
–1– 
 

Which household characteristics help 
mitigate the effects of extreme weather 
events? Evidence from the 1998 floods 

in Bangladesh 
 

 

 
Tanvir Ahmed Uddin 

 
 
 
 

Bachelor of Arts (Development Studies and Economics)/Bachelor of Laws 
 
 
 
 

Supervisor: Chris Bidner 
The University of New South Wales 

 
 
 
 

6 June, 2011 
 
 
 

A thesis submitted in partial fulfilment of the requirements of the degree of 
Bachelor of Arts in the Faculty of Arts and Social Sciences with Honours in 
Economics in the School of Economics, Australian School of Business, The 
University of New South Wales, Australia. 
 
 
 

© Tanvir Ahmed Uddin 2011 
 



–2– 
 

 

 

 

 

 

 

 

You are a farmer whose family has been growing rice for 300 years, and has 

been trying to stay competitive. The local agricultural expert has just informed 

you climatic conditions will soon lower your rice production. 

  (Asian Development Bank, 2007: 9) 
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ABSTRACT 

 

Climate change is predicted to increase the frequency and intensity of natural disasters. 

Bangladesh is a particularly vulnerable country due to its geography, topography, poverty and 

low adaptive capacity. This paper focused on the ability for household characteristics to mitigate 

the adverse effects of natural shocks. Using a panel dataset from the International Food Policy 

Research Institute (IFPRI), the econometric methodology involved analysis of several ordinary 

least squares (OLS) models. This approach helped identify the effects of the floods and to assess 

which characteristics determined household welfare outcomes. Moreover, the returns to the 

characteristics were distinguished using interaction terms between flood-exposed and non-

exposed households. The floods had significant adverse effects on household welfare. The 

results were shown to be unbiased when additional household characteristics were controlled. 

Livestock assets were found to consistently mitigate the effects of floods across all the rounds. 

Additionally, female education was a strong determinant of household welfare for both calorie 

and protein consumption measures. Otherwise, robustness checks on protein consumption did 

not provide conclusive support for the main findings of the calorie consumption models. 

Borrowing loans or purchasing food on credit were temporary measures and their associated 

benefits were limited to only Round 1. Loans were most significant in reducing the response 

probability of households being extremely food insecure or food poor. Extension the framework 

to the household head’s employment and children’s schooling did not reveal conclusive results 

and further testing may be required. Based on these results several policy implications were 

identified relating to extending credit on flexible arrangements, encouraging use of female 

education in labour markets and supporting the accumulation of livestock assets. Areas for 

further research on adaptation strategies and public policy were also noted.  
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CHAPTER 1: INTRODUCTION 

 
Global climate change (GCC) is one of the most significant challenges facing the world today. 

GCC refers to the long-term change in the statistical distribution of weather patterns over 

periods of time that range from decades to millions of years (IPCC, 2007).1 It relates to the 

change in average weather conditions such as temperature, precipitation and wind as well as a 

change in the distribution of events such as more or fewer extreme weather events (EWE). The 

worldwide impacts of climate change are increasingly evident through the extensive record of 

devastating natural records in the past few decades. There is now a global consensus that 

climate change poses a serious threat to the social and economic well-being of people in both 

developed and developing countries (World Bank, 2010).2  GCC is predicted to increase the 

intensity and frequency of natural disasters, which will result in significant economic and social 

ramifications globally. For underdeveloped countries that already face considerable economic 

and social challenges, climate change will further compound their ability to develop (Mirza, 

2003). Specifically, the most threatened societies are those that engage in a mixture of 

subsistence farming and agricultural production for domestic use.  

 

Thesis research topic 

This thesis examines the role of household characteristics in mitigating the effects of the 2998 

floods on household welfare. Bangladesh presents an insightful case study of a country that has 

multiple vulnerabilities to long-term climate change and associated natural disasters due to its 

geography, topography and poverty. Bangladesh regularly experiences flooding, storm surges 

and cyclonic activity. This is due to its location on the curvature of the Bay of Bengal, the 

confluence of three large rivers and its low-lying landmass. Due to a large population, millions of 

the rural poor are driven to live on marginal lands that are directly affected by rising sea levels, 

flood waters and storm surges.  

 

The case of severe flooding is studied because this is the most recurrent and widespread type of 

natural disaster in Bangladesh. Whilst long-term climatic change is difficult to study, the onset of 

                                                        
1
 The classical length of time is considered to be 30 years by the World Meteorological Organisation 

(WMO). 
2
 Unless specified otherwise, the World Bank classifications are based on the World Bank Atlas 

Method which groups countries as: low income, $995 or less, lower middle income, $3,945 - $12,195, 
and high income, $12 196 or more (see World Bank, 2011 and 
http://data.worldbank.org/about/country-classifications) 

http://data.worldbank.org/about/country-classifications
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natural disasters provides useful insights into such phenomena. In the 1998 floods, households 

were affected in two ways. Households incurred substantial damage to crops and assets as a 

direct result of floodwaters and were also indirectly affected by higher prices and lower wages. 

Subsequently, households experienced lower calorie consumption and income and the general 

nutrition of adults and children declined greatly (see Del Ninno et al., 2001).  

 

Defining household welfare and characteristics 

It must be noted that there is considerable disagreement about the most appropriate measure 

of household welfare. Nonetheless, this thesis will consider household welfare as the measure 

of household calorie consumption because, for developing countries, this is the most significant 

need for households (Anand and Harris, 1994). Calorie consumption is also appropriate in the 

context of the 1998 floods because preventing famine and ensuring food security are the main 

concerns of the domestic and international community.  Moreover, in this thesis, a framework 

to study how various characteristics determine the calorie outcomes for households will be 

developed. Future research can utilise the framework presented in this thesis to extend the 

analysis to other comprehensive and appropriate measures of household welfare. In this thesis, 

household welfare is measured in terms of calorie consumption on an adult-equivalent basis.  

 

Household characteristics are defined broadly to include endowments such as human, financial 

and physical capital assets as well as coping strategies.  Whilst endowments are features of 

households that exist before the flood, coping strategies encompass responses to the disaster. 

Specifically, the characteristics that are considered include possession of certain assets such as 

landholding, consumer assets and livestock, household head education and total female 

education, age, borrowing and food credit purchases.3 In this thesis, mitigating the effects of a 

natural shock’ is defined as either prevention of harm to household welfare (such as via 

investments in human capital) or the maintenance of household consumption (such as 

borrowing).  

