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Abstract 

 The impacts of natural disasters on a subject depend on the complex interaction 

between damaging physical events and the vulnerability of the subject. Developing countries 

like Vietnam have been affected by disasters such as storms, floods and seem to suffer more 

from the negative impacts of the shocks due to their vulnerability. This study aims to assess 

the vulnerability of households to flood risk in Vietnam by analyzing the relationship 

between vulnerability and poverty.   

 The study uses data from a household survey conducted in Nghe An province in 2012. 

Vulnerability as expected poverty approach (VEP) is applied to investigate the vulnerability 

to floods. This approach bases on the idea that a household is said to be vulnerable to flood 

risk if any hazard causes loss of welfare below the poverty line. The probability of 

vulnerability of each household is estimated using the three-step feasible generalized lease 

squares (FGLS) method. Then the study makes the comparison between vulnerability level of 

flooded households and non-flooded households.  

 The results suggest that flooded households are negatively affected by flooding in 

terms of housing, agricultural production, and medical expenses. In addition, the percentage 

of flooded households living below the poverty line is 40.33 percent, while that of non-

flooded households is 35.33 percent. Besides, 54.70 percent of flooded households are facing 

the risk of poverty while 41.35 percent of non-flooded households are struggling with the 

same problem. Thus flooded households are poorer and also more vulnerable than non-

flooded households. 
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1. Introduction 

Mankind has witnessed many severe natural disasters, such as the Indian Ocean 

earthquake and tsunami in 2004 which killed over 230,000 people in fourteen countries or 

hurricane Katrina in the United State in 2005 which affected over 15 million people in 

different ways in terms of life-threatening and economic losses (Paris et al., 2007; Sherman & 

Shapiro, 2005). Especially in the context of climate change, people nowadays are facing 

natural hazards with further increasing severity and intensity. However, disasters are not so 

natural despite its natural origin. Birkmann (2006) stressed that defining disasters primarily 

as physical occurrences largely requires technological solutions. Hence disasters are better 

viewed as a result of the complex interaction between a potentially damaging physical event 

(e.g. floods, droughts, fire, earthquakes, and storms) and the vulnerability of a society, its 

infrastructure, economy, and environment, which are determined by human behavior. This 

also raises the importance of identifying and measuring vulnerability to environmental risk in 

the long-term disaster-risk reduction.  

Besides, poor people seem to suffer most from the negative impacts of natural 

disasters due to the lack of capacity to prepare for and cope with the effects of the shocks. 

Abera Tola, Oxfam‟s Horn of Africa Regional Director, said that “People who are already 

poor and marginalized are struggling to cope with the added burden of increasingly 

unpredictable weather” (Oxfam, 2010). Poverty and vulnerability are likely to be two sides 

of the same coin. People living under the poverty line usually have less access to natural 

resources and income improved opportunities which make them more exposed and 

vulnerable to natural catastrophes. At the same time, being vulnerable leads them to be even 

poorer after the shock happened. Therefore, assessing vulnerability to flood risk of the people 

living in a developing country like Vietnam can contribute to theoretical and empirical 

studies of this aspect. 

Being one of the most disaster-prone countries in the world, Vietnam has been 

suffered extensive consequences from flooding, including damages to infrastructures, 

economics losses and numerous fatalities. Each year, dozens, often hundreds, of people die 

because of floods in Vietnam, parts of which are densely populated, low-lying located, and 

regularly struck by heavy weather and floods during the rainy season. In a conference on food 

security and climate change in Hanoi, Prime Minister Nguyen Tan Dung told that an average 
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of 430 people were killed each year by natural disasters between 2007-2011, with property 

losses estimated at 1 percent of the gross domestic product (Reuters Canada, 2012). In 

addition, according to Vietnam‟s Emergency Events Database (EMDAT), floods alone 

affected 35 million people between 1960 and 2006. Vietnam has also been considered as one 

of the top 15 countries in the world already being vulnerable to natural hazards in terms of 

number of people affected and scale of exposure (Dilley et al. 2005).  

The impact of floods is not only in terms of fatalities but also in terms of economic 

damages. The data from EMDAT showed that in the period of 2000-2010, among different 

natural hazards, storm is the one which causes the most mortality in Vietnam with 54.8 

percent, followed by flood which accounts for 39.3 percent. Storm also induces 57.9 percent 

of economic losses while flood accounts for 37.3 percent (Figure 1). Since storm and flood 

are disasters strongly related to climate, Vietnam is dealing with higher vulnerability in the 

future due to climate change.  

Figure 1.1 Percentages of Vietnam’s mortality and economic costs based on natural 

disaster type 2000-2010 

  

Source: EMDAT (2014) 

The sources of Vietnam's predisposition to floods are both geographical and 

topographical. Being located in the South China Sea, Vietnam is part of a tropical monsoon 

sea belt and receives torrential rain ranging from 1,200 to 3,000 mm per year. In addition to 

the monsoon rains are 6 to 8 storms hitting the coast every year. The combination of the 

typhoon and the monsoon seasons results in the flood season which starts in July and ends in 

November. Besides, climate change is expected to bring augmented disasters to Vietnam in 
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the form of typhoons, floods and droughts.  Figure 2 illustrates the presence of different 

natural disaster in the whole country. 

 Around 10 percent of Vietnamese population and GDP are projected to be affected if 

sea-level were to rise by one meter (Reynaud et al., 2013).  The World Bank‟s study on the 

effect of sea-level rise on developing countries consistently ranks Vietnam as the first or 

second most vulnerable country across various dimensions (including land area impacted, 

population affected, and economic loss) to sea-level rise (Dasgupta et al., 2007). Climate 

change may also be a factor influencing future flood losses and this situation will probably 

become even more alarming in the future (IPCC, 2001). Especially due to the environmental 

degradations, for example the destruction of mangrove forest, the impact of climate change 

will be further compounded. 

Figure 1.2 Natural Disaster map in Vietnam 

 

Source: Asean Disaster Reduction Center (2014) 

There have been numerous studies focusing on the vulnerability and adaptive capacity 

of people and communities in the context of climate change and natural disasters in recent 

years (e.g.,  Adger, 1999; Few & Tran, 2010). Those studies have been approaching the 

concept of vulnerability in many different ways. But generally, the concept includes the 

attributes of persons or groups that enable them to cope with the impact of disturbances, like 

natural hazards (Janssen & Ostrom, 2006). The relationship between vulnerability to 

http://rsta.royalsocietypublishing.org/search?author1=S.+M.+Tapsell&sortspec=date&submit=Submit
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environmental risk and poverty is also analyzed in multiple studies. This study will review 

theoretical and empirical studies in this field and develop an assessment of household 

vulnerability to flood risk in Vietnam.   

Vulnerability is a broad concept, therefore the assessment of vulnerability depends 

very much on how it is defined and approached. One also suggests that vulnerability has to be 

assessed in a specific context, place and system. Thus, in this paper, the vulnerability is 

analyzed in the perspective of households and in the context of increasing flood risk due to 

climate change in Vietnam. The main objective of the study is to assess the household 

vulnerability to flood risk in Vietnam by investigating the connection between Vietnamese 

household vulnerability and poverty. In addition, the study also evaluates the impact of flood 

on the livelihood of Vietnamese household by using the household survey conducted in Nghe 

An province in 2012. 

The study is going to answer the following research questions: What are the impacts 

of flood risk on the livelihood of Vietnamese households? How is household‟s vulnerability 

to environmental risk, in particular, flood risk? Which methodology is suitable to estimate 

vulnerability to floods in Vietnam by using cross-sectional data from a household survey? 

The study can contribute to the research on impacts of environmental risk and climate 

change to vulnerable people in developing country. It might also provide useful information 

for Vietnamese policy-makers to understand and develop appropriate policies to support the 

people, especially the poor, living in flood-prone area. 

