through dividend (Suwanna and Nuttiporn 2014; Jitmun et al. 2020).

As expected, extension services had a negative effect on the vulnerability 
(p < 0.01), indicating that participation in extension programs caters to developing 
adaptive capacity. In the study area, extension workers from the local authorities 
introduce new varieties, new crops, and advanced technologies. They deliver train-
ing courses, visit paddy fields, and organize meetings for at least 40% of farmers in 
the region, where they use demonstrations, printed materials, Internet, and radio for 
communication (Sattaka et  al. 2017). Farmers who engage in extension programs 
may be more enthusiastic about applying crop management practices (Guteta and 
Abegaz 2015). Extension services may include sharing knowledge about crop pro-
duction, disease prevention and treatment, constructing irrigation facilities, and 
improving skills (Mahaarcha 2019; Muthelo et al. 2019; Azumah et al. 2020; Alhas-
san et  al. 2017, 2019). Furthermore, most farmers in the study area reported that 
they had good relationship with their neighbors and mutually shared information 
and experiences on a regular basis. This is consistent with Nakano et  al. (2018) 
who emphasized the role of farmer-to-farmer dissemination of technologies and 
improved practices.

The variable, land renting met its expectation of a significant positive effect 
(0.0842) on the LVI (p < 0.05). This may be because farmers have less incentives 
to invest in long-term adaptation strategies on rented land, such as planting peren-
nial crops, soil conservation techniques, and building irrigation system. In addition, 
farmers who rent land need to pay farmland rent, which raises vulnerability to finan-
cial stress (Li and Boehlje 2013). Moreover, the rented land may be isolated from 
their own farms, thereby increasing the cost of farming and transport, and therefore, 
reducing their profit margins (Osumanu et al. 2017; Alhassan 2019).

Access to credit had a negative effect on vulnerability to climate change, which is 
consistent to a priori expectation (p < 0.01). This is because farmers with access to 
credit could invest more capital into their economic activities with which to improve 
resilience and recover from natural hazards (Opiyo et al. 2014; Nazari et al. 2015; 
Ncube et al. 2016; Debesai et al. 2019; Adzawla et al. 2020). Ndamani and Wata-
nabe (2015) and Adzawla et al. (2020) found that financial constraints and limited 
access to credit were major barriers to climate adaptation and the growth of the agri-
culture sector in Ghana.

Access to storage facilities had a negative effect (p < 0.05), indicating that those 
with access to storage facilities were less vulnerable to climate change. Without 
storage facilities, farmers are unable to store enough of harvest, which undermines 
food security (Rurinda et al. 2014a, 2014b; Ali et al. 2017).

Flood occurrence raised vulnerability to climate change (p < 0.01), confirming 
that the occurrence of severe floods poses a threat to livelihoods. Along with the loss 
of life and damage to properties, it also triggers a spread of infectious diseases due 
to water contamination, coupled with the lack of basic services and medicines. A 
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loss of residences leaves farmers even more susceptible to climatic shocks. Besides, 
a loss in crop yields diminishes households’ purchasing power, and exacerbates food 
shortages, hunger, and poverty. Due to the tremendous losses in agriculture produc-
tion, farmers considered floods as a much greater risk than other natural disasters 
(Ali et  al. 2017; Adzawla et  al. 2020; Ochieng et  al. 2017). Herrera et  al. (2018) 
found that varying rainfall patterns in Nicaragua reduced households’ production 
and income generating capacity and that rising food prices further reduced house-
hold food security. Without coping with this type of risks, they would probably face 
a recurrent decline in food consumption.

Likewise, drought occurrence had a positive effect on vulnerability (p < 0.01) 
Drought decreases crop production, crop yields, and reduces farm income as many 
farmers rely on rainfall for crop production as well as other housework. Unlike other 
hazards, drought can last for months or even for years so that its negative effects can 
be prolonged through degradation of soil and weakened adaptive capacity of farm-
ers, leaving them less resilient and socially disrupted. In this regard, drought is one 
of the most severe natural hazards that leads to social, economic, and environmental 
losses (Nazari et  al. 2015; Ncube et  al. 2016; Debesai et  al. 2019; Muthelo et  al. 
2019; Adzawla et al. 2020; Zarafshani and Maleki 2020). Our finding is consistent 
with Osumanu et  al. (2017) that in Ghana, droughts and floods have caused land 
degradation, soil erosion, and soil infertility, and decreased planting area, which 
caused livelihood insecurity and heightened poverty levels among rural households. 
Similarly, Manalo et al. (2020) found that farmers in drought-prone communities in 
the Philippines considered drought as a threat that left them more vulnerable. Severe 
droughts caused soil rack and low or even no yield, causing people to eat maize 
instead of rice as well as low quality food provided as aid. Many farmers borrowed 
money from banks and other lenders to maintain their livelihoods or even migrated 
to other provinces to work as a gold miner.

Access to information about climatic conditions contributed to lowering farm-
ers’ vulnerability to climatic stresses (p < 0.01), implying that those who received 
timely forecast were less vulnerable to climate change. Proper warning systems 
can reduce the damage by increasing social awareness at the right time and place, 
which may prompt farmers to adopt adaptation measures (e.g., diversification in 
income sources, precautionary savings, diversification in crops, implementation of 
risk management strategies before and after the disaster strikes) (Ullah et al. 2016; 
Asrat and Simane 2018; Muthelo et al. 2019). In this study, however, only a quarter 
of the respondents had access to early warning information. Past studies found the 
usefulness of daily weather forecasts on rainfall, temperature, and humidity as well 
as early warning on extreme events, provided by the national and local authorities 
through television, radio, online newspapers, and traditional newspapers (Kuswanto 
et al. 2019; Ncube et al. 2016). In addition, Adzawla et al. (2020) found that house-
holds in Ghana relied on informal networks when shocks occurred, as a coping 
mechanism for social disadvantages and the adverse effects of climate change.