 

Methodology and Aims 

This thesis investigates empirically the characteristics that assist households to maintain welfare 

during EWE. A panel dataset developed by the International Food Policy Research Institute 

                                                        
3
 This takes on a broader definition to the category of household characteristics by the United Nations 

(see United Nations, 2004). 
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(IFPRI) will be utilised. The analysis will be gradually developed through a series of ordinary least 

squares (OLS) regressions of the effects of flood exposure and the determinants of calorie 

consumption. In the full interaction model (Model 3), the flood exposure will be interacted with 

household characteristics to assess whether the latter mitigate or exacerbate the effects of 

floods. Robustness checks will be undertaken using household protein consumption which is a 

proxy for nutritional well-being. Extensions to the head’s employment and child schooling 

attendance are also considered. 

 

Other than as a study of the adaptive capacity of households (i.e. their ability to protect, to alter 

habits and overcome climatic stimuli),  this thesis can identify how household characteristics 

compare to the role of role of public policy measures, markets and institutions in mitigating 

flood effects. In recent years, numerous researchers have examined the effects of natural 

disasters and investigated the role of institutions and coping strategies with specific regard to 

the 1998 floods (see Del Ninno et al. 2001, 2003; Khandker, 2007; Quisumbing and Mueller, 

2010). Khandker (2007) has also claimed that up to 50% of households managed to mitigate the 

effects of the flood in 1998. However, there appears to be no research that studies the 

relationship between household characteristics and mitigation of a natural shock. The research 

that follows undertakes a new approach in two main ways. Firstly, the research investigates 

whether the effects of household characteristics vary between exposed and non-exposed 

households. Secondly, this thesis assesses whether household characteristics can positively 

affect welfare outcomes after controlling for the adverse effects of floods.   

 

It is anticipated that a study of the mitigating effects of these characteristics can inform policy 

directions amongst governments, donor agencies and NGOs. These organisations can then tailor 

their adaptation strategies according to the beneficial characteristics that households possess. 

Better targeting can also be achieved by directing post-flood emergency programs according to 

an understanding of how households recover - which could depend on the level of exposure and 

household characteristics. 

 

Results and findings 

Across the models used for study, the results show that the floods had a significant impact on 

household welfare. Particularly, village-level flood effects had more significant negative effects 

on household welfare than household-level flood exposure. Many determinants of calorie 
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consumption were identified including asset variables, female education, food credit purchases 

and loans. However, their effects varied across rounds. When interaction terms were 

introduced, livestock assets were found to directly mitigate the effects of the floods in all 

rounds. The results for other characteristics showed that even if certain characteristics were 

beneficial, exposed households experienced less benefit than non-exposed households. The 

floods did not have any significant impacts on protein consumption. However, the determinants 

of calorie consumption were found to be robust when protein consumption was tested. Just as 

for calorie consumption, the interaction term on female education was significant in the case of 

protein consumption. Extending the models to other measures showed that the village-level 

effects had adverse effects on food security and poverty. Food credit and loans were found to 

most beneficial in mitigating flood effects for the most severe measures of food insecurity and 

poverty. Whilst the floods had negative effects on employment, the results on household 

characteristics were less conclusive.  

 

Thesis Structure 

The thesis is structured as follows. Chapter 2 presents background information on the topic 

focus areas including climate change and impacts, natural disasters, future threats to 

Bangladesh and the 1998 floods and Chapter 3 conducts a review of related literature on 

climate change adaptation, natural disasters and coping strategies, the 1998 Bangladesh floods 

and the study of household characteristics. Chapter 4 describes the data and variables that are 

used in the research and explains the conceptual framework and empirical methodology. 

Chapter 5 develops the analysis across three models and provides discussion of the results. 

Chapter 6 performs robustness checks on protein consumption and chapter 7 extends the 

econometric framework to other outcome variables. Chapter 8 presents the thesis conclusions 

and suggests further research areas. 
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CHAPTER 2: BACKGROUND 

 

This chapter provides background information on some of the related content for this thesis. It 

aims to establish the context and motivation for the study as well as to highlight some of the 

relevant issues for Bangladesh. Section 2.1 provides a background to global climate change 

(GCC) and natural disasters. Section 2.2 focuses on Bangladesh’s vulnerability to long-term 

changes in climate and the onset of severe natural disasters. Finally, Section 2.3 examines the 

1998 floods and its effects in Bangladesh.  

 

2.1: Climatic Change and Natural Disasters 

According to the IPCC (2007) there have been large shifts in long-term temperatures, rainfall 

averages, sea levels as well as the frequency and intensity of droughts and floods. Changes in 

climate are expected to result in the greater intensity and frequency of EWE and natural 

disasters (Mirza, 2003). Scientific evidence indicates that increased sea surface temperature will 

subsequently intensify cyclone activity and heighten storm surges (Dasgupta et al., 2010). 4  

Subsequently, storm surges can create damaging flood conditions in coastal zones and adjoining 

low-lying areas. 5 The International Workshop on Tropical Cyclones (IWTC) has noted that the 

vulnerability to flooding from tropical cyclones would increase if global warming causes a 

projected rise in sea levels (IWTC, 2006). According to Nicholls (2003), in the past 200 years, 2.6 

million people may have drowned during storm surge events. The destruction caused by 

Tropical cyclone Sidr6 in Bangladesh (November 2007) and cyclone Nargis7 in the Irrawady Delta 

of Myanmar (May 2008) provide recent examples of devastating storm-surge impacts in 

developing countries. Additionally, the intensity and frequency of extreme precipitation events 

are likely to increase resulting in more numerous floods and mudslides (IPCC, 2007). A recent 

example of this phenomenon was the devastating flooding of Pakistan in 2010.  

 

                                                        
4
 A sea-temperature of 28

o
C is considered an important threshold for the development of major 

hurricanes of categories 3, 4 and 5 (Michaels, Knappenberger, and Davis 2005: Knutson and Tuleya, 
2004; cited in Dasgupta et al., 2010).  
5
 Storm surge refers to the temporary increase, at a particular locality, in the height of the sea due to 

extreme meteorological conditions: low atmospheric pressure and/or strong winds (IPCC AR4, 2007) 
cited in Dasgupta et al. (2010). 
6
 According to Bangladesh Disaster Management Information Centre (report dated Nov 26, 2007) 3, 

243 people were reported to have died and the livelihoods of 7 million people were affected by Sidr. 
7
 In Myanmar, 100 000 people were reported to have died and the livelihoods of 1.5 million people 

were affected by Cyclone Nargis. 
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Uneven global impacts  

Long-term changes in climate and associated natural disasters are predicted to have an uneven 

impact in the world. Developing countries will be the most vulnerable to climate phenomena. 