2. Literature review 

 2.1 A brief on vulnerability 

Vulnerability is a terminology which has been used in multiple scientific fields such 

as computing security, military, and human-environment research. Within the context of 

environmental hazards and climate change, vulnerability has also been approached in many 

different ways. However, what cannot be denied is the role of vulnerability assessment in 

understanding, coping, and mitigating environmental risks. The Intergovernmental Panel on 

Climate Change (IPCC) stated there is a high confidence that the severity of the impacts of 

extreme and non-extreme weather and climate events depends strongly on the level of 

vulnerability and exposure to these events (IPCC, 2012). Many other researchers also 

emphasize the importance of vulnerability as a key indicator of the seriousness of 
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environmental problems (Adger et al., 2001). The question here is what is vulnerability? 

There is a vast variety of different definitions, concepts and methods to systematize 

vulnerability. Birkmann (2006) points out a paradox that we are dealing with: we want to 

measure vulnerability, yet we cannot define it precisely.  

In term of etymology, the term „vulnerability‟ stems from Latin “vulnus” - the wound 

and “vulnerabilis” - being wounded (Fekete, 2010). Vulnerability usually expresses negative 

meaning. Figure 3 depicts related expressions to this term which also bring about negative 

implications. Nevertheless, to define vulnerability properly, it is essential to connect it to a 

specific context: vulnerability of “what” to “what”. Different literature tends to view 

vulnerability in slightly different manners. For the purpose of defining vulnerability of 

household to flood risk, the study is going to review the vulnerability concept from poverty 

dynamic literature and disaster management literature because they are the most related 

studies to the study topic. 

 Figure 2.1 Think map for “Vulnerable” terminology 

 

Source:  Visual Thesaurus (2014) 
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2.1.1 Vulnerability concept from poverty dynamic literature 

There have been a significant number of studies analyzing the intimately relationship 

between poverty and vulnerability including poverty dynamic research (e.g., Jalan and 

Ravillion, 1998; Sricharoen, 2011). Poverty dynamic literature usually considers poverty as a 

stochastic process which can vary in different time periods. A household is poor now may be 

not poor tomorrow and vice versa, a household is living above the poverty line at the moment 

can be poor in the future due to the impact of a shock. Besides, poverty can be classified as 

either chronic or transitory. A household can be considered as chronically poverty if it is poor 

for the entire reference period. Alternatively, if the household moves in and out of poverty 

during the period, it is defined as transitorily poverty. Transitorily poverty may occur as a 

result of structural factors (e.g., low education) and life cycle events (e.g., divorce) or risk 

(e.g., flood). According to Coudouel and Hentschel (2000), chronic poverty is associated with 

structural vulnerability and transitory poverty is associated with transitory vulnerability.  

Hoddinott & Quisumbing (2003) provide a general definition of vulnerability: 

“Vulnerability is the likelihood that at a given time in the future, an individual will have a 

level of welfare below some norm or benchmark.” The welfare can be expressed in term of 

consumption or income, and the norm or benchmark as the poverty line. Chaudhuri et al. 

(2002) define vulnerability at the household level in a more specific way as the probability 

that a household, regardless of whether it is poor today, will be consumption poor tomorrow. 

Formally, the vulnerability level of household h at time t is defined as the probability that the 

household will be consumption poor at time 𝑡 + 1: 

𝑣ℎ𝑡 = Pr(𝑐ℎ ,𝑡+1 = 𝑐 𝑋ℎ ,𝛽𝑡+1,𝛼ℎ , 𝑒ℎ ,𝑡+1 ≤ 𝑧|𝑋ℎ ,𝛽𝑡 ,𝛼ℎ , 𝑒ℎ𝑡) 

where  𝑐ℎ ,𝑡+1 is the per capita consumption level of the household at time 𝑡 + 1; z is 

the poverty line; 𝑋ℎ  is a set of observable household characteristics; 𝛽𝑡+1 and 𝛽𝑡  are vectors 

of parameters describing the state of the economy at time 𝑡 + 1 and time t, respectively; 𝛼ℎ  

represents an unobservable time-invariant effect; and 𝑒ℎ ,𝑡+1 and 𝑒ℎ𝑡  are any idiosyncratic 

factors (shocks) that contribute to differentiate welfare outcomes for households that are 

otherwise observationally equivalent. 

According to Chaudhuri et al. (2002), vulnerability is an ex-ante (forward-looking) 

rather than an ex-post concept. Given welfare measure and poverty threshold, the poverty 

status can be observed at a specific time period and therefore considered as ex-post 
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realization. In contrast, one cannot observe household vulnerability at one point in time, 

rather it can only be predicted. Thus, vulnerability can be seen as ex-ante measure of a 

household‟s well-being. 

Other literature also defines vulnerability by using a utilitarian approach (e.g., Ligon 

& Schechter, 2003). Ligon & Schechter (2003) considered vulnerability as the utility lost due 

to risk. It is measured as the difference between the utility of some certainty-equivalent 

consumption, above which the household would not be regarded as vulnerable, and the 

expected utility of consumption. The paper decomposes the risk into different measures of 

risk including aggregate risk and idiosyncratic risk. The risk only having impacts on 

individuals or households (e.g., job loss of the household‟s head) is viewed as idiosyncratic 

risk. The aggregate risk is the one that affects a group of households or entire communities 

(e.g., financial crisis). 

2.1.2 Vulnerability concept from disaster management literature  

 A large amount of literature studies the relationship between human vulnerability and 

natural disasters, especially in the context of climate change. The common theme of these 

papers is to define vulnerability with respect to natural disasters; and individuals, households, 

communities, etc. are vulnerable to negative consequences of a natural disaster (Kreimer & 

Arnold, 2000). According to the definition of the International Strategy for Disaster 

Reduction (UN/ISDR), vulnerability is “the conditions determined by physical, social, 

economic and environmental factors or processes, which increase the susceptibility of a 

community to the impact of hazards” (UN/ISDR, 2004). Besides, being the leading scientific 

international organization for the assessment of climate change, the Intergovernmental Panel 

on Climate Change defines vulnerability in the context of climate change as “the degree to 

which a system is susceptible to, and unable to cope with, adverse effects of climate change, 

including climate variability and extremes” (IPCC , 2007). 

 Those definitions and many other studies suggest to approaching vulnerability as a 

function of exposure, sensitivity, and adaptive capacity. It implies that a system is vulnerable 

if it is exposed and sensitive to the effects of an adverse risk and at the same time has only 

limited capacity to adapt. On the contrary, a system is less vulnerable if it is less exposed, less 

sensitive or has a strong adaptive capacity (Smit et al., 1999; Smit and Wandel, 2006). Thus, 

the household vulnerability to flood risks can, for example, be described in term of 

household‟s exposure to flood; the sensitivity of housing, agricultural production and health 
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to the increased flood risk due to climate change; and the capacity of the household to adapt 

to the impact of these exposures and sensitivity by, for example, building higher floor to 

mitigate damage to housing by flood or changing the crop period to avoid high flooding 

season.  

Figure 2.2 Vulnerability and its components 

 

Source: Allen Consulting (2005). 

 Exposure can be understood as “the nature and degree to which a system is exposed to 

significant climate variations” (IPCC, 2001). In the context of flooding, exposure can be 

defined as number of times a household has been exposed to floods in a certain period. It also 

takes into account the intensity of exposed flood which can, for example, be measured by 

number of days the house flooded and the maximum elevation of the flood inside the house. 

Sharma et al. (2000) also show that the poor are more exposed, and thus more vulnerable, to 

risky events because of their housing locations.  