Lastly, the location fixed effects for both Can Tho and Dong Thap were signifi-
cant. On average, the LVI in Can Tho was higher by 0.0588 than in Tien Giang. In 
contrast, the LVI in Dong Thap was lower by 0.0924 than in Dong Thap. This could 
be due to the differences in agro-ecological zones in which Can Tho lies in lower 
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altitude than the two other provinces located in the upstream MDR (Panthi et  al. 
2016; Ly 2017; Ali et al. 2017; and Adzawla and Baumüller 2020). This is in line 
with Dendir and Simane (2019) who found that climate vulnerability differs based 
on the agro-ecological location of farmers and that vulnerability to climate change 
is higher in lowland agro-ecological zones. The difference in the LVI between Dong 
Thap and Tien Giang may not be attributed to agro-ecological zones. In any case, 
the province dummies capture all unobservable province-specific factors, which 
reduces the omitted-variable bias in the estimated effects of the other key factors in 
the analysis.

Conclusion

Climate change can bring serious consequences to smallholders in Vietnam, as well 
as in other parts of the world. This study examined the vulnerability of smallholder 
rice farmers in the MDR of Vietnam to climate change and identified the determi-
nants of the vulnerability as represented by the LVI. The study expanded the lit-
erature on households’ vulnerability and also compared the livelihood vulnerabili-
ties across three provinces: Can Tho, Dong Thap, and Tien Giang. The livelihood 
vulnerability of farm households was lower for male farmers, younger farmers, and 
those with longer farming experiences (if age is the same), larger landholding, more 
economic activities, extension services, access to credit, higher education, access 
to storage facilities, access to climate information, and higher wealth. Location-
wise, farmers in Can Tho province were the most vulnerable compared to the other 
provinces.

Therefore, first, it is recommended that local authorities provide smallholder rice 
farmers with sufficient access to forecast information and warning systems regard-
ing weather, seasonal drought, and flood. Second, it is essential to provide adequate 
training programs for farmers in the MDR to be operated by extension offices and 
agricultural cooperatives (Asrat and Simane 2018; Su et  al. 2019). Third, liveli-
hood diversification has the potential to reduce vulnerability through the promotion 
of local business opportunities for farmers by the government and non-governmen-
tal organizations. Further, it is important for the government to manage the estab-
lishment and the quality of institutional agencies that provide better credit facili-
ties to farmers, especially those who belong to agricultural cooperatives or other 
organizations to guarantee successful adoption of climate change adaptation strate-
gies (Rurinda et  al. 2014a, 2014b). Furthermore, adaptation to drought and flood 
by adjusting agricultural practices upon receiving forecast information is crucial in 
minimizing crop losses. Irrigation facilities and water-saving technologies should be 
strengthened to reduce the over-dependence on rainfall (Osumanu et al. 2017; Tran 
et al. 2019b; Adzawla et al. 2020). In addition, practicing climate smart agriculture 
such as changing cropping patterns and planting flood-tolerant and drought-tolerant 
crop varieties is also crucial (Lipper et al. 2014; Lunduka et al. 2019; Zarafshani and 
Maleki 2020). The government should also consider a higher priority to Can Tho 
province through adaptation programs especially in the aspects of social network 
building.
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The main contribution of this paper is that it provided evidence of the factors 
influencing the vulnerability of rice farming households in the MDR of Vietnam, 
which will inform policies for improving the resilience and adaptive capacity in cop-
ing with climatic shocks. On the other hand, the main limitation of this paper is the 
reliance on cross-sectional data and use of dummy variables to represent experience 
with drought and flood, which might not exactly reflect the extent of climatic shocks. 
Hence, it is recommended that further research be conducted by using secondary 
data on frequency and occurrence of natural disasters, as well as daily rainfall and 
temperature. In addition, it will be useful if further research takes into account other 
factors potentially influencing livelihood vulnerabilities such as farmers’ perception 
of climate risks and the cost of implementing adaptation strategies. Lastly, this study 
focused on the quantitative research method. Further research may as well execute 
qualitative in-depth inquiries and content analysis to better elucidate the mechanism 
behind the quantitative evidence obtained in this study. Conducting contextualized 
research in the MDR using the mixed methods will provide for opportunities for fur-
therance of local insight into the climate vulnerability issues.

Supplementary Information The online version contains supplementary material available at https ://doi.
org/10.1057/s4128 7-021-00371 -7.

Acknowledgements This research was funded by the Asian Institute of Technology Vietnam’s 25th 
Anniversary Scholarship (AITCV Silver Anniversary Scholarship). The authors acknowledge the sup-
port provided by the staff members and students of Tien Giang University, Vietnam, who participated in 
the field activities. The authors also thank the farmer respondents who kindly agreed to answer survey-
related questions.

Compliance with Ethical Standards 

Conflict of interest The authors declare no conflict of interest regarding the submission and publication 
of this manuscript.

References

Abid, M., J. Scheffran, U.A. Schneider, and M. Ashfaq. 2015. Farmers’ perceptions of and adaptation 
strategies to climate change and their determinants: The case of Punjab province, Pakistan. Earth 
System Dynamics 6: 225–243.

Adu, D.T., J.K.M. Kuwornu, H. Anim-Somuah, and N. Sasaki. 2018. Application of livelihood vulner-
ability index in assessing smallholder maize farming households’ vulnerability to climate change in 
BrongAhafo region of Ghana. Kasetsart Journal of Social Sciences 39 (1): 22–32.

Adzawla, W., and H. Baumüller. 2020. Effects of livelihood diversification on gendered climate vulner-
ability in northern Ghana. Environment, Development and Sustainability. https ://doi.org/10.1007/
s1066 8-020-00614 -3.

Adzawla, W., S.B. Azumah, P.Y. Anani, and S.A. Donkoh. 2020. Analysis of farm households’ perceived 
climate change impacts, vulnerability and resilience in Ghana. Scientific African 8: e00397. https ://
doi.org/10.1016/j.sciaf .2020.e0039 7.

Ahmad, M.I., L. Oxley, and H. Ma. 2020. What makes farmers exit farming: A case study of Sindh Prov-
ince, Pakistan. Sustainability 12: 3160. https ://doi.org/10.3390/su120 83160 .