Particularly, the agricultural and rural communities within the developing world stand to face 

the greatest impacts of GCC due to numerous vulnerabilities. These include: geographical 

location, greater exposure of the population, infrastructure, economic and social conditions, 

natural resources, political and institutional deficiencies and equity in terms of resource 

distribution, gender and coping and adaptive capacity (Mirza, 2003). It may be argued that 

changes in crops, infrastructure designs and many aspects of society can greatly increase 

resilience to adverse weather, as well as increase the benefits of climate change. However, 

developed countries have a greater adaptive capacity than developing countries due to 

advantages in expertise, technology, institutional capacity and wealth (Hassan, 2010). Ironically, 

the regions that have contributed least to rising greenhouse gases will suffer the greatest 

consequences. 

 

The onset of more natural disasters can also result in significant economic costs for poor 

countries in terms of direct damage and hindered future development. It has been estimated 

that on an annual basis, developing countries absorb US $35b in damages from natural disasters 

(Freeman, 2001a as cited in Mirza, 2003). When measured on a per capita gross domestic 

product (GDP) basis, this is 20 times the cost in the developed world. Global circulation models 

have also predicted an increased risk of hunger (Butt et al., 2005; cited in Mertz et al., 2009). 

Whilst the precise economic costs may be higher for developed countries at the onset of 

disasters, they have greater resources to overcome the shocks and their economies are not as 

directly reliant on the environment. For instance, due to GCC, farm revenues, which make up 

the major source of income for the rural poor around the world, are expected to fall 

(Kurukulasuriya et al., 2006; cited in Dasgupta et al., 2006). Additionally, natural disasters can 

create a severe debt-burden problem for both individual households and the entire economy. 

This often arises through the destruction of major infrastructure such as roads and bridges as 

well as the urgent need to provide basic survival needs. Hence, compared to developed nations, 

the lack of resources and existing vulnerability will add to the direct challenges that climate 

change already poses to development in poor countries.  
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2.2: Bangladesh and Extreme Weather Events 

Bangladesh is the seventh-most populous country (162 million, 2009) and is located in South 

Asia. If small micro-states are excluded, Bangladesh is the world’s most densely populated 

country with nearly 1229 people per square kilometre (2009). Bangladesh is one of the poorest 

countries in the world with a GDP per capita of only $590 USD (2009) and is classified as a low-

income country (World Bank, 2011). However, per-capita (inflation-adjusted) GDP has more 

than doubled since 1975, and the poverty rate has fallen by 20% since the early 1990s – it was 

40% in 2010 (CIA World Factbook, 2011). Although more than half of the nation’s GDP is 

generated through the services sector, a disproportionately greater number of workers are 

employed in the agricultural sector (45%) and the main agricultural output is rice.  

 

As with many of the poorest developing countries, Bangladesh is simultaneously extremely 

vulnerable to GCC and EWE and has a very low adaptive capacity. There is much evidence to 

suggest that there will be a significant degree of climatic variation in South Asia. For Bangladesh, 

climate models estimate that temperatures will be 1.3oC and 2.6oC higher by 2030 and 2070 

respectively. Climatic models also estimate that increased precipitation during the monsoon 

season will cross into Bangladesh from surrounding borders (Agrawala et al., 2003). Already the 

volume generated from existing monsoonal precipitation exceeds the capacity of Bangladesh’s 

river drainage channels. This makes Bangladesh one of the most flood-vulnerable countries in 

the world.  

 

Geography, topography and natural disasters 

Bangladesh is one of the most vulnerable countries to GCC due to its specific geography and 

hydrological systems. Bangladesh is an extremely low-lying country where almost 60% of the 

land is 6m or less above sea level. 

 

Figure 1 below highlights the low-lying nature of Bangladesh’s landmass. Both the coastal areas 

on the Bay of Bengal and lands surrounding the major arterial rivers are less than 10 metres 

above sea level. Much of Bangladesh’s population is extremely vulnerable to storm surges and 

flooding because they live in some of the most-densely populated areas located on low-lying 

land.  

Ali (1999; cited in Dasgupta et al., 2010) explains that storm surges have a disproportionally 

large impact on Bangladesh for several reasons:  
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 phenomenon of re-curvature of tropical cyclones in the Bay of Bengal 

 shallow continental shelf8 

 high tidal range, 

 triangular shape at the head of the Bay of Bengal 

 high density of population in the low coastal zone9 and a fractured coastal protection 

system10 (Ali, 1999; cited in Dasgupta et al., 2010) 

 

Bangladesh is on the receiving end of about 40% of the impact of total storm surges in the world 

(Murty and El Sabh, 1992). Also, The United Nations Development Programme has identified 

Bangladesh as the most vulnerable country in the world to tropical cyclones (UNDP, 2004). 

Where, tropical cyclones are the main cause of storm surges, increased tropical cyclones in the 

Bay of Bengal can also lead to more intense and frequent flooding events. Cyclones Sidr, Nargis 

and Aila in Bangladesh are recent examples of severe cyclones that have induced major storm-

surge related flooding in coastal areas.  

 

 

 

 

 

 

 

 

 

 

                                                        
8
 The coast line of Bangladesh is characterised by a wide continental shelf, especially off the eastern 

part of Bangladesh. This wide shelf amplifies the storm surges as the tangential seal-level wind stress 
field associated with the tropical cyclone pushes the sea water from the deep water side onto the 
shelf. Being pushed from the south by wind stress, the water has no place to go but upwards; which is 
the storm surge (Dasgupta et al., 2010). 
9
 In 2003, the costal population was 35 million and for 2050, the baseline estimates (without a climate 

change scenario) is that the coastal population will grow to 57.72 million (BBS, The State of the Coast 
Report, cited in Dasgupta et al., 2010). 
10

 The extent of coastal protection in Bangladesh is that in the early sixties and seventies, 123 polders 
were constructed to protect low lying coastal areas against tidal flood and salinity intrusion. However, 
only 49 are sea facing. The Bangladesh Water Development Board (BWDB) maintains an extensive 
database of coastal polders, and it includes information on length, location, construction year and cost 
for each polder. 
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2.3: The 1998 Bangladesh Floods and Impacts 

The 1998 floods that swept through Bangladesh in late summer were dubbed the ‘flood of the 

century’ because of its prolonged duration and the depth of water. At its peak in early 

September, the flood had covered two-thirds of Bangladesh. This caused severe damage to the 

aman monsoon rice crop, which was due to be harvested in November/December. 11 

Consequently, the total rice production losses exceeded 2.2 million tons which was equivalent 

to about 10% of the annual rice consumption in Bangladesh (Del Ninno et al., 2001). The 

situation threatened the food security of tens of millions of households. The unusually long 

duration of the flood forestalled any possibility of re-planting rice seedlings which were 

destroyed in the standing water. The unusually high floodwaters resulted in substantial crop 

losses: 69% of aus production, 82% of deep water aman and 91% of transplanted aman (Del 

Ninno et al., 2001). Due to the losses of 24% of the total value of anticipated agriculture 

production, the prolonged adverse effects of the flood proceeded long after the floodwaters 

had receded.   