 IPCC report defines sensitivity as the degree to which a system is affected, adversely 

or beneficially, by a given exposure (IPCC, 2007). The change in annual crop yield due to a 

flood in early autumn of that year is one possible example. Exposure and sensitivity together 

reflect the potential impact of flood risks on household. However, it does not mean that a 

household with high exposure and sensitivity necessarily needs to be vulnerable. Another 

important factor which determines vulnerability is the adaptive capacity of the household to 
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the shock. Adaptive capacity is “the ability of a system to adjust successfully to climate 

change to moderate potential damage, to take advantage of opportunities, and/or to cope with 

the consequences” (IPCC, 2007).   

 2.2 Literature review on methodology of vulnerability assessment 

 Due to the variety of definitions of vulnerability, there are also numerous suggested 

methods to assess the concept. Fellmann (2012) points out that vulnerability assessments can 

“vary with respect to the methodological approach (e.g., experimental, modelling, meta-

analysis, and survey-based), the integration of natural and social science, policy focus, time 

horizon (short- to long-term), spatial scale (farm, local, national, regional, and global level), 

consideration of uncertainties, and the degree of stakeholder involvement”.   

 Using indicators and indices to quantify the vulnerability is regarded as a common 

method used by poverty dynamic studies (e.g., Chaudhuri et al., 2002; Skoufias & 

Quisumbing, 2005). Hinkel (2011) shows that there is no sufficient “one size fit all” 

vulnerability label since it disguises the vast amount of different types of problems addressed 

and method applied. However, some research indicates that at local scales and when system 

can be narrowly defined, vulnerability indicators are considered to be suitable means to 

identify particular people, regions or sectors (Barnett et al., 2008; Hinkel, 2011).  

 Chaudhuri et al. (2002) suggest assessing vulnerability by using Vulnerability as 

Expected Poverty indicator (VEP). As defined above, vulnerability is the ex-ante risk that a 

household will, if currently non-poor, fall below the poverty line, or if currently poor, will 

remain in poverty. The authors use consumption as welfare indicator and predict future 

consumption for each household based on the regression on household characteristics related 

to poverty, shocks, and risks. Three-step feasible generalized least squares (FGLS) suggested 

by Amemiya (1977) are employed to rule out the heteroskedasticity and measurement errors 

in the observed data on consumption expenditures. The study finds that the fraction of 

Indonesian population that is vulnerable to poverty amounts to 45 percent, which is 

considerably greater than the fraction of 22 percent of the population that is observed to be 

poor. The advantage of this method is that it can be estimated with a single cross-sectional 

data which is usually more likely to be available than panel data in developing countries. 

However, to use this method, one has to make an assumption that idiosyncratic shocks to 
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consumption are identically and independently distributed over time but not necessarily 

identically distributed across households. 

 Ligon & Schechter (2002) develop a utilitarian approach to define vulnerability and 

quantify the welfare loss associated with poverty, idiosyncratic risk, aggregate risk, and 

uncertainty. By comparing the utility of some level of certainty equivalent consumption, and 

the expected utility of consumption, the authors conclude that aggregate risks have greater 

impacts than idiosyncratic risks. The novel of this method is that it can provide clean 

disaggregation between vulnerability due to poverty and vulnerability due to uninsured risk. 

However, one may need panel data to calculate this vulnerability measurement. 

 On the other side, disaster management literature also employs a variety of methods to 

assess vulnerability. A complex analytical framework is usually used to examine 

vulnerability and its components. For instance, the analytical framework presented in Turner 

et al. (2003) is widely used in many studies. This framework suggests analyzing vulnerability 

in the global environmental change community by looking at complex and diverse linkages 

of coupled human-environment systems. Vulnerability in this study encompasses exposure 

(characteristics and components of exposure), sensitivity (the interaction between human 

conditions and environmental conditions), and resilience (combining coping, impact and 

adaptation responses). The interaction of the multiple interacting perturbations, stressors and 

stresses is also taken into account in this framework. The framework is illustrated in Figure 

2.3.  
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Figure 2.3 Turner et al.’s Vulnerability framework 

 

Source: Turner et al. (2003) 

 Some papers develop economic simulation models to assess the impact of climate 

change (e.g., Nelson et al., 2009; Reidsma et al., 2009). Other publications use statistical 

approaches which are deemed to require less data than simulation issues (Fellmann, 2012). 

For example, Brouwer et al. (2007) develop a simple analytical model and tested the complex 

relationship between environmental risk, poverty, and vulnerability, using data and 

conventional indicators from a large-scale survey of households in rural Bangladesh. Figure 

2.4 shows the model which is used in the study. They find that there is a positive relationship 

between environmental risk, poverty, and vulnerability.  

 

 

 

 

 

 



 

12 

 

Figure 2.4 Analytical framework suggested by Brouwer et al. (2007) 

 

Source: Brouwer et al. (2007) 

 Besides, some climate change and disaster management literature use vulnerability as 

expected poverty indicator to conduct vulnerability assessments. For instance, Deressa et al. 

(2009) assess household vulnerability to climate change in the Nile basin of Ethiopia by 

estimating the probability that a given shock or sets of shocks will move a household‟s 

income below the poverty threshold or force the income level to stay below the threshold if it 

is already below this level. They include climatic shocks (droughts, floods and hailstorms) in 

the log-income model in order to predict the vulnerability probability with the assumption 

that experiencing adverse climatic shocks will increase the probability of a farmer‟s income 

being below the poverty line. This is a quite strong assumption since including disaster 

variables in the income regression does not necessarily mean that income fluctuations are 

caused by those variables and one can conclude that the farmers are vulnerable to climate 

change. Rayhan (2008) employs a similar approach which uses vulnerability as expected 

poverty to estimate vulnerability to floods of households in Bangladesh. However, the flood-

related variables are not explanatory variables for log-income but considered as idiosyncratic 

shocks which are captured in the disturbance term of flooded households. These shocks 

contribute to differentiate per capita income level of households that are otherwise 

observationally equivalent. This assumption is rather rational because non-flooded 
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households are not affected by the floods and one can see the effects of flooding on 

household vulnerability by comparing flooded household and non-flooded household.  

 Fellmann (2012) also highlighted the involvement of stakeholders in the application 

of vulnerability assessment methods, especially on local and national scale. There are various 

methods to involve stakeholders, including cognitive mapping, expert judgment, 

brainstorming, or checklists, but also via interviews or surveys. In addition, stakeholder 

involvement can also be used in combination with other methods to assess vulnerability. 

2.3 Summary and conclusion 

Different approaches and methodologies are used to systemize vulnerability in many 

countries. The poverty dynamic literature provides rather strong empirical methods to 

estimate vulnerability of the household. These methods can also be used in studies involving 

environmental threats and natural hazards. The disaster management literature conceptualizes 

vulnerability in a more complicated approach by looking at its components: exposure, 

sensitivity and adaptive capacity.  

The objective of the paper is to assess household vulnerability to flood risk by using 

cross-sectional data from a household survey in Nghe An province, Vietnam. Given the 

complexity of the vulnerability concept and the large number of methods applied, it is quite 

problematic to choose a suitable definition and methodology in order to conduct vulnerability 

assessment. Besides, we also need to take into account the available data while considering a 

rational measurement.  

The vulnerability as expected poverty estimate from poverty dynamic literature seems 

to be the most suitable methodology because it encompasses the ability to (1) evaluate the 

relationship between vulnerability and poverty; (2) include the impact of environmental 

shocks (e.g. flood) on the well-being of household; and (3) use the cross-sectional data from 

household survey. The notion of vulnerability here is more or less simple but some authors 

also suggest that due to the close correspondence between the two concepts, poverty should 

be considered as an appropriate indicator of vulnerability (e.g., Adger, 1999). 

3. Data and methodology 
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3.1 Background information on study area 

 Nghe An province is located in the North-centre of Vietnam. With the total area of 

16,493.7 km² and the population of 2.952 million people (2012), Nghe An is the largest and 

the fourth most populous province in the country. The province shares its border with Thanh 

Hoa province in the North, Ha Tinh province in the South, Laos country in the West and 

South China Sea in the East with 82km long-coastline. There are 86.67 percent of the people 

living in rural areas. People living in urban only focus on Vinh city with small proportion. 