Alhassan, S.I., M.T. Shaibu, J.K.M. Kuwornu, and B.O. Yaw. 2017. Determinants of smallholder women 
farmers’ adaptive capacity to climate change and climate variability in Northern Region, Ghana. In 

https://doi.org/10.1057/s41287-021-00371-7
https://doi.org/10.1057/s41287-021-00371-7
https://doi.org/10.1007/s10668-020-00614-3
https://doi.org/10.1007/s10668-020-00614-3
https://doi.org/10.1016/j.sciaf.2020.e00397
https://doi.org/10.1016/j.sciaf.2020.e00397
https://doi.org/10.3390/su12083160


297Factors Influencing Smallholder Rice Farmers’ Vulnerability…

Dialogue on sustainability and environmental management: International conference, 15–16 Feb-
ruary, ed. D. Nukpezah, A. Mensah, B. Ofori, B. Rapp, and J.M. Gomez, 190–199. Legon, Accra: 
University of Ghana.

Alhassan, S.I., B.O. Yaw, and J.K.M. Kuwornu. 2019. What factors influence farmers’ vulnerability 
to climate change and variability? Empirical evidence from smallholder women rice farmers in 
the Northern Region of Ghana. In Climate change and Sub-Saharan Africa: The vulnerability 
and adaptation of food supply chain actors. Series on Climate Change and Society, ed. J.K.M. 
Kuwornu, 131–155. Wilmington: Vernon Press.

Ali, S., Y. Liu, M. Ishaq, T. Shah, A.I. Abdullah, and U.D. Izhar. 2017. Climate change and its impact on 
the yield of major food crops: Evidence from Pakistan. Foods 6 (6): 39. https ://doi.org/10.3390/
foods 60600 39.

Allison, E.H., and F. Ellis. 2001. The livelihoods approach and management of small-scale fisheries. 
Marine Policy 25 (5): 377–388.

Amuzu, J., A.T. Kabo- Bah, B.P. Jallow, and S. Yaffa. 2018. Households’ livelihood vulnerability to cli-
mate change and climate variability: A case study of the Coastal Zone, The Gambia. Journal of 
Environment and Earth Science 8 (1): 35–46.

Aniah, P., M.K. Kaunza-Nu-Dem, and J.A. Ayembilla. 2019. Smallholder farmers’ livelihood adaptation 
to climate variability and ecological changes in the savanna agro ecological zone of Ghana. Heli-
yon 5 (4): e01492. https ://doi.org/10.1016/j.heliy on.2019.e0149 2.

Anthony, E.J., G. Brunier, M. Besset, M. Goichot, P. Dussouillez, and V.L. Nguyen. 2015. Linking rapid 
erosion of the Mekong River delta to human activities. Scientific Reports 5: 14745.

Antwi-Agyei, P., A.J. Dougill, E.D.G. Fraser, and L.C. Stringer. 2013. Characterising the nature of house-
hold vulnerability to climate variability: Empirical evidence from two regions of Ghana. Environ-
ment, Development and Sustainability 15: 903–926.

Asrat, P., and B. Simane. 2017. Adapting smallholder agriculture to climate change through sustainable 
land management practices: Empirical evidence from North-West Ethiopia. Journal of Agricultural 
Science and Technology 7: 289–301.

Asrat, P., and B. Simane. 2018. Farmers’ perception of climate change and adaptation strategies in the 
Dabus watershed. North-West Ethiopia. Ecological Processes. https ://doi.org/10.1186/s1371 
7-018-0118-8.

Awuni, J.A., S.B. Azumah, and S.A. Donkoh. 2018. Drivers of adoption intensity of improved agricul-
tural technologies among rice farmers: Evidence from northern Ghana. Review of Agricultural and 
Applied Economics 21 (2): 48–57.

Azumah, S.B., W. Adzawla, S.A. Donkoh, and P.Y. Anani. 2020. Effects of climate adaptation on house-
holds’ livelihood vulnerability in South Tongu and Zabzugu districts of Ghana. Climate and Devel-
opment 2020: 1080. https ://doi.org/10.1080/17565 529.2020.17573 98.

Berg, H., A.E. Söderholm, A.-S. Söderström, and T.T. Nguyen. 2017. Recognizing wetland ecosystem 
services for sustainable rice farming in the Mekong Delta. Vietnam. Sustainability Science 12: 
137–154.

Biru, W.D., M. Zeller, and T.K. Loos. 2020. The impact of agricultural technologies on poverty and 
vulnerability of smallholders in Ethiopia: a panel data analysis. Social Indicators Research 147: 
517–544.

Boretti, A. 2020. Implications on food production of the changing water cycle in the Vietnamese Mekong 
Delta. Global Ecology and Conservation 22: e00989. https ://doi.org/10.1016/j.gecco .2020.e0098 9.

Boutin, D. 2014. Climate Vulnerability, Communities’ Resilience and Child Labor. Discussion Paper No. 
8567, October, Institute of Labor Economics (IZA), Bonn, Germany.

Bui, T.Y., H.Q. Nguyen, H.D. Trinh, V.K. Duong, T.S. Amjath-Babu, and L. Sebastian. 2019. Modeling 
ENSO impact on rice production in the Mekong River Delta. PLoS ONE 14 (10): e0223884. https 
://doi.org/10.1371/journ al.pone.02238 84.

Chambers, R. and Conway, G. 1992. Sustainable Rural Livelihoods: Practical Concepts for the 21st Cen-
tury. IDS Discussion Paper 296, December, Brighton: IDS.

Chandra, A., K. McNamara, P. Dargusch, A. Caspe, and D. Dalabajan. 2017. Gendered vulnerabilities of 
smallholder farmers to climate change in conflict-prone areas: A case study from Mindanao, Phil-
ippines. Journal of Rural Studies 50: 45–59. https ://doi.org/10.1016/j.jrurs tud.2016.12.011.

Clauss, K., M. Ottinger, P. Leinenkugel, and C. Kuenzer. 2018. Estimating rice production in the Mekong 
Delta, Vietnam, utilizing time series of Sentinel-1 SAR data. International Journal of Applied 
Earth Observation and Geoinformation 73: 574–585.