                                                        
11

 The three crops of rice that are cultivated in Bangladesh are: aman, typically transplanted during 
the monsoons in June-July and harvested in November-December; boro, transplanted in December-
January and harvested in May-June; and aus, often directly sown in March-April and harvested in 
April-August.  

Source:  http://priceofoil.org/wp-content/uploads/2008/04/bangladesh_sea_level_risks.png 

Figure 1: Map of low-lying areas in Bangladesh 
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Mechanisms of flood impacts 

The 1998 floods impacted on people’s lives through numerous short-term and long-term 

mechanisms.12 The floods caused major losses to domestic production and household assets. 

Consequently, the food prices rose and the demand for labour fell, lowering household incomes 

and ultimately household consumption. Even with price-stabilising imports and government 

stocks, food prices rose and labour demand fell. However, the prices fell less than they would 

have otherwise without imports from India and government stocks (Del Ninno et al., 2001). 

 

Scale of disaster in Bangladesh’s history 

There were at least four major floods in the 20th century that affected over one third of the 

country – in 1955, 1974, 1987 and 1988. The most severe flood occurred during the 1974 flood 

when more than 2, 000 people died from the flood alone, and the famine that followed the 

flood claimed more than 30, 000 lives (Khandker, 2007). Comparative to previous disasters, the 

1998 floods were particularly serious in terms of the economic costs to various sectors of the 

economy including crop, livestock, poultry and fisheries. Much rural infrastructure such as roads 

and bridges were also badly damaged. According to one estimate, the direct damage within the 

first three months, amounted to almost 9% of the country’s GDP (Nayar and Faisal, 1999; cited 

in Khandker, 2007).  

 

However, despite severe disruptions to the rural and national economy, the post-flood 

assessment suggested that there were no major humanitarian catastrophes and the recovery 

was spectacular in some areas (Khandker, 2007). Generally, the people fared better in 1998 

compared to 1988 with no resulting mass migration or famine (Kiene, 2004).  

A number of recovery measures from the government, donors (such as World Bank) and NGOs 

also helped prevent a severe food crisis.  

 
 
 
 
 
 
 

                                                        
12

 Del Ninno et al. (2001) summarised these mechanisms into a diagram which is reproduced in 
Appendix 1. 
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CHAPTER 3: LITERATURE REVIEW 

 

This chapter is divided into three sections. Part A discusses the related literature on natural 

disasters and coping and adaptation responses. Part B discusses the existing evidence on the 

effects of the 1998 floods in Bangladesh and how households coped with the disaster. Following 

that, Part C explains the connections between this thesis and the related literature in Parts A 

and B and identifies some of the departure points in this study.  

 

3.1: Natural Disasters and Coping and Adaptation Strategies 

The development and implementation of suitable protective strategies are increasingly 

important due to expected increases in the frequency and severity of natural disasters. There 

are two principal protective responses to GCC: mitigation and adaptation. Mitigation refers to 

human intervention to reduce the sources or enhance the sinks of greenhouse gases (GHG). 

Meanwhile, adaptation is the adjustment in natural or human systems in response to actual or 

expected climatic changes or their effects (IPCC, 2007).13 The IPCC also distinguishes between 

the types of adaptation as follows: anticipatory versus reactive, private versus public and 

autonomous versus planned.14  

 

Whilst, intuitively, adaptation affects the costs and benefits of mitigation – this has so far been 

neglected in policymaking. For instance the Kyoto Protocol is almost solely concerned with 

mitigation and provides only a limited framework for adaptation.15 Comparatively, the United 

Nations Framework Convention on Climate Change (UNFCCC) places adaptation as its central 

focus. Much of the earliest international efforts to address GCC have focused on preventive 

action to limit greenhouse gases rather than adaptation (Kates, 2000). Furthermore, in order to 

ascertain a full assessment of the consequences of GCC for human well-being, there needs to be 

                                                        
13

 This thesis considers the following terms to be synonymous: human responses, coping actions, 
adjustments and adaptations. Nonetheless, for the purposes of this paper, these terms are 
considered to be synonymous and as per the IPCC‟s (2007) usage, the term „adaptation‟ will be used. 
14

Anticipatory adaptation is adaptation that takes place before impacts of GCC are observed. 
Autonomous adaptation is adaptation that does not constitute a conscious response to climatic stimuli 
but is triggered by ecological changes in natural systems and by market or welfare changes in human 
systems. Planned adaptation is adaptation that is the result of a deliberate policy decision, based on 
an awareness that conditions have changed or are about to change and that action is required to 
return to, maintain, or achieve a desired state. 
15

 Adaptation is addressed in the Kyoto Protocol through the “adaptation fund”, which will support 
adaptation activities in the most vulnerable developing countries.  
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a thorough evaluation of the manner in which society is likely to respond through coping 

strategies and, in the long-term, adaptation.  

 

The Poor and Natural Disasters 

The global poor will face the full brunt of GCC due to a combination of severe vulnerability and 

low adaptive capacities. Their low adaptive capacity is due to limited technology, poor access to 

capital, infrastructure and markets, high poverty and deep social and political chaos (Hassan, 

2010). Additionally many poor communities in developing countries cannot adopt alternative 

economic activities due to the generational embeddedness of such activities in their lifestyles. 

For instance in Africa, agriculture continues to contribute an average of 15% of gross domestic 

product (GDP) in 2006 and particularly, in countries such as Chad and Ethiopia, this may reach 

up to 50% of GDP (World Bank, 2008).  

 

The effects of natural disasters can be especially persistent for the poorest members in 

developing countries. This problem becomes more serious when recurrent and severe natural 

disasters result in loss of both income and assets. Various theoretical papers have examined 

these dynamic consequences. Using a non-equilibrium dynamic model, Hallegatte et al. (2007) 

and Hallegatte and Dumas (2009) showed that short-term constraints during recovery from EWE 

induce poverty traps and result in a reduction in long-term macro-economic growth rates. 