The density of population is about 178 people per square kilometer.   

 The topography of Nghe An is complicated with mountains and hills covering 83 

percent of the natural land area. The province is divided by hills, mountains, rivers and 

streams, having the downward slope from the North to the West and the South to the East. 

The river system is dense with 9,828 km total length of running rivers and streams and 

0.7km/km2 in term of average density. Figure 3.1 shows the map of Nghe An province and 

its location in Vietnam.   

Figure 3.1 Maps of Nghe An province

 

Source: Vietnam Investment Network Corporation (n.d.) 

 Nghe An is affected by tropical-monsoon climate which features wet and dry seasons, 

with extraordinarily rainy wet seasons and pronounced dry seasons. The dry seasons are 

usually from February to July when the temperature is over 37 degrees Celsius on many days 
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(June-July). Besides, the wet season from August to January experiences high level of rainfall 

and even typhoons.  

 Due to the complex topography and harsh climate, the area has been suffering from 

several natural disasters including typhoon, flood, drought, sea tide, etc. Among them, 

typhoon and flood are the disasters which have been causing the largest damage to people 

and economy. The coastal area suffers more from typhoons while the plain and mountainous 

areas are usually affected by floods. There were 34 typhoons happening in Nghe An from 

1990 to 2010, that are 1-1.5 typhoons per year on average. Figure 3.2 depicts the number of 

typhoons entered Nghe An in the period of 1990-2010. 

Figure 3.2 Number of typhoons happened in Nghe An in 1990-2010

 

Source: Water Resources University (2012) 

 Besides, the area suffered from 29 big floods in the same period, causing significant 

losses in terms of infrastructures, economy and fatalities, especially in the year of 1954, 1963, 

1973, 1998, 2007 and 2010. The statistical data shows that it takes usually 9-10 years on 

average for a big flood event to occur. The reasons of big and long flooding in Nghe An are 

mainly because of heavy rains, tide-level raise, and the decrease of protected forest area. In 

some years, a typhoon came together with heavy rainfall leading to inundation in rivers. In 

addition, the breaking of the dam system also resulted in flooding of the downstream area, 

causing losses in human lives, properties as well as crops. In total, flooding in 21 years from 

1990 to 2010 induced economic losses of about more than 3,300 billion VND (approximately 

$157.4 million USD). 
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 Nghe An province has long been impacted by the effect of many natural disasters, 

especially typhoons and floods. Climate change seems to make the problem more severe due 

to unexpected weather conditions, complex climate events, and especially sea-level rise. 

Meanwhile, infrastructure, flood early-warning systems and economic development in 

general are not equipped adequately to cope with and adapt to increasing numbers and 

severity of those disasters.  

3.2 Data collection 

 The survey on flooding was conducted by a joint research project on Public Flood 

Management Policy between Toulouse School of Economics and Vietnam Centre of 

Research on Economics, Management and Environment. After several meetings in order to 

design an appropriate questionnaire and a pilot study in December 2011 on 30 households, 

the final survey took place from April to June 2012. First, 14 out of total 17 districts in Nghe 

An were selected based on geographical characteristics in order to include districts in coastal 

area, plain area and mountainous area. Then, 2 representative communes were targeted within 

each district based on the consultation with local representatives of the Ministry of 

Agriculture and Rural Development. Finally, among each commune, 16 households were 

randomly chosen from the village list of registered households. This sampling strategy 

guaranteed that the data collected would take into account all types of floods which may 

affect the population and the household sample was representative of Nghe An population. 

Overall, there were 448 households in 28 villages from 14 districts in Nghe An that was 

taking part in face-to-face interviews in the survey. Figure 3.3 illustrates the sampling 

strategy used in the study. 

 The questionnaire was carefully developed with the participation of research team 

members, water experts and local representatives through many meetings from June 2011 to 

December 2011. It consists of seven sections. The first section investigates the socio-

demographic questions such as income and family structure. Especially, this section also 

includes specific questions for farmers. The other sections refer to the opinion and experience 

of respondents to flooding in the past as well as the expectation in the future. The 

enumerators were coming from Vanxuan University of Technology in Nghe An province to 

reduce the cultural bias.  
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Figure 3.3 Sampling 

strategy

 

Source: Author‟s own depiction 

3.3 Conceptual framework 

 The working concept of vulnerability used in this study is depicted in the box below: 

Box 3.1: Working concept of household’s vulnerability to flood risk 

 A household is said to be vulnerable to flood risk if any flood hazard causes loss of welfare 

below some socially accepted norms. The degree of vulnerability depends on the exposure level of 

flood and the household’s ability to respond to risk. The ability to respond to risk depends on 

household characteristics. The outcome is defined with respect to some benchmark —a socially 

accepted minimum reference level of welfare (e.g., poverty line). 

  Therefore, household‟s vulnerability to flood risk is simply defined as “the probability 

of household‟s income falling below the poverty line due to flood exposure”.  Figure 3.4 

illustrates the analytical framework of household‟s vulnerability to flood risk in the case 

study which is worked in detail later in Chapter 4. The framework starts with a notion of 

flood risk. Flood risk signifies the possibility of downside flood effects in the future. 

However, the existence of risky events does not imply that households are exposed to them. 

Once the flood occurs, the household exposed to flood might be affected by the impact which 

is either negative or positive. In most of the related studies, the positive impacts of flood are 
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usually underestimated or ignored. In fact, flood sometimes can provide the basis for the 

growth of crops, plants and aquatic life. However, the negative side of flood is so prominent 

that this study only looks at the downside effects which cause damages to household in the 

area. 

 The risk exposure is characterized by the frequency and the magnitude of flooding. 

From the household perspective, the degree of flood exposure can be measured through the 

flood duration and inundation depth. The impact of flooding does not only depend on the 

degree of exposure, but also the vulnerability level of the subject. The households which are 

more vulnerable tend to suffer more from the downside effects of flooding since they do not 

have enough capacity to prepare for and cope with the shock. The result is that some 

households move or stay below the poverty line after the shock occurs. 

Figure 3.4 Analytical framework 

 

Source: Modified from Rayhan (2008) 

3.4 Methodology of vulnerability assessment 

As indicated in the last chapter, the approach of vulnerability as expected poverty is 

used to assess the vulnerability of households to flood. This approach is based on Chadhuri et 

al. (2002). The authors define vulnerability as the probability that a household, regardless of 

whether it is poor today, will be poor tomorrow. The measure of welfare in their study is 
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consumption level. However, this study uses the income as the indicator of welfare for the 

following reasons: (1) income is also a popular measure of household welfare in many studies 

(e.g., Rayhan, 2008; Deressa et al., 2009); (2) the survey only provides information on 

household‟s income; and (3) the poverty line in Vietnam is usually defined by level of 

income. 

Based on Chaudhuri et al.‟s (2002) method, the vulnerability of a household h at time 

t is defined as the probability that income of household h will be below poverty line at time 

𝑡 + 1: 

𝑉ℎ𝑡 = Pr(𝑦ℎ ,𝑡+1 ≤ 𝑧)   (3.1) 

where 𝑦ℎ ,𝑡+1is the per capita income of household h at time 𝑡 + 1 and z is the income poverty 

line.  

Since vulnerability is a forward looking measure of household‟s wellbeing, the 

vulnerability level at time t is defined in terms of household income at time 𝑡 + 1. This is 

relevant with the theoretical approach which considers poverty as ex-post measure and 

vulnerability as ex-ante measure of wellbeing. One can estimate whether a household is 

currently vulnerable to future poverty, but is never able to directly observe a household‟s 

current vulnerability level. Therefore, vulnerability assessment can only be done by making 

inferences about household‟s future income prospects. So inter-temporal aspects and cross-

sectional determinants of income levels need to be figured out. 