Cribari-Neto, F., and A. Zeileis. 2010. Beta regression in R. Journal of Statistical Software 34: 1–24.

https://doi.org/10.3390/foods6060039
https://doi.org/10.3390/foods6060039
https://doi.org/10.1016/j.heliyon.2019.e01492
https://doi.org/10.1186/s13717-018-0118-8
https://doi.org/10.1186/s13717-018-0118-8
https://doi.org/10.1080/17565529.2020.1757398
https://doi.org/10.1016/j.gecco.2020.e00989
https://doi.org/10.1371/journal.pone.0223884
https://doi.org/10.1371/journal.pone.0223884
https://doi.org/10.1016/j.jrurstud.2016.12.011


298 T. D. N. Ho et al.

CGIAR Research Program on Climate Change, Agriculture and Food Security- Southeast Asia (CCAFS-
SEA). 2016. Assessment Report: The drought and salinity intrusion in the Mekong River Delta of 
Vietnam. Hanoi, Vietnam.

Cutter, S.L., L. Barnes, M. Berry, C. Burton, E. Evans, E. Tate, et  al. 2008. A place-based model for 
understanding community resilience to natural disasters. Global Climate Change 18: 598–606.

Dai, X., Z. Zhilong Wu, Y. Yao Fan, B. Li, Z. Yang, B. Nan, and X. Bi. 2020. Characteristics and deter-
minants of livelihood diversification of different household types in Far Northwestern China. Sus-
tainability 12 (1): 64. https ://doi.org/10.3390/su120 10064 .

Dang, H.L., E. Li, J. Bruwer, and I. Nuberg. 2014. Farmers’ perceptions of climate variability and barri-
ers to adaptation: Lessons learned from an exploratory study in Vietnam. Mitigation and Adapta-
tion Strategy for Global Change 19: 531–548. https ://doi.org/10.1007/s1102 7-012-9447-6.

Dang, N.D.P., K.C. Dang, T.D. Duong, and K.L. Nguyen. 2019. Long–term spatio–temporal warming 
tendency in the Vietnamese Mekong Delta based on observed and high–resolution gridded data-
sets. European Journal of Climate Change 1 (1): 1–16.

Debesai, M.G., T.T. Kidane, W. Ogbazghi, W. Araia, S. Measho, and S. Amlesom. 2019. Understanding 
drought coping mechanisms in smallholder farm households: Evidence from dry lands of Eritrea. 
Journal of Agricultural Economics and Rural Development 5 (1): 548–554.

Dendir, Z., and B. Simane. 2019. Livelihood vulnerability to climate variability and change in differ-
ent agroecological zones of Gurage Administrative zone, Ethiopia. Progress in Disaster Science 3: 
100035. https ://doi.org/10.1016/j.pdisa s.2019.10003 5.

Do, Q.V., H.X. Do, N.C. Do, and A.L. Ngo. 2020. Changes in precipitation extremes across Vietnam and 
its relationships with teleconnection patterns of the northern hemisphere. Water 12: 1646. https ://
doi.org/10.3390/w1206 1646.

Doshmangir, L., P. Doshmangir, N. Abolhassani, E. Moshiri, and M. Jafari. 2015. Effects of targeted sub-
sidies policy on health behavior in Iranian households: A qualitative study. Iran Journal of Publish 
Health 44 (4): 570–579.

Eshetu, G., T. Johansson, and W. Garedew. 2016. Rainfall trend and variability analysis in Setema-Gatira 
area of Jimma, Southwestern Ethiopia. African Journal of Agricultural Research 11 (32): 3037–
3045. https ://doi.org/10.5897/AJAR2 015.10160 .

Food and Agriculture Organization of the United Nations (FAO). 2018. Small Family Farms Country 
Factsheet. Rome, Italy. http://www.fao.org/3/I8358 EN/i8358 en.pdf.

Ferrari, S., and F. Cribari-Neto. 2004. Beta regression for modelling rates and proportions. Journal of 
Applied Statistics 31 (7): 799–815.

Fertő, I., and A. Stalgienė. 2016. Effects of agricultural subsidies on income risk in Lithuanian dairy 
farms. Management Theory and Studies for Rural Business and Infrastructure Development 38 (4): 
351–358.

Food Agriculture and Natural Resources Policy Analysis (FANRPAN) (2011). Measuring vulnerabil-
ity—challenges and opportunities. FANRPAN 2(11). https ://www.fanrp an.org. Last accessed April 
2020.

General Statistics Office (GSO). 2011. Statistical yearbook of Vietnam. Hanoi, Vietnam: Statistical Pub-
lishing House.

General Statistics Office (GSO). 2019. Statistical yearbook of Vietnam. Hanoi, Vietnam: Statistical Pub-
lishing House.

Gerlitz, J., M. Macchi, N. Brooks, R. Pandey, and S.K. Jha. 2016. The Multidimensional livelihood vul-
nerability index—an instrument to measure livelihood vulnerability to change in The Hindu Kush 
Himalayas. Climate and Development 9 (2): 124–140.

Guteta, D., and A. Abegaz. 2015. Factors influencing scaling up of agroforestry-based spatial land- use 
integration for soil fertility management in Arsamma Watershed, Southwestern Ethiopian High-
lands. Journal of Environmental Planning and Management 59 (10): 1795–1812.

Hahn, M.B., A.M. Riederer, and S.O. Foster. 2009. The livelihood vulnerability index: A pragmatic 
approach to assessing risks from climate variability and change- A case study in Mozambique. 
Global Environmental Change 19 (1): 74–88.

Herrera, C., R. Ruben, and G. Dijkstra. 2018. Climate variability and vulnerability to poverty in Nicara-
gua. Journal of Environmental Economics and Policy 7 (3): 324–344.