Zimmerman and Carter (2003) demonstrated how these consequences can result at the micro-

level. Specifically, in high-risk situations and with subsistence constraints, poorer agents invest 

more heavily in low-risk, low-return assets than wealthier households. Chetty and Looney (2005) 

found that in some instances households began planting lower-risk but lower-yielding crops. 

Also, households that are at the subsistence level of consumption and are risk-averse may be 

forced to cut back on other expenditures such as children’s education. This comes at a 

considerable cost to disposable income and opportunities to accumulate assets. Thus, other 

than direct physical destruction to assets, natural disasters can induce poverty traps where 

households resort to desperate, but harmful self-preservation strategies. 

 

Empirical Evidence of Household coping strategies 

Despite the low capacity of most communities in developing countries to adapt to climate 

change and natural hazards, they have however, survived and coped in various ways over time. 
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For instance, households have been found to draw down assets to smooth consumption.16 

Drawing on the theoretical propositions by Zimmerman and Carter (2003), Hoddinott (2006) 

showed that in Zimbabwe, different households respond differently to income shocks 

depending on the level of their asset holdings such as the number of types of livestock. Credit 

programs and borrowing have been found to be used by households to smooth consumption 

over periods following an external shock (Zeller and Sharma, 2000). This was also a popular 

coping strategy after the 1998 floods in Bangladesh (Del Ninno et al., 2003). However, the 

impact of financial services on welfare is likely to vary. For instance, Sharma and Shrieder (1998) 

found that without access to complementary inputs to farming activities such as irrigation, 

education, market and social services, financial services were futile.  

 

There is also evidence that households utilise insurance programs and social capital to 

overcome natural shocks. Innovative financial and insurance products allow smallholder farmers 

to hedge against agricultural risks, such as adverse weather conditions, disease and commodity 

price fluctuations (Giné et al., 2007). Townsend’s seminal paper on insurance in village India 

(1994) showed that underprivileged households insure to smooth consumption. Chetty and 

Looney (2005) also suggest that provision of social insurance could raise welfare by reducing 

inefficient behaviours ex-ante and ex-post. Despite the plethora of coping strategies, 

households will use certain responses depending on the nature of the disaster, the existing 

endowments and other social and cultural factors in each country (Skoufias, 2003a).  

 

Household responses vary according to the socio-economic and institutional constraints that 

exist in any society. Although various coping strategies have been identified, there can be 

instances when these are not effective. This can result in situations whether households move in 

and out of poverty. Drawing on extensive literature on poverty dynamics, Hoddinott (2006) 

provides a myriad reasons why, in some cases, the poor are unable to smooth their 

consumption over the long-term: (1) they lack assets that can be used to smooth out of the 

consequences of these income shocks (Alderman and Paxson, 1992); (2) the price of the assets 

they hold plummets because, following an income shock, everyone tries to sell assets at the 

same time (Fafchamps and Gavian, 1997); (3) the localities in which they live are characterised 

by incomplete financial markets for credit and/or insurance (Udry, 1994); (4) private 

                                                        
16

 It must be noted that „consumption smoothing‟ is too broad a phase as not all household members‟ 
consumption is smoothed. For example women‟s Body Mass Index (BMI) fell but not men‟s in the 
aftermath of the 1994-95 drought in Zimbabwe. 
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mechanisms such as gift exchange or remittances are insufficient to mitigate the income shock 

(Morduch, 1999); and (5) public mechanisms such as cash, food transfers or public works 

schemes are insufficient to mitigate the income shock. 

 

Across different developing countries, part of the cost of adaptation will be absorbed by 

households and part by the public sector (Blankespoor et al., 2010). Thus, policymaking needs to 

consider not only the impacts of climate change for the poor, but also how they are attempting 

to cope presently and how their coping strategies tie in with other socio-economic and 

institutional constraints and influences. Also, the nature of adaptation and coping strategies 

need to be examined dynamically because even if households are evidently smoothing 

consumption in the short-term, there may be disastrous long-term consequences for poverty 

and vulnerability. Through a better micro-level understanding, more effective policies can be 

designed to assist the most vulnerable to overcome the effects of climate change and associated 

natural disasters.  

 

Incentives and Public Policy 

A better understanding of how communities have coped and survived is also essential for 

designing incentives to enhance effective adaptation responses. One way that incentives can be 

shaped is through appropriate public policy, investment and collective actions to increase the 

adoption of suitable adaptation measures. Many studies have shown the importance of 

government policies and investment plans in mitigating the effects of adverse climate change. 

For instance, in Africa, government policies and strategic investment plans were found to be 

important inputs into developing effective adaptation strategies (Hassan and Nhemachena 

(2008).  

 

In their study of the 1998 Bangladesh floods, Del Ninno et al. (2003) also concluded that private 

markets and appropriate government investments and policies had played a crucial role in 

preventing a possible famine crisis. This was achieved when public policy assisted in maintaining 

food availability, helped limit price increases and supplemented household access to food 

through government stocks. There is much that government policies and strategic investment 

plans can do to support households including: improved access to climate forecasting, research 

into the development of and information about appropriate farm-level climate adaptation 

technologies, access to credit, farmer education and market development. Thus, it must be 
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acknowledged that effective adaptation cannot be achieved at the household-level alone. 

Rather effective programs require public policy to work in conjunction with household 

responses.   

 

Development and Adaptation 

Effective strategies to combat climate change are inextricably linked to a country’s 

development. Not only are developing countries more vulnerable, but it is those that are least 

able to cope that are hit the hardest. 85% of people exposed to earthquakes, tropical cyclones, 

floods and droughts live in countries with either medium or low levels of development (UNDP, 

2008). Poorer countries are less able to withstand the natural disasters than richer countries. 

They face much larger shocks to their economies after a disaster of a similar relative magnitude 

(Noy, 2009). He finds  finds that countries with a higher literacy rate, better institutions, higher 

per capita income, higher degree of openness to trade, and higher levels of government 

spending are better able to withstand the initial disaster shock and prevent further spill-overs 

into the macro-economy (Noy, 2009). The strong links between GCC and development has also 

been argued by Fankhauser et al. (1999). They posit that the ability to instigate long-term plans 

depends on the initial ‘health’ of the actors. Hence, Fankhauser et al. (1999) advocate for 

policies that are aimed at the overall development of communities or the reduction of other 

stresses resulting from GCC and EWE. Trends that make it harder for future generations to cope 

should be halted or reversed. For instance, development on low-lying coastal areas and river 

flood plains and fragmentation of habitats already has negative consequences under the current 

climate. With additional stresses, this will only increase the vulnerability of the poor further. The 

resulting situation can also make future adaptation more difficult (Smith, 1997; cited in 

Fankhauser et al., 1999). Thus, not only are less developed countries more vulnerable to the 

effects of natural disasters but there can be serious long-term consequences for poverty 

reduction and their development trajectory.  