Household income in any period in the future depends on a number of factors 

including current income, the risk (flood shock) it faces regarding future income and its 

ability options to mitigate risks. Each of these will in turn depend on observable and 

unobservable household characteristics. Thus, from a general conceptual level, household 

income can be defined as: 

𝑦ℎ𝑡 = 𝑓(𝑋ℎ ,𝛽𝑡 ,𝛼ℎ , 𝑒ℎ𝑡) (3.2) 

where 𝑋ℎ  is a bundle of observable household characteristics, f  is the functional form, 

𝛽𝑡  is a vector of parameters describing the state of the economy at time t; 𝛼ℎ  is an unobserved 

time-invariant household-level effect, and 𝑒ℎ𝑡  represents the idiosyncratic shocks that 

contribute to differentiate future income for households that are otherwise observationally 

equivalent. 
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Substituting equation (3.2) to equation (3.1), the expression of vulnerability level can 

be written as:  

𝑣ℎ𝑡 = Pr(𝑦ℎ ,𝑡+1 = 𝑦 𝑋ℎ ,𝛽𝑡+1,𝛼ℎ , 𝑒ℎ ,𝑡+1 ≤ 𝑧|𝑋ℎ ,𝛽𝑡 ,𝛼ℎ , 𝑒ℎ𝑡) (3.3) 

The above expression shows that the household‟s vulnerability level derives from 

stochastic properties of the inter-temporal income stream it faces, and these in turn depend on 

a number of household characteristics. At a conceptual level, the expression is very general in 

a number of respects. First, it allows for the possibility of complicated interactions between 

the cross-sectional determinants of a household‟s vulnerability. Secondly, because a 

household‟s vulnerability is defined in terms of its future income prospects conditional on its 

current characteristics, both observed and unobserved, the possibility of poverty traps and 

other non-linear poverty dynamics is implicitly built in. And third, the possible contribution 

of aggregate shocks and unanticipated structural changes in the macro-economy to 

vulnerability at the household level is also incorporated through inclusion of the time-varying 

set of parameters, 𝛽𝑡 . 

The probability that a household will be poor depends, not just on its expected income 

(i.e., mean income), but also on the volatility (variance from an inter-temporal perspective) of 

its income stream. To estimate a household‟s vulnerability we therefore need to estimate both 

its expected income and the variance of its income, at a minimum. Ideally, this would be 

done using panel data of sufficient length. With such data, one could directly estimate the 

inter-temporal variance of income at the household-level without the need for auxiliary 

assumptions. However, for cross-sectional data, some assumptions need to be made in order 

to conduct those estimations, especially, the assumption to limit the unobservable 

heterogeneity in future incomes of households who are observationally identical along a 

number of characteristics.  

The assumptions for cross-sectional data start with a stochastic process which 

generates the log per capita income of a household h: 

𝑙𝑛𝑦ℎ = 𝑋ℎ𝛽 + 𝑒ℎ  (3.4) 

where 𝑦ℎ  is the per capita income, 𝑋ℎ  represents a bundle of observable household 

characteristics such as: demographic factors: household size and household size squared, 

adult ratio, age and age squared of household head, gender, education level and occupation of 

household head; and economic factors: per capita bedroom, other source of income 



 

21 

 

(remittances). 𝛽 is a vector of parameters, representing the structure of the economy, and 𝑒ℎ  

is a mean-zero disturbance term that captures the idiosyncratic shocks.  

The expression (3.4) implicitly assumes that 𝑒ℎ  is identically and independently 

distributed over time for each household. This assumption rules out the effects of serially 

correlated flood shocks and unobservable household-specific variations. It is also assumed 

that the structure of the economy (captured by the vector β) is relatively stable over time, 

ruling out the possibility of aggregate shocks (i.e., unanticipated structural changes in the 

economy). Thus, the uncertainty about future income stems only from the uncertainty about 

the idiosyncratic shock, 𝑒ℎ . The uncertainty about future income that arises from uncertainty 

about the future structure of the economy is ignored in this study. However, as note below, it 

is not assumed that they are identically distributed across households. 

The variance of 𝑒ℎ  is assumed to depend on the observable household characteristics, 

such that: 

𝜎𝑒 ,ℎ
2 = 𝑋ℎ𝜃  (3.5) 

Parameters β and θ can be estimated by using the three-step feasible generalized least 

squares (FGLS) procedure suggested by Amemiya (1977). This procedure first solves the 

problem of heteroscedasticity in the error term of equation (3.4). Conventional GLS could be 

suitable for estimating β, but obtaining the GLS estimator 𝛽  requires knowing 𝜎𝑒 ,ℎ
2  up to a 

scale where 𝜎𝑒 ,ℎ
2  is a known positive definite matrix. However, this study assumes the matrix 

in terms of household characteristics 𝑋ℎ  and a vector of parameter 𝜃. Therefore, using the 

FGLS estimation is more efficient because in this procedure, the unknown matrix 𝜎𝑒 ,ℎ
2  is 

replaced by a consistent estimator. FGLS also provides the robust estimation through 

checking the autocorrelation in 𝑒ℎ . The estimation steps are as follows: 

First, the OLS estimated residuals from equation (3.4) are squared to estimate the 

following equation: 

𝑒 𝑂𝐿𝑆,ℎ
2 = 𝑋ℎ𝜃 + 𝜑ℎ   (3.6) 

𝑒 𝑂𝐿𝑆,ℎ
2  is regressed on households‟ characteristics to measure inter-temporal variance 

of log-income across households. For the overall sample and non-flooded households, the 

𝑒 𝑂𝐿𝑆,ℎ
2  would be regressed on the same bundle of characteristics as in equation (3.4). 
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Nevertheless, for flooded households, 𝑒 𝑂𝐿𝑆,ℎ
2  is regressed on the households‟ characteristics 

with the addition of flood exposure (e.g., flood duration, water level in the house); damage 

factors (e.g., flood cost on house, health and agriculture); coping factors (e.g., how many 

mitigation strategies applied); and community characteristics (e.g., media access and member 

of community group). The term 𝜑ℎ  is the disturbance term which allows measurement error 

in the survey data that inflates the volatility. Since the error term in equation (3.4) is 

correlated with the explanatory variables (𝑋ℎ), the problem of endogeneity needs to be fixed 

by finding consistent and efficient estimators.  

Secondly, the equation (3.6) is transformed as follows: 

𝑒 𝑂𝐿𝑆 ,ℎ
2

𝑋ℎ𝜃 𝑂𝐿𝑆
=  

𝑋ℎ

𝑋ℎ𝜃 𝑂𝐿𝑆
 𝜃 +

𝜑ℎ  

𝑋ℎ𝜃 𝑂𝐿𝑆
   (3.7) 

From this equation, by using OLS regression, we can obtain the efficient estimation of 

parameter , 𝜃 𝐹𝐺𝐿𝑆 . Besides, 𝑋ℎ𝜃 𝐹𝐺𝐿𝑆  is also consistent estimate of 𝜎𝑒 ,ℎ
2 . The standard 

deviation of the shock factor of household income is calculated as follows: 

𝜎 𝑒 ,ℎ =  𝑋ℎ𝜃 𝐹𝐺𝐿𝑆  (3.8) 

In the third step, 𝜎 𝑒 ,ℎ  is used to transform the log-income equation: 

𝑙𝑛  𝑦ℎ

𝜎 𝑒 ,ℎ
=  

𝑋ℎ

𝜎 𝑒 ,ℎ
 𝛽 +

𝑒ℎ

𝜎 𝑒 ,ℎ
   (3.9) 

The OLS results of this regression gives a consistent and asymptotically efficient 

𝛽 𝐹𝐺𝐿𝑆  of the parameter 𝛽. Finally, we can use these estimators of parameters β and θ to 

estimates the expected value: 

𝐸  𝑙𝑛𝑦ℎ |𝑋ℎ = 𝑋ℎ𝛽 𝐹𝐺𝐿𝑆   (3.10) 

and variance of log per capita income: 

𝑉𝑎𝑟 𝑙𝑛𝑦ℎ |𝑋ℎ = 𝜎 𝑒 ,ℎ
2 = 𝑋ℎ𝜃 𝐹𝐺𝐿𝑆  (3.11) 

By assuming that income is log-normally distributed and using above estimates, the 

possibility that household h will be poor can be estimated as follows: 
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𝑉 ℎ = 𝑃𝑟  𝑙𝑛𝑦ℎ < 𝑙𝑛𝑧 𝑋ℎ = 𝜙 
𝑙𝑛𝑧−𝑋ℎ𝛽 

 𝑋ℎ𝜃 
  (3.12) 

where 𝜙 denotes the cumulative density of the standard normal distribution. 