Hossen, M.A., M.R.A. Talukder, M.R.A. Mamun, H. Rahaman, S. Paul, M.M. Rahman, M. Miarud-
din, and M.A. Ali. 2020. Mechanization status, promotional activities and government strategies 
of Thailand and Vietnam in comparison to Bangladesh. AgriEngineering 2: 489–510. https ://doi.
org/10.3390/agrie ngine ering 20400 33.

https://doi.org/10.3390/su12010064
https://doi.org/10.1007/s11027-012-9447-6
https://doi.org/10.1016/j.pdisas.2019.100035
https://doi.org/10.3390/w12061646
https://doi.org/10.3390/w12061646
https://doi.org/10.5897/AJAR2015.10160
http://www.fao.org/3/I8358EN/i8358en.pdf
https://www.fanrpan.org
https://doi.org/10.3390/agriengineering2040033
https://doi.org/10.3390/agriengineering2040033


299Factors Influencing Smallholder Rice Farmers’ Vulnerability…

Intergovernmental Panel on Climate Change (IPCC). (2001) Climate change 2001: Synthesis report. 
Contribution of working groups I, II and III to the third assessment report of the intergovernmen-
tal panel on climate change. J. J. McCarthy, O. F. Canziani, N. A. Leary, D. J. Dokken and K. S. 
White (editors) Cambridge University Press, Cambridge, UK, and New York, USA.

IPCC. 2007. Climate change 2007: Impacts, adaptation and vulnerability. In Contribution of working 
group ii to the fourth assessment report of the intergovernmental panel on climate change, ed. M.L. 
Parry, O.F. Canziani, J.P. Palutikof, P.J. van der Linden, and C.E. Hanson. Cambridge, UK: Cam-
bridge University Press.

IPCC. 2014. Climate change 2014: Impacts, adaptation, and vulnerability. In Contribution of working 
group II to the fifth assessment report of the intergovernmental panel on climate change, ed. C.B. 
Field, V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi, 
Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, 
and L.L. White. Cambridge: Cambridge University Press.

Jamshidi, O., A. Asadi, K. Kalantari, H. Azadi, and J. Scheffran. 2019. Vulnerability to climate change of 
smallholder farmers in the Hamadan province. Climate Risk Management 23: 146–159.

Jerez, M.L. 2020. The rural transformation of the two rice bowls of Vietnam: the making of a new Asian 
miracle economy? Innovation and Development 10 (2): 169–186. https ://doi.org/10.1080/21579 
30X.2019.15809 39.

Jitmun, T., J.K.M. Kuwornu, A. Datta, and A.K. Anal. 2020. Factors influencing membership of dairy 
cooperatives: Evidence from dairy farmers in Thailand. Journal of Co-operative Organization and 
Management. https ://doi.org/10.1016/j.jcom.2020.10010 9.

Khong, T.D., M.D. Young, A. Loch, and J. Thennakoon. 2018. Mekong River Delta farm-household will-
ingness to pay for salinity intrusion risk reduction. Agricultural Water Management 200: 80–89.

Kuswanto, H., F. Hibatullah, and E.S. Soedjono. 2019. Perception of weather and seasonal drought fore-
casts and its impact on livelihood in East Nusa Tenggara, Indonesia. Heliyon 5: e02360.

Kuwornu, J.K.M., M. Bashiru, and M. Dumayiri. 2014. Farm households’ livelihood diversification into 
agro-processing and non-agro-processing activities: Empirical Evidence from Ghana. Information 
Management and Business Review 6 (4): 191–199.

Le, T.T.T., K. Seiki, and S. Ranjan. 2019. Estimation of probable maximum precipitation at three prov-
inces in Northeast Vietnam using historical data and future climate change scenarios. Journal of 
Hydrology: Regional Studies 23: 100599. https ://doi.org/10.1016/j.ejrh.2019.10059 9.

Le, T.L. (2016) Intensity-duration-frequency of rainfall curves in Mekong Delta: A case study in Can 
Tho city. Bachelor thesis, Can Tho University, Vietnam. https://doi.org/https ://doi.org/10.13140 /
RG.2.2.32147 .37928  (in Vietnamese).

Lee, S.K., and T.A. Dang. 2019a. Precipitation variability and trends over the Mekong Delta area of Viet-
nam. Journal of Agrometeorology 21 (2): 217–219.

Lee, S.K., and T.A. Dang. 2019b. Predicting the water use-demand as a climate change adaptation strat-
egy for rice planting crops in the Long Xuyen Quadrangle Delta. Paddy and Water Environment 
17: 561–570. https ://doi.org/10.1007/s1033 3-018-00686 -y.

Lee, S.K., and T.A. Dang. 2019c. Spatio-temporal variations in meteorology drought over the Mekong 
River Delta of Vietnam in the recent decades. Paddy and Water Environment 17: 35–44. https ://
doi.org/10.1007/s1033 3-018-0681-8.

Lee, S.K., and T.A. Dang. 2020. Extreme rainfall trends over the Mekong Delta under the impacts of 
climate change. International Journal of Climate Change Strategies and Management. https ://doi.
org/10.1108/IJCCS M-04-2020-0032.

Li, S., and Boehlje, M. 2013. Financial Vulnerability of Midwest Grain Farms: Implications of Price, 
Yield and Cost Shocks. Working Paper; 9 July, Department of Agricultural Economics Purdue 
University.

Liao, T.F. 1994. Interpreting probability models: Logit, probit, and other generalised linear models. New 
York: Sage.

Lipper, L., P. Thornton, B.M. Campbell, et al. 2014. Climate-smart agriculture for food security. Nature 
Climate Change 4: 1068–1072.

Lunduka, R.W., K.I. Mateva, C. Magorokosho, and P. Manjeru. 2019. Impact of adoption ofdrought-
tolerant maize varieties on total maize production in south Eastern Zimbabwe. Climate and Devel-
opment 11 (1): 35–46.