 

3.2: Related Literature on the 1998 Floods in Bangladesh  

Due to the availability of a comprehensive panel data set and the onset of one of the worst 

natural disasters, the 1998 floods in Bangladesh have attracted much interest from researchers. 

The IFPRI comprehensive report (Del Ninno et al., 2001) provides a very detailed outline of the 

impact of the floods, the characteristics of households that were surveyed and explanation of 
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the survey methods. Since then, several micro-studies have examined the impacts of the floods 

on nutrition and welfare, evaluated public programs and assessed household coping strategies. 

The studies carried out during and after the flood show that income, consumption, and other 

losses were minimal and that households managed to cope with such losses with help from the 

government, other agencies including NGOs and local support networks amongst friends, 

families and informal village agencies (e.g. Del Ninno et al., 2001, 2003, Del Ninno and Dorosh, 

2001, Khandker, 2007). Researchers have also documented the extent of damage and sources of 

support that helped households to cope with the flood. However, compared to household 

capacities, most of the studies have focused mainly on the role of public programs and 

institutions such as markets and NGOs in mitigating the effects of the floods. Even where coping 

strategies have been identified (such as borrowing), no distinction was made between the 

outcomes for exposed and non-exposed households.  

 

Mechanisms for Coping with the 1998 Floods 

a. Food-aid programs 

A principle focal research area in the aftermath of the floods was to examine how a possible 

famine was avoided. Specifically, several papers evaluated the effectiveness of public-

distribution programs and the role of private markets (see Del Ninno et al., 2001a; Del Ninno at 

Dorosh, 2001 and Del Ninno et al., 2003). The 1998 floods showed that food aid plays a dual role 

after crises: it can increase the availability of food and also provides resources that enhance the 

access to food amongst food-insecure households (Del Ninno and Dorosh, 2001). There were 

two major channels that dominated government flood relief efforts: Gratuitous Relief (GR), 

designed to provide emergency relief to disaster victims, and Vulnerable Group Feeding (VGF), 

aimed at assisting the households over a longer period (ultimately, from September 1998 to 

April 1999). 17 In terms of misallocated funding, GR was better targeted towards flood-exposed 

households than was VGF. Only 11.4% of the GR recipients, as compared to 24.7% of VGF 

recipients, were not directly exposed to the flood. However, the sizes of these programs were 

limited, both by available wheat stocks and financial costs (Del Ninno and Dorosh, 2001). 

Khandker (2007) found that in contrast to VGF, transfers of food aid and handouts from NGOs 

were particularly well-targeted to the households exposed to the flood.  

                                                        
17

 These programs are funded by foreign grants and operated by the government. The target was 
mostly the extremely poor households who are not covered by the NGO-based microcredit programs. 
Although the programs operate throughout the year, their intensity increases during the flood. The 
VGF program is in operation every year, but its coverage is usually much smaller than those of NGOs 
because of lack of political will and donor support.  
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b. Public policy programs 

On the role of public policy and markets in the 1998 floods, Del Ninno et al. (2003) showed that 

suitable policies played a crucial role in preventing a possible famine. They developed several 

econometric models including fixed effects and first differenced-models to examine how private 

markets contribute to food security by supplementing existing stocks and stabilising rice prices. 

Using counterfactual simulations from their calorie demand regressions, they found that the 

rural poor’s per capital consumption would have been 44-109 calories/day less if private sector 

rice trade from India had been prohibited and the rice price was 19.4% higher.18The government 

had also contributed to improving the function of markets through the removal of a 2.5% tariff 

in the early 1990s on rice imports, the swift clearance of rice imports and strict limits on 

government sales of subsidised rice. Various levels of government also assisted in averting a 

crisis by previously promoting winter season rice (boro) over monsoon season rice (aman). This 

helped supplement the shortage of rice as a result of the floods (Del Ninno et al., 2001). 

Khandker (2007) similarly found evidence of the benefits of rapid intervention by the 

government and aid agencies. Flood-exposed villages recovered much quicker and the extent of 

a decline in vulnerability was higher than non-exposed villages. 

 

c. Credit programs and borrowing 

Several researchers have also found evidence that borrowing was a major household coping 

strategy in the initial three months after the floods (Del Ninno et al., 2001; 2003 and Khandker, 

2007). This strategy also resulted in a greater debt burden which prolonged misery in later 

periods (Del Ninno et al., 2003). Also, the benefits of microcredit programs and formal credit 

sources were restricted because lending could not be increased at the same pace as the demand 

for hard cash during the crisis. The credit providers’ institutional limitations emanated from the 

fact that, like their client households, they suffered in a number of ways including: income loss 

from non-payment of borrower loans, shortage of cash to issue new loans, the un-availability of 

grants and client drop-outs (Nayar and Faisal, 1999; cited in Khandker, 2007). As a result, their 

capital base for loan disbursement shrank.19 However, the reduction in microcredit’s share of 

                                                        
18

 As per the import parity price of rice imports from Thailand. 
19

 Khandker (2007) suggests that microcredit programs are not designed specifically with disaster 
management in mind. They are not charity organisations and their viability depends on sound 
repayment of loan disbursements. Microcredit programs can incur significant losses when calamities 
affect the rate of loan repayment. Nevertheless, Khandker (2007) explains that microcredit programs 
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borrowing was compensated by increases in informal sector loans (Khandker, 2007). Thus, many 

households coped with the floods by borrowing but this was limited by the ability of formal 

institutions to provide emergency funds and the size of household debt. 

 

Labour markets outcomes 

Labour markets, employment and wages in the context of flooding in Bangladesh have also been 

examined by several researchers. In the aftermath of the floods, economic activities were 

seriously affected, which caused an immediate toll on labour markets and the daily wage rate 

subsequently declined (Khandker, 2007). Moreover, Quisumbing and Mueller (2010) reveal that 

whilst the real wages of agricultural and non-agricultural workers both declined in the short-

term, salaried workers continued to experience wage losses nearly five-and-half years later in 

2004. Similarly, based on district-wise monthly data from 1979-2000, Banerjee (2007) finds that 

agricultural wages declined in the inundated districts during flood months. Just like Skoufias 

(2003a), she explains that the impacts of flood on wages arise through the impacts of flood on 

demand and supply conditions in the agricultural labour market (Banerjee, 2007). 