The value of 𝑉 ℎ  is ranging between 0 and 1. It represents the vulnerability of the 

household h with characteristics 𝑋ℎ . At this stage, one can assume the vulnerability threshold 

in order to analyze vulnerability level. Chaudhuri et al. (2002) suggest two options of 

thresholds as possible focal point. The first option is the observed poverty rate in the 

population. The idea is that because the observed poverty rate represents the mean 

vulnerability level in the population, anyone whose vulnerability level lies above this 

threshold faces a risk of poverty that is greater than the average risk in the population. Hence 

the household can legitimately be included among the vulnerable. The alternative threshold is 

0.5. Because a household whose vulnerability level exceeds 0.5 is more likely to end up poor 

and therefore can be considered to be highly vulnerable. This study uses the second 

vulnerability threshold of 0.5. 

4. Vulnerability assessment results 

 This chapter starts with providing a preliminary descriptive analysis to explore the 

data and the impacts of flooding on household livelihood in the area. Then household 

vulnerability is assessed by using the method introduced in the chapter 3. 

4.1 Descriptive analysis  

4.1.1 Socioeconomic characteristics of the sample households 

 Out of 448 households questioned, 181 households experienced to be flooded, 276 

households were not flooded in the past 5 years. The summary statistics are presented and 

differentiated by the flooded, non-flooded and overall areas.   

 As shown in Table 4.1, the average family size in the whole sample is approximately 

4 people. There is not much difference between the size of flooded and non-flooded 

households. The average age of household‟s heads is 49.5 for flooded households and 46.5 

for non-flooded households. Female headed households account for approximately 36 percent 

in both household types and the overall sample. Most of the household heads are farmers with 

69.6 percent in flooded households, 83.1 percent in non-flooded households and 77.7 percent 
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overall. For flooded households, the per capita income is 712,000 VND per month while the 

non-flooded household enjoys slightly higher level with 736,000 VND per month. Some 

households receive remittances (4.7 percent) or have member working abroad (6.3 percent) 

which may allow them to vary income source and improve living standard. The average 

portions of remittance and member working abroad tend to be higher for flooded households. 

The majority of households in the sample have access to media such as television or radio. 

Besides, 86.8 percent of the sample own permanent housing and have 0.5 bedrooms per 

person on average. Interestingly, a higher number of flooded households have access to 

media and permanent housing than non-flooded households. There is 42.9 percent of the 

sample living in plain area while the same proportions of households (28.6 percent) live in 

mountainous and coastal areas. It is noted that significantly more flooded households live in 

plain area (43.1 percent) and coastal area (30.4 percent) than non-flooded ones (18.7 percent 

and 27.3 percent respectively). In contrast, the non-flooded households inhabiting in 

mountainous area are remarkably higher (53.9 percent) than flooded ones (26.5 percent). This 

result suggests that living in plain and coastal area may have higher the probability of being 

flooded than living in mountainous area. More details can be found in Table 4.1. 

Table 4.1 Socioeconomic statistics of flooded and non-flooded households 

Variables Flooded  

Mean (Std.) 

Non-flooded 

Mean (Std.) 

Overall 

Mean (Std.) 

Household size 4.210 (1.563) 4.191 (1.473) 4.199 (1.509) 

Age of household head 49.492 (14.452) 46.506 (13.589) 47.712 (14.01) 

Gender of household head (0=male, 

1=female) 

0.359 (0.481) 0.367 (0.483) 0.364 (0.482) 

Head‟s occupation is farmer (0,1) 0.696 (0.461) 0.831 (0.375) 0.777 (0.417) 

Head‟s occupation is employee (0,1) 0.055 (0.229) 0.064 (0.244) 0.060 (0.238) 

Head‟s occupation is retired (0,1) 0.061 (0.239) 0.037 (0.190) 0.047 (0.212) 

Head‟s occupation is own business (0,1) 0.088 (0.285) 0.045 (0.207) 0.062 (0.242) 

Education Primary (0,1) 0.254 (0.437) 0.202 (0.402) 0.223 (0.417) 

Education High (0,1) 0.309 (0.463) 0.303 (0.461) 0.306 (0.461) 

Income per capita 0.712 (0.759) 0.736 (0.808) 0.726 (0.788) 

Remittance 0.050 (0.218) 0.045 (0.041) 0.047 (0.212) 

Member abroad 0.094 (0.293) 0.208 (0.199) 0.063 (0.242) 

Access to media (0,1) 0.978 (0.147) 0.962 (0.190) 0.969 (0.174) 

Permanent housing 0.878 (0.328) 0.861 (0.346) 0.868 (0.339) 
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Bedrooms per capita 0.514 (0.377) 0.501 (0.289) 0.506 (0.327) 

Membership of cooperatives 2.950 (2.411) 2.513 (2.327) 2.689 (2.369) 

Mountainous area 0.265 (0.443) 0.539 (0.499) 0.286 (0.452) 

Plain area 0.431 (0.497) 0.187 (0.391) 0.429 (0.495) 

Coastal area 0.304 (0.461) 0.273 (0.447) 0.286 (0.452) 

Source: Author‟s own calculation based on survey data 

4.1.2 Flood severity and impact of flood on the households 

 As mentioned in the section on background information for the study area in the last 

Chapter, several households in Nghe An suffer from flood almost every year. However, the 

vulnerability level and impact of flood do not only depend on whether they are flooded but 

also on how severe the flood is. The severity of flooding is investigated in the survey through 

a series of questions on flood experience in the period of 2006-2011. The questionnaire can 

be found in Appendix. 

 The results show that the average maximum level of inundation for flooded 

households is about 116 cm. The maximum water elevation in the sample reaches 1500 cm 

for one household. On average, the houses are flooded almost 6 days per year. In some cases, 

the inundation durations are even more than one or two months. People questioned think that 

they may need slightly more than 11 days on average in order to recover from the flood.    

Table 4.2 Flood severity for flooded households 

Variable name Variable definition  Mean  Std dev. 

Flood duration Number of days  with house flooded (days per year) 5.989 6.498 

Flood elevation Maximum elevation of water in house (in cm) 116.177 316.176 

Flood recover Number of days to recover from flood 11.372 12.536 

Source: Author‟s own calculation based on survey data 

 Table 4.3 describes the impacts of flood on livelihood of flooded households. In order 

to find the economic consequences of flooding, the households are asked to estimate their 

average annual expenses of flood regarding their property (house and and house contents), 

agriculture production, and health. On an annual basis, people from flooded households have 

to bear 8.5 million VND of damage on their house, 6.6 million VND of damage on their 

agricultural production and 0.35 million VND of medical expenses due to floods. Because 
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their houses are inundated, the economic damage for housing seems to be biggest, followed 

by agricultural damage, while the health damage is not too severe. It is in line with the fact 

that only 4.9 percent of the households report that one member in their family got injured in 

the last five years. However, Reynaud et al. (2013) note that flood expenditure reported by 

households based on a subjective assessment. It may be the case that, when reporting their 

costs, the subjects overestimate their real flood expenses, because they want to receive more 

support from government policy. On the other hand, the households may also underestimate 

the expenses because they are not able to draw a direct connection between expenditures and 

the floods, especially if there are expenditures occurring at a later time. Therefore, flood cost 

variables should be taken with caution. 