Ly, Q. D. 2017. Water management through the lenses of gender, ethnicity and class: A comparative case 
study of upstream and downstream sites on the Mekong River in the Mekong Delta of Vietnam. 

https://doi.org/10.1080/2157930X.2019.1580939
https://doi.org/10.1080/2157930X.2019.1580939
https://doi.org/10.1016/j.jcom.2020.100109
https://doi.org/10.1016/j.ejrh.2019.100599
https://doi.org/10.13140/RG.2.2.32147.37928
https://doi.org/10.13140/RG.2.2.32147.37928
https://doi.org/10.1007/s10333-018-00686-y
https://doi.org/10.1007/s10333-018-0681-8
https://doi.org/10.1007/s10333-018-0681-8
https://doi.org/10.1108/IJCCSM-04-2020-0032
https://doi.org/10.1108/IJCCSM-04-2020-0032


300 T. D. N. Ho et al.

ASEAN-Canada Working Paper Series no. 6, Centre for Non-Traditional Security Studies (NTS 
Centre), RSIS, Singapore.

Maddison, W.P. 2006. Confounding asymmetries in evolutionary diversification and character change. 
Evolution 60 (8): 1743–1746.

Mabuku, M.P., A. Senzanje, M. Mudhara, G.P.W. Jewitt, and W.O. Mulwafu. 2019. Strategies for coping 
and adapting to flooding and their determinants: A comparative study of cases from Namibia and 
Zambia. Physics and Chemistry of the Earth 111 (1): 20–34.

Mahaarcha, W. 2019. Factors influencing farmers’ adaptation strategies to climate change in Bophloi Dis-
trict, Kanchanaburi Province, Thailand. Humanities, Art and Social Sciences Studies 19 (1): 70–86.

Makate, C., and N. Mango. 2017. Diversity amongst farm households and  achievements from multi-
stakeholder innovation platform approach: lessons from Balaka Malawi. Agriculture and Food 
Security. https ://doi.org/10.1186/s4006 6-017-0115-7.

Mamba, S.F. 2016. Factors influencing perception of climate variability and change among smallholder 
farmers in Swaziland. Indian Journal of Nutrition 3: 1–7.

Manalo, J.A., E.V.D. Fliert, and K. Fielding. 2020. Rice farmers adapting to drought in the Philippines. 
International Journal of Agricultural Sustainability 18 (6): 594–605. https ://doi.org/10.1080/14735 
903.2020.18073 01.

Mbakahya, G., and A. Ndiema. 2015. Farming households’ vulnerability and resilience to climate change 
in Nambale sub-county of Kenya. International Journal of Environmental Science and Technology 
4: 1608–1617.

Mendelsohn, R. 2014. The impact of climate change on agriculture in Asia. Journal of Integrative Agri-
culture 13: 660–665.

Minderhoud, P.S.J., H. Middelkoop, G. Erkens, and E. Stouthamer. 2020. Groundwater extraction may 
drown mega-delta: projections of extraction-induced subsidence and elevation of the Mekong 
delta for the 21st century. Environmental Research Communications 2 (1): 011005. https ://doi.
org/10.1088/2515-7620/ab5e2 1.

Ministry of Natural Resources and Environment (MONRE). 2016. Climate change scenarios and sea 
level rise for Vietnam. Ha Noi, Vietnam: MONRE.

Morgan, A.K., E. Dogbey, W.A. Arimeyaw, and A.F.S. Owusu. 2019. Effect of road transport accessi-
bility on agricultural produce marketing and livelihoods of farmers in the Kasena-Nankana West 
District of Ghana. The Journal of Development Practice 5 (1): 39–46.

Muthelo, D., E. Owusu-Sekyere, and A.A. Ogundeji. 2019. Smallholder farmers’ adaptation to drought: 
identifying effective adaptive strategies and measures. Water 11: 2069. https ://doi.org/10.3390/
w1110 2069.

Nakano, Y., T.W. Tsusaka, T. Aida, and V.O. Pede. 2018. Is farmer-to-farmer extension effective? The 
impact of training on technology adoption and rice farming productivity in Tanzania. World Devel-
opment 105: 336–351. https ://doi.org/10.1016/j.world dev.2017.12.013.

National Center for Hydro-meteorological Forecasting (NCHMF). 2016 Vietnam temperature from 
1986–2015. Dong Da District, Ha Noi City, Vietnam. www.nchmf .gov.vn. Last accessed October 
2020.

Nazari, S., G. Pezeshki, H. Sedighi, and H. Azadi. 2015. Vulnerability of wheat farmers: toward a con-
ceptual framework. Ecological Indicators 52: 517–532.

Ncube, M., N. Madubula, H. Ngwenya, N. Zinyengere, L. Zhou, J. Francis, and T. Madzivhandila. 2016. Cli-
mate change, household vulnerability and smart agriculture: The case of two South African provinces. 
Journal of Disaster Risk Studies 8 (2): 6–8.

Ndamani, F., and T. Watanabe. 2015. Determinants of farmers’ adaptation to climate change: A micro level 
analysis in Ghana. Scientia Agricola 73 (5): 201–208.

Nelson, R., P. Kokic, S. Crimp, P. Martin, H. Meinke, S.M. Howden, et al. 2009. The vulnerability of Aus-
tralian rural communities to climate variability and change: Part II—Integrating impacts with adaptive 
capacity. Environmental Science and Policy 13: 18–27.

Nhan, D.K., N.H. Trung, and N.V. Sanh. 2011. The impact of weather variability on rice and aquaculture 
production in the Mekong Delta. In Environmental change and agricultural sustainability in the 
Mekong Delta, ed. M.A. Stewart and P.A. Coclanis, 437–451. Dordrecht: Springer.

Ngo, T.Q. 2016. Farmers’ adaptive measures to climate change induced natural shocks through past climate 
experiences in the Mekong River Delta, Vietnam. African Journal of Agricultural Research 11 (15): 
1361–1372. https ://doi.org/10.5897/AJAR2 015.10756 .

https://doi.org/10.1186/s40066-017-0115-7
https://doi.org/10.1080/14735903.2020.1807301
https://doi.org/10.1080/14735903.2020.1807301
https://doi.org/10.1088/2515-7620/ab5e21
https://doi.org/10.1088/2515-7620/ab5e21
https://doi.org/10.3390/w11102069
https://doi.org/10.3390/w11102069
https://doi.org/10.1016/j.worlddev.2017.12.013
http://www.nchmf.gov.vn
https://doi.org/10.5897/AJAR2015.10756


301Factors Influencing Smallholder Rice Farmers’ Vulnerability…

Nguyen, D.C., H.T. Vo, and T.H. Chu. 2013. Application of livelihood vulnerability index to assess risks 
from flood vulnerability and climate variability-A case study in the Mekong Delta of Vietnam. Journal 
of Environmental Science and Engineering 2: 476–486.