 

This suggests that being endowed with human capital is not necessarily a guarantee that a 

household will quickly recover (especially if they are unemployed) nor will it be able to 

completely mitigate the effects of the flood. This conclusion was slightly different to Khandker’s 

findings that showed education could reduce welfare vulnerability (Khandker, 2007) and act as a 

form of self-insurance (Yamauchi et al., 2010). What this shows is that human capital is 

undoubtedly important in the context of natural disasters, but households can still be 

vulnerable because even educated members are dependent on labour market outcomes which 

are largely beyond their control.  

 

However, under certain conditions, wages can respond positively in the aftermath of floods 

(Banerjee, 2007). Flexibility in labour options that create favourable demand and supply 

conditions can assist in reducing the adverse wage changes following a flood. For instance, 

agricultural workers who switched to non-agricultural sectors benefitted most in terms of a 

lower percentage reduction in wages (Banerjee, 2007). However, without existing suitable skills 

or additional training, occupational mobility can be difficult and restricted. In that case, 

                                                                                                                                                                            
have adapted to cope with disasters in several ways, for example, by disbursing emergency loans, 
putting moratorium on existing loans, etc.  
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extending eligibility and access to credit or cash transfers can assist vulnerable workers who are 

transitioning between jobs and re-training. Access to credit also increases consumption levels 

which assist in sustaining the demand for the output of local businesses and thus employment 

of workers. 

 

Additionally the agricultural sector can be the focus of public reforms. Reforms that increase 

agricultural productivity can raise real wages and reduce the vulnerability of the population to 

potential short-falls in income (Banerjee, 2007). Examples of critical investments include 

facilitating the cultivation of high-yielding varieties and labour-intensive crops in the dry season 

and flood-resistant varieties in the wet season. In addition, Khandker (2007) advocates for 

better targeted interventions for vulnerable households through ad-hoc measures (including 

relief and rehabilitation) along with long-term investment. This includes human capital 

development, improvements in access and distribution of credit and ongoing development of 

village infrastructure.  

 

Hence, from reviewing the various coping strategies studied in the literature, it is evident that 

governments, NGO’s and households can all play a crucial role in enacting emergency relief 

programs. These institutions can also work towards undertaking long-term investment and 

development initiatives. The evidence from the 1998 floods in Bangladesh also shows that those 

policies that focus squarely on economic and social development were the most effective in 

coping with natural shocks and in encouraging long-term adaptation.  

 

3.3: Departure from existing literature – the role of household 

characteristics as mitigating factors 

Beyond examining the main ways that a natural disaster affects households, previous studies of 

the 1998 Bangladesh floods have not specifically considered household characteristics as a 

potential source for the mitigation of the effects of floods. Existing studies provide empirical 

support to Skoufias’ (2003a) suggestion that floods can directly destroy crops and assets and can 

also create additional suffering due to higher prices and lower wages. The papers also allude to 

the significance of ex-ante preparations over ex-post responses. For instance, just as Del Ninno 

and Lundberg (2005) found, Yamauchi et al. (2010) concluded that intervention ex-ante is 

preferable to intervention ex-post. Additionally, various coping strategies have been explained 
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and evaluated. Khandker (2007) identified that 60% of all households adopted one of several 

different coping mechanisms including borrowing, skipping meals or selling assets. Although 

outside his scope, Khandker (2007) did not undertake econometric testing of the ability of 

characteristics to directly mitigate the effects of flooding.  

 

The lack of focus on the household’s mitigating capabilities could well be due to the significance 

of certain external factors. These include the scale and significance of macroeconomic factors 

such as major loss of food production as well as the various channels through which a flood may 

affect welfare. Several researchers have stressed the importance of effective public policies and 

the role of markets (see Del Ninno et al., 2001; 2003) as well as the role of institutions, labour 

markets and the agricultural sector (Khandker, 2007; Banerjee, 2007) to overcome any major 

famine crisis. In doing so, there is an implicit assumption that the most crucial factors for 

mitigating the flood emanate from public policies, institutions and markets – all external factors 

to the household. That suggests, without clearly proving, that households could do very little, on 

their own, to overcome the universal effects of the flood.  

 

With regards to some of these previous studies, Khandker (2007) correctly argues that in just 

analysing outcomes during or after the flood, one cannot assess whether it is government’s 

crisis management ability or a household’s coping ability that helped reduce the vulnerability of 

the poor. This thesis will go further than Khandker’s analysis because it considers various 

household characteristics with respect to flood-mitigation. The IPCC (2007) has stressed that 

households can play a major role in adapting to GCC and mitigating some of the adverse effects 

of GCC and EWE. Various researchers have also identified the mechanisms through which 

households overcome the advent of a natural shock. These include accumulation of human 

capital (Baez and Santos, 2007; Gitter and Barham, 2007 and Portner, 2008; cited in van den 

Berg, 2010), access to microcredit (Khandker, 2007), livelihood strategies (van den Berg, 2010) 

or asset-smoothing strategies (Hoddinott, 2006; Zimmerman and Carter, 2003).  

 

In addition to identifying beneficial household characteristics, this thesis investigates whether 

the effectiveness of these characteristics vary depending on the level of flood exposure. Finally, 

the approach adopted here can assist in understanding the concepts of poverty and 
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vulnerability20 by focusing on a household’s human and physical endowments. This grassroots 

knowledge and evidence is crucial for policy makers to target the most vulnerable households. 

The research presented here complements the existing research in terms of the intersections 

between concepts such as poverty and vulnerability, coping strategies, benefits of microcredit 

and accumulation of human capital. Consequently, this study will shed light on whether, when 

faced with EWE, household characteristics assist in mitigating the effects of natural disasters or 

whether external and macro-level factors are more important.  