 Besides, a large number of respondents (88.4 percent) consider that flood represents a 

significant expenditure in their living. Almost half of the flooded households (47.5 percent) 

used to be evacuated at least once in the past.  

Table 4.3 Impacts of flood on flooded households 

Variable name Variable definition  Mean  Std dev. 

Flood Cost House Average annual cost of flood for house in the last 5 

years (million VND) 

8.513 15.128 

Flood Cost Agri Average annual cost of flood for agriculture in the 

last 5 years (million VND) 

6.575 18.771 

Flood Cost Health Average annual cost of flood for health in the last 5 

years (million VND) 

0.352 1.238 

Flood Cost Total Average annual total cost of flood in the last 5 years 

(million VND) 

 15.441 30.268 

Flood Significant Flood has represented some significant expenditure 

(0, 1) 

0.884 0.321 

Flood Evacuation Household evacuated at least once in the past (0,1) 0.475     0.501 

Injured One household member injured at least once in the 

last 5 years (0,1) 

0.049 0.216 

Source: Author‟s own calculation based on survey data 

 One can see that the flooding incurs remarkable impacts on the livelihood of people in 

term of housing, agriculture and health. Suffering from flood damages can contribute to 

worsen the poverty status of flooded households. In the next section, the paper investigates 

econometrically how floods affect poverty status in the sample area.  
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4.2 Econometric results  

4.2.1 Multivariate regressions of log per capita income 

 The vulnerability assessment starts with running multivariate regression of log per 

capita income for flooded and non-flooded households. The dependent variables are 

household‟s socioeconomic characteristics, including household size, household size squared, 

age of household head, age squared, education, and occupation of household head. Besides, 

some information regarding households‟ resident place and income is also included. The 

choice of dependent variables is made based on similar literature.  

 Household size and household size squared are both significantly affected income of 

non-flooded households but in opposite directions. Meanwhile, the education of the family 

head seems to have significant impact on both households. Having household head with 

higher education can contribute to increase income per capita of non-flooded households. In 

contrast, household heads with primary education level or lower worsen the income per 

capita of flooded households. These are expected results because well-educated head usually 

helps the family to have a better living standard because he or she has higher opportunity to 

have a better job and higher income. Interestingly, the female-head households have positive 

impacts on well-being of the flooded households. The occupation of household head has 

significant impact on the income level of flooded households. Households with own business 

and retired head tend to have higher income than farmer and employee head. Besides, non-

flooded households‟ log per capita incomes are positively related to bedrooms per capita and 

remittances or abroad. This suggests that the non-flooded households are benefiting from 

receiving remittances or having at least one household member abroad. Table 4.4 presents the 

multivariate regression in detail. 
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Table 4.4 Multivariate regressions of log per capita income 

 (1) (2) 

VARIABLES Flooded Households Non-flooded Households 

   

Household size -0.108 -0.482*** 

 (0.173) (0.145) 

Household size squared -0.00404 0.0319** 

 (0.0164) (0.0140) 

Head‟s age squared 0.000347 -0.000337 

 (0.000244) (0.000221) 

Head‟s age -0.0298 0.0301 

 (0.0243) (0.0214) 

High Education -0.0623 0.246** 

 (0.148) (0.108) 

Primary Education -0.349** 0.0203 

 (0.154) (0.126) 

Female Head 0.242* 0.146 

 (0.134) (0.0987) 

Farmer 0.209 -0.220 

 (0.221) (0.319) 

Employee 0.454 0.528 

 (0.332) (0.362) 

Retired 0.941*** 0.433 

 (0.328) (0.399) 

Own Business 0.615** 0.372 

 (0.295) (0.385) 

Bedrooms per capita 0.137 0.372* 

 (0.191) (0.197) 

Remittances Or Abroad 0.197 0.369* 

 (0.203) (0.199) 

Constant 0.0167 -0.104 

 (0.728) (0.647) 

   

Observations 181 267 

R-squared 0.253 0.280 

Note: Dependent variable: Log per capita income; Standard errors in parentheses; 

*=significant at 10 percent, **=at 5 percent, ***=at 1 percent level 

Source: Author‟s own calculation from survey data 

 As mentioned in the methodology part, the vulnerability assessment is conducted by 

using vulnerability as expected poverty approach and applying three-step feasible generalized 

least square method. In order to do so, the multivariate regressions of log per capita income 

first need to be checked in term of econometric violations including multicollinearity, 

heteroskedasticity, model specification and normality assumption.  
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 The multicollinearity assumption is checked via VIF (variance-inflating factor) which 

is measured for each of the explanatory variables in the model. The results for both 

regressions show that VIF indicators of four variables, such as: household size, household 

size squared, age of household age and age squared are larger than 10, while that of all 

remaining variables stays relatively smaller than 10. That means there is multicollinearity 

between household size and size squared, head age and age squared (which can be expected) 

but in a non-linear way.  

 The Ramsey RESET test (Gujarati, 2003) is applied in order to check the presence of 

omitted variable. The test is performed by using powers of the fitted values of log per capita 

income with the null hypothesis is the model has no omitted variables. The test result for 

flooded households shows that the F-statistics is 1.88 with a probability value of 0.1348. 

Similarly, the F-statistics in non-flooded household‟s model is 1.32 with a p-value of 0.2692. 

Both cases indicate that we cannot reject the null hypothesis at 5 percent level of significance 

and the model has no omitted variables. 

 To detect the heteroskedasticity, the Breusch-Pagan test is employed. The null 

hypothesis is that the model has constant variance and the test results reveal the 

heteroskedasticity problem in the regression for non-flooded household. The p-value is 

0.0183 which means that the null hypothesis can be rejected at 5 percent level of significance. 

However, the three-step feasible generalized least squared method accepts some level of 

heteroskedasticity and be able to solve the problem in order to provide efficient estimations.  

 The normality test is an important procedure because the estimation of log per capita 

income is used to make inferences of the vulnerability level. Graphical method is 

conventionally used to detect the normality assumption, for example, normal quantile plot 

and normal probability plot. The normal quantiles plot graphs the quantiles of the variable 

against the quantiles of a normal distribution while the normal probability plot graphs a 

standardized normal probability (P-P) plot. Figure 4.1 and Figure 4.2 illustrates the quantiles 

plots and probability plots of log per capita incomes for flooded and non-flooded households. 

The results show a slight deviation from normal at the tails. However, this seems to be a 

minor and trivial deviation from normality. We may accept that the log per capita incomes of 

flooded and non-flooded groups are close to normal distribution. 
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Figure 4.1 Normal quantiles plots of the log per capita income for flooded and non-

flooded households 

  

Sources: Author‟s own compilation from survey data 

Figure 4.2 Normal probability plots of the log per capita income for flooded and non-

flooded households 

  
Sources: Author‟s own compilation using survey data 

4.2.2 Vulnerability assessment results 

 Processing the procedures discussed in Chapter 3 by using STATA software, the 

probability of a household falling below a given level of wellbeing, i.e. poverty line, is 

estimated for each household in both flooded and non-flooded groups. In fact, there are a 

variety of options for poverty standards based on different measurements. Especially, poverty 

lines for urban and rural areas are usually applied differently. Nevertheless, in order to avoid 

complexity and make the results comparable, the paper uses a common standard which is 

provided by the World Bank and General Statistics Office of Vietnam for all Vietnamese 



 

31 

 

households. The poverty line applied is 653,000 VND per capita per month (equivalent to 

2.26 USD per capita per day) (Badiani et al. , 2013).  

 The results are plotted in Figure 4.3 and Figure 4.4. The x-axis represents the natural 

log per capita income obtained from the survey data, while the y-axis shows the estimated 

vulnerability level of each household. The red horizontal line is the vulnerability threshold of 

0.5 and the red vertical line is the natural logarithm of poverty standard. The lines break the 

graphs into four sections. The households stay in the upper left are poor today and more 

likely to be poor tomorrow. They seem to be the most vulnerable group. The ones in the 

bottom left are living below the poverty standard today, but owning some characteristics that 

allow their vulnerability probability to be less than 50 percent and considered to be less 

vulnerable. Those in the upper right are having income levels above the poverty line, but are 

more likely to be poor in the future. This is the group which needs to be addressed more 

carefully by the government policy. The bottom right is the ones which are not poor today 

and less likely to be poor tomorrow. 