Nguyen, T.L.H., S. Yao, and S. Fahad. 2018. Assessing household livelihood vulnerability to climate 
change: The case of Northwest Vietnam. Human and Ecological Risk Assessment. https ://doi.
org/10.1080/10807 039.2018.14608 01.

Nguyen, T.T.T., N.K. Dao, T.X. Tran, and B. Tychon. 2019a. Assessment of livelihood vulnerability to 
drought: A case study in Dak Nong Province, Vietnam. International Journal of Disaster Risk Science 
2019: 13753. https ://doi.org/10.1007/s1375 3-019-00230 -4.

Nguyen, V.T., V.K. Mai, N.B.P. Nguyen, H.M.H. Juang, and V.D. Nguyen. 2019b. Evaluation of summer 
monsoon climate predictions over the Indochina Peninsula using regional spectral model. Weather and 
Climate Extremes 23: 100195. https ://doi.org/10.1016/j.wace.2019.10019 5.

Nguyen, T.T., D.T.V. Pham, S. Kim, P.T. Nguyen, M.T. Lam, and T.P. Vuong. 2020. A subregional model of 
system dynamics research on surface water resource assessment for paddy rice production under cli-
mate change in the Vietnamese Mekong Delta. Climate. https ://doi.org/10.3390/cli80 30041 .

Ochieng, S.B., A.C. Otieno, and O.A. Francis. 2017. Effects of flooding on socioeconomic livelihood of the 
farmers in Lower Kano Plains, Kisumu County-Kenya. International Journal of Novel Research in 
Interdisciplinary Studies 4 (4): 8–16.

O’Neal, C. 2017. Do farm subsidies affect crop diversification? Research Conference; 8 February, Georgia 
College & State University. https ://kb.gcsu.edu/cgi.

Oo, A.T., G.V. Huylenbroeck, and S. Speelman. 2018. Assessment of climate change vulnerability of farm 
households in Pyapon District, a delta region in Myanmar. International Journal of Disaster Risk 
Reduction 28: 10–21.

Opiyo, F.E.O., O.V. Wasonga, and M.M. Nyangito. 2014. Measuring household vulnerability to climate-
induced stresses in pastoral rangelands of Kenya: Implications for resilience programming. Pastoral-
ism 4 (1): 1–15.

Osumanu, I.K., P. Aniah, and A. Yelfaanibe. 2017. Determinants of adaptive capacity to climate change 
among smallholder rural households in the Bongo District, Ghana. Ghana Journal of Development 
Studies 14 (2): 142–163.

Panthi, J., S. Aryal, P. Dahal, P. Bhandari, N.Y. Krakauer, and V.P. Pandey. 2016. Livelihood vulnerability 
approach to assessing climate change impacts on mixed agro-livestock smallholders around the Gan-
daki River Basin in Nepal. Regional Environmental Change 16: 1121–1132.

Paudel, G.P., K.C. Dilli Bahadur, D.B. Rahut, N.P. Khanal, S.E. Justice, and A.J. McDonald. 2019. Small-
holder farmers’ willingness to pay for scale-appropriate farm mechanization: Evidence from the mid-
hills of Nepal. Technology in Society 59: 101196. https ://doi.org/10.1016/j.techs oc.2019.10119 6.

Phan, H.V., T.V. Dinh, and Z. Su. 2020. Trends in long-term drought changes in the mekong river delta of 
Vietnam. Remote Sensing 12: 2974. https ://doi.org/10.3390/rs121 82974 .

Rigg, J., M. Phongsiri, Buapun Promphakping, Albert Salamanca, and Mattara Sripun. 2019. Who will tend 
the farm? Interrogating the ageing Asian farmer. The Journal of Peasant Studies. 1: 15. https ://doi.
org/10.1080/03066 150.2019.15726 05.

Rurinda, J., P. Mapfumo, M.T.V. Wijk, F. Mtambanengwe, M.C. Rufino, R. Chikowo, and K.E. Giller. 2014a. 
Comparative assessment of productivity of maize, finger millet and sorghum for household food secu-
rity in the face of increasing climatic risk. European Journal of Agronomy 55: 29–41.

Rurinda, J., P. Mapfumo, M.T.V. Wijk, F. Mtambanengwe, M.C. Rufino, R. Chikowo, and K.E. Giller. 
2014b. Sources of vulnerability to a variable and changing climate among smallholder households in 
Zimbabwe: A participatory analysis. Climate Risk Management 3: 65–78.

Scoones, I. 1998. Sustainable rural livelihoods: a framework for analysis. IDS Working Paper No. 72. Insti-
tute for Development Studies, Sussex.

Sarker, M.N.I., M. Wu, G.M.M. Alam, and R.C. Shouse. 2019. Livelihood vulnerability of riverine-island 
dwellers in the face of natural disasters in Bangladesh. Sustainability 11: 1623. https ://doi.org/10.3390/
su110 61623 .

Sattaka, P., S. Pattaratuma, and G. Attawipakpaisan. 2017. Agricultural extension services to foster produc-
tion sustainability for food and cultural security of glutinous rice farmers in Vietnam. Kasetsart Jour-
nal of Social Sciences 38 (1): 74–80.