 

The following chapter discusses the survey data from the 1998 floods. In addition, drawing on 

the extant research on coping and adaptation strategies, the following chapter will explain the 

conceptual framework and empirical strategy.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                        
20

 Yet, Khandkher (2007) concedes that knowing who is likely to be poor in the future may be more 
important in designing appropriate policies to mitigate poverty and vulnerability. Another reason for 
more emphasis on vulnerability than on poverty is that poverty is a stock variable consisting of both 
chronic poor and transient poor. Transient poverty may be temporary for a large number of 
households identified as poor. Hence, it is vulnerability rather than poverty that may be more relevant 
for policymaking.  
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CHAPTER 4: DATA, CONCEPTUAL FRAMEWORK AND 

METHODOLOGY 

4.1 Data 

The micro-level analysis for this paper is based on the IFPRI-FMRSP household survey. The 1998 

floods survey was designed to evaluate the impact of the natural disaster. The survey covers a 

large sample (       ) of spatially-dispersed households in seven flood-affected thanas.21 The 

panel consists of four rounds: (i) November-December 1998, (ii) April-May 1999, (iii) November-

December 1999 and (iv) April-May 2004. Only the first three rounds of data were relevant to the 

scope of this thesis. This is because these rounds were recorded just after the floods and 

provide information on the immediate effects of the floods and the role of household 

characteristics. The survey collects an array of household (and community) information 

including demographics, consumption, assets, employment, agricultural production practices 

and borrowing. A fair representation of different parts of the country was sought using multiple 

criteria.22 Furthermore, households were selected using a multiple-stage probability sampling 

technique (see Del Ninno et al., 2001). 

 

Definition of Flood Exposure 

A measure of flood exposure is required to ascertain how households experienced the floods. 

This forms a crucial variable for the analysis that we undertake in this thesis. The survey utilises 

the Bangladesh Water Development Board (BWDB) traditional measures of flood impact. 

Geographical location is often not the best indicator of flood exposure as not all households are 

exposed to floods to the same extent. In the 1998 floods, there were varying degrees of flooding 

in homesteads and some households had to even completely abandon their houses for days or 

weeks at the peak of the flooding. To a certain extent, the direct exposure and intensity 

depended on the height of the homestead and the presence of an embankment or road.  

 

                                                        
21

 A thana (referred to as upazila by the present government) is an administrative unit that is smaller 
than a sub-district and larger than a village.  
22

 The criteria were: the severity of flooding, level of poverty and from the first two criteria, those 
thanas would give a good geographic balance were chosen. 
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As one cannot accurately observe and measure flood exposure, the surveyors created an 

ordered qualitative index called        .23 Three measures were used to construct the index: 

the depth of water in the homestead, the depth of water in the home and the number of days 

that water was in the house. Consequently, the categorical values in         classified 

households as:  

 not exposed to the flood (0) 

 moderately exposed to the flood (1) 

 severely exposed to the flood (2); or  

 very severely exposed to the flood (3).  

 

Description of flood-exposure variables 

There are two forms of flood-exposure that are utilised for the analysis in this thesis: 

a. household-level flood exposure (FVAR) 

The formation of the FAFFECT index and its foundational index (FEINDEX) had a degree of 

arbitrariness in terms of the thresholds for the various measures used as well as the way that it 

was aggregated.  For ease of interpretation, the categorical flood exposure variable (       ) 

was transformed into a flood exposure dummy (    ). This approach also avoids the 

complications with comparing the categories in the FAFFECT index. Households that recorded 

moderate, severe and very severe exposure (                 ) were considered to be 

exposed (i.e.         ) and non-exposed households were indicated by (        ). This 

constructed was beneficial to compare outcomes between exposed and non-exposed 

households as well as to determine the sign and size of the interaction effects between 

households with varying levels of exposure and characteristics. As the first round collected 

survey data within a couple of months of the flood, the      was only recorded for Round 1. 

 

b. village-level flood exposure (VFVAR) 

Additionally, using the village-mean of FVAR, a village-level variable of flood exposure (     ) 

was created. In the econometric analysis, VFVAR is able to capture village-level unobservable 

characteristics relating to the flood. For instance,       captures the general equilibrium (GE) 

effects that influence household outcomes.  

 

                                                        
23

 This was in fact a simplified version of a larger qualitative index called FEINDEX. See Appendix 2 
for further explanation of the indices. 
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This thesis hypothesises that there is a negative relationship between calorie consumption and 

exposure to flooding.  

 

Measuring household welfare 

There is a considerable degree of contention with regards to the measure of household welfare. 

Nonetheless, it is now considered that income – which has dominated much of poverty and 

well-being analysis in the past – provides a (limited) one-dimensional view of welfare (Alkire and 

Foster, 2010).24 In the aftermath of natural disasters, broader definitions of welfare are more 

appropriate because in such situations, consumption, nutrition and health deteriorate rapidly 

(Skoufias, 2003a). 

 

Within the welfare literature, various measures have been suggested to evaluate outcomes 

amongst individuals, households or nations. Anand and Harris (1994) provide five potential 

indicators of individual welfare.25 Ultimately they suggest that perhaps the single most 

important aspect, particularly for developing countries, is calorie intake.26 In this thesis, adult 

equivalent calorie measure is used to account for the types of occupants so that a more 

accurate indicator is obtained for the household. After a weather shock, an extreme outcome 

can be famine and widespread hunger. Often, this is the most crucial issue that needs to be 

addressed before income and other social measures, such as housing and education. Rural 

citizens in developing countries remain highly vulnerable to fluctuations in the weather which 

can affect their welfare because a large percentage of their budget is allocated to food (Burgess 

and Donaldson, 2010).  

 

 

                                                        
24

 The „uni-dimensional‟ method of utilising a single cardinal variable of „income‟ aggregates various 
dimensions of a person‟s life and develops an aggregate cut-off to determine who is poor. Typically 
the cut-offs will vary for different dimensions (e.g. health, education, security etc.) and between 
people and communities (Alkire and Foster, 2010). 
25

 The five indicators are: household per capita income, household total expenditure per capita, 
household food expenditure per capita, household calorie intake per capita and household inverse-
food share (defined as the ratio of total expenditure to food expenditure).  
26

  Whilst calorie consumption is a popular measure in the literature, some caveats need to be noted. 
According to Skoufias (2003b), there is now a consensus that the total caloric availability provides 
only limited insights about how the availability within households responds to changes in income and 
other resources. For example, when household income drops, caloric availability may be maintained 
more or less constant through substitutions within and between food groups. The outcome could be 
that whilst caloric consumption is maintained, the consumption of essential micronutrients may fall as 
households consume less meat, vegetables, egg and milk (Behrman, 1995). 
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4.2 Conceptual framework 

The central proposition that this thesis tests is that household welfare is a function of household 

characteristics. For ease of description, the characteristics are categorised as physical capital 

(e.g. ownership of various assets), human capital (e.g. education levels) and financial capital 

(e.g. borrowing). Consequently, the following estimable model of determinants of household 

welfare will be tested:  

 

       (        ) (1)  

Where, HW is household welfare and PC, HC and FC stand for physical, human and financial 

capital respectively. In the analysis, the physical capital and human capital variables are also 

referred to as asset and demographic variables