 Comparing between two graphs, it seems that a higher portion of non-flooded 

households enjoy staying under the vulnerability threshold than that of flooded households. 

Especially, the bottom right part of the latter figure is denser which implies that people in 

non-flooded group are having better living and less vulnerable than flooded ones. The 

comparison between two household groups is presented more clearly in the Figure 4.5. 

Figure 4.3 Vulnerability plotted against log per capita income for flooded household

 

Source: Author‟s own compilation using survey data 
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Figure 4.4 Vulnerability plotted against log per capita income for non-flooded 

household 

  

Source: Author‟s own compilation using survey data 

 Figure 4.5 describes the comparison between poverty and vulnerability in flooded and 

non-flooded household groups. The poverty rates in samples are calculated by comparing 

household‟s income per capita to the poverty line. The vulnerability rates are obtained by 

comparing estimated household‟s vulnerability level to the vulnerability threshold of 0.5. The 

first thing can be seen is that the observed poverty rates in both groups are smaller than 

estimated vulnerability rates. This implies that the fraction of households that faces a non-

negligible risk of poverty (and hence, by definition, is taken to be vulnerable) is higher than 

the fraction that is observed to be poor. Secondly, the poverty and vulnerability rates of 

flooded households are larger than those of non-flooded households. 35.33 percent of non-

flooded group are observed to be poor while 40.33 percent of flooded group are living under 

the poverty threshold. This can be explained by the fact that wealthier families may have 

more flexibility in choosing their house location which allows them not to be flooded. The 

difference between the vulnerability rate and the poverty rate in non-flooded group is 

approximately 6 percent. Meanwhile, in flooded group, the vulnerability rate is about 14 

percent higher than poverty rate which is significantly greater. More flooded households are 

poor, and far more of them are vulnerable. Thus, being affected by floods may make 

households more likely to be poor in the future.  
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Figure 4.5 Comparison of vulnerability and poverty in both household groups 

 
Source: Author‟s own compilation based on survey data 

 The results show that flooded households seems to be more vulnerable than non-

flooded households. One can give the explanation that the negative impacts of flooding on 

livelihood of flooded households cause loss of their welfare below the poverty line. In order 

to see if being flooded has significant effect on the predicted incomes and thus the 

vulnerability level, Rayhan (2008) suggests that the estimated per capita income should be 

regressed on the flood status. First, estimated incomes of both flooded and non-flooded 

households are merged into a new variable. Then the new variable of estimated per log capita 

income is regressed on the dummy variable of whether house used to be flooded or not. The 

following equation describes the single regression model with the dependent variable 

predicted log of income and D as flood status variable: 

𝑙𝑛𝑦ℎ = 𝛾0 + 𝛾1𝐷ℎ + 𝑒ℎ  

 Table 4.5 depicts the result of this regression. The statistical test indicates that house 

being flooded has significantly negative effect on the household‟s predicted income and thus, 

vulnerability level at the significant level of 1 percent.  
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Table 4.5 Regression of predicted log per capita income on flood status 

  

VARIABLES Predicted log per capita income  

  

House flooded  -0.147*** 

 (0.0451) 

Constant 6.241*** 

 (0.0287) 

  

Observations 448 

R-squared 0.023 

Note: Standard errors in parentheses; *=significant at 10 percent, **=at 5 percent, ***=at 1 

percent level 

 Source: Author‟s own compilation based on survey data 

5. Conclusions 

5.1 Synthesis of the results  

 Households living in flood prone areas are undeniably bearing negative impacts of 

flooding. Based on a household survey in the Vietnamese province of Nghe An, this study 

has conducted an assessment of household vulnerability to flood risk by using vulnerability 

as expected poverty approach. 

 The research has introduced different approaches of the vulnerability concept and a 

variety of methodologies in order to find an appropriate method to investigate the 

vulnerability to floods of households living in the area. Vulnerability as expected poverty 

suggested by Chadhuri et al. (2002) has been employed because it allowed the study to 

analyze the relationship between vulnerability and poverty by using cross-sectional data from 

a household survey.  

 By investigating the survey data, the study has found that flooding caused several 

economic damages to flooded households including housing cost, agricultural production cost 

and medical expenses. Housing damages seems to make the largest cost, followed by 

agricultural production costs, while health damages stay as the smallest share. Most of the 

respondents also stated that floods were accounting for significant expenditures in their 

living.  

 The vulnerability assessment has revealed the fact that the portion of households 

being vulnerable and becoming poor in the future is higher than the portion being observed to 

be poor at present. This holds for both flooded and non-flooded groups. Besides, a larger 
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number of flooded households were observed to be poorer and also assessed to be more 

vulnerable than non-flooded households due to the negative impacts of floods. 54.70 percent 

of flooded households faced the risk of poverty while 42.35 percent of non-flooded 

household were estimated to be more likely to become poor in the future. 

 This study contributes to the research on vulnerability to environmental risk in general 

and flood risk in particular in developing countries. It also provides useful information for 

policymakers when making decision regarding flood mitigation measures and poverty 

reductions policies. The consideration of both vulnerability to flood and poverty aspects may 

allow policymakers to provide more appropriate decisions to support vulnerable people. 

5.2 Limitations and future research 

  The study uses vulnerability as expected poverty approach suggested by Chadhuri et 

al. (2002) to conduct the vulnerability assessment of households in Nghe An. Three-step 

feasible generalized least squares are employed to obtain the estimations of vulnerability 

probabilities. The empirical outcomes suggest that floods have downside effects on the 

welfare of exposed households and make them more vulnerable than non-flooded households. 

This is so far the expected result.  

 Nevertheless, the use of vulnerability as expected poverty approach and the three-step 

feasible generalized least squares requires strong assumptions partly due to the application of 

cross-sectional data. First, the variability of income across households is assumed to mirror 

the inter-temporal variability. That means there is no correlation between observed shocks 

and unobservable household characteristics captured in the disturbance term. Besides, the 

disturbance terms need to be identically and independently distributed over time for each 

household. In addition, the structure of the economy, captured by the coefficient in the model 

of log per capita income regressed on household characteristics, is assumed to be relatively 

stable over time. Using longitudinal data can overcome these disadvantages; however, it is 

not easy to obtain such type of data. Chadhuri et al. (2002) also proves that applying the 

vulnerability as expected poverty approach by using cross-sectional data provides some 

valuable information about the future. 

 On the other hand, the result of the model indicates that flooded households tend to be 

more vulnerable than non-flooded households due to the consequences of flooding. However, 

the applied methodology does not reveal the sources of vulnerability. Differences in 
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socioeconomic characteristics of each household decide on how vulnerable the household is 

to flood risk. The investigation of sources of vulnerability also provides useful information to 

policymakers in order to make decisions regarding mitigation of downside effects of flooding 

as well as poverty reduction. Therefore, further studies need to be carried out on this aspect. 
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