Smajgl, A., T.Q. Toan, D.K. Nhan, J. Ward, N.H. Trung, L.Q. Tri, V.P.D. Tri, and P.T. Vu. 2015. Respond-
ing to rising sea levels in the Mekong Delta. Nature Climate Change 5 (2): 167–174. https ://doi.
org/10.1038/nclim ate24 69.

https://doi.org/10.1080/10807039.2018.1460801
https://doi.org/10.1080/10807039.2018.1460801
https://doi.org/10.1007/s13753-019-00230-4
https://doi.org/10.1016/j.wace.2019.100195
https://doi.org/10.3390/cli8030041
https://kb.gcsu.edu/cgi
https://doi.org/10.1016/j.techsoc.2019.101196
https://doi.org/10.3390/rs12182974
https://doi.org/10.1080/03066150.2019.1572605
https://doi.org/10.1080/03066150.2019.1572605
https://doi.org/10.3390/su11061623
https://doi.org/10.3390/su11061623
https://doi.org/10.1038/nclimate2469
https://doi.org/10.1038/nclimate2469


302 T. D. N. Ho et al.

Southern Regional Hydro-Meteorological Centre (SRHMC). 2012. Recorded climate data 1978–2011. Ho 
Chi Minh city, Vietnam. http://www.kttv-nb.org.vn.

Su, F., U. Saikia, and I. Hay. 2019. Impact of perceived livelihood risk on livelihood strategies: a case study 
in Shiyang river basin China. Sustainability 11: 3349. https ://doi.org/10.3390/su111 23349 .

Sujakhu, N.M., S. Ranjitkar, R.R. Niraula, M.A. Salim, A. Nizami, D. Schmidt-Vogt, and J. Xu. 2018. Deter-
minants of livelihood vulnerability in farming communities in two sites in the Asian Highlands. Water 
International 43 (2): 165–182.

Sujakhu, M.M., S. Ranjitkar, J. He, D. Schmidt-Vogt, Y. Su, and J. Xu. 2019. Assessing the livelihood vul-
nerability of rural indigenous households to climate changes in Central Nepal. Himalaya. Sustainabil-
ity 11 (10): 2977. https ://doi.org/10.3390/su111 02977 .

Suwanna, T., and Nuttiporn, P. 2014. The effects of managers’ characteristics and perspectives on the finan-
cial performance of Thai agricultural cooperatives. Istanbul 9th International Academic Conference 
IISES; 13 April, pp. 863–871. http://www.eco.ku.ac.th/qa56/ong4/48.pdf.

Tan, Y., J. Guan, and H.R. Karimi. 2013. The impact of the subsidy policy on total factor productivity: An 
empirical analysis of China’s cotton production. Mathematical Problems in Engineering. https ://doi.
org/10.1155/2013/24853 7.

Tran, V.T., V.N. Pham, and N.H. Dao. 2016. Manifestations of climate change and sea level rise in Tien 
Giang province during the period of 1978–2015. Journal of Science, Ho Chi Minh City University of 
Pedagogy 9 (87): 188–200 ((in Vietnamese)).

Tran, D.D., G.V. Halsema, P.J. Hellegers, L.P. Hoang, and F. Ludwig. 2019a. Long-term sustainability of the 
Vietnamese Mekong Delta in question: an economic assessment of water management alternatives 
Agric. Water Management 223: 105703.

Tran, V.T., X.D. Tran, W.M. Soe, L.C. Pedro, D.D. Ho, H.P. Tran, and N.H. Dao. 2019b. Assessing spati-
otemporal drought dynamics and its related environmental issues in the Mekong River Delta. Remote 
Sensing 11: 2742. https ://doi.org/10.3390/rs112 32742 .

Tran, T.V., D.X. Tran, P.D.P. Huynh, H.N. Dao, T.M.T. Vo, H.P. Trinh, and X.Q. Tran. 2020. Analysing 
drought intensity in the mekong river delta using time series analysis and google earth engine. Interna-
tional Journal of Geoinformatics 16 (1): 1–7.

Ullah, R., G.P. Shivakoti, A. Kamran, and F. Zulfiqar. 2016. Farmers versus nature: Managing disaster risks 
at farm level. Natural Hazards 82: 1931–1945.

Unlu, H., and S. Aktas. 2017. Beta regression for the indicator values of well-being index for provinces in 
Turkey. Journal of Engineering, Technology and Applied Sciences 2 (2): 101–111.

United Nations Framework Convention on Climate Change (UNFCCC). 2006. Technologies for adaptation 
to climate change. UNFFCC, Bonn, Germany. https ://unfcc c.int/resou rce/docs/publi catio ns/tech_for_
adapt ation _06.pdf.

Vu, P.T., V.Q. Minh, V.T. Huy, and P.C. Nguyen. 2016. Effect of flooding and salinity as a result of climate 
change on land use suitability in the coastal zone of the Vietnamese Mekong Delta. Can Tho Univer-
sity Journal of Science 4: 71–83. https ://doi.org/10.22144 /ctu.jsi.2016.105.

Yamane, T. 1967. Statistics, an Introductory Analysis, 2nd ed. New York, USA: Harper and Row.
Zarafshani, K., and T. Maleki. 2020. Marzieh Keshavarz Assessing the vulnerability of farm families towards 

drought in Kermanshah province Iran. GeoJournal 85: 823–836.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published 
maps and institutional affiliations.

http://www.kttv-nb.org.vn
https://doi.org/10.3390/su11123349
https://doi.org/10.3390/su11102977
http://www.eco.ku.ac.th/qa56/ong4/48.pdf
https://doi.org/10.1155/2013/248537
https://doi.org/10.1155/2013/248537
https://doi.org/10.3390/rs11232742
https://unfccc.int/resource/docs/publications/tech_for_adaptation_06.pdf
https://unfccc.int/resource/docs/publications/tech_for_adaptation_06.pdf
https://doi.org/10.22144/ctu.jsi.2016.105

	Factors Influencing Smallholder Rice Farmers’ Vulnerability to Climate Change and Variability in the Mekong Delta Region of Vietnam
	Abstract
	Résumé
	Introduction
	Climate change in the MDR

	Materials and Methods
	Study Area
	Sampling Technique and Data Collection

	Methods of Analysis
	Measuring Smallholder Rice Farmers’ Vulnerability to Climate Change
	Factors Influencing the Vulnerability of Farmers to Climate Change

	Results and Discussions
	Sociodemographic Characteristics of Rice Farmers in the MDR
	Farmers’ Vulnerability to Climate Change in the MDR
	Determinants of Rice Farmers’ Vulnerability in the MDR

	Conclusion
	Acknowledgements 
	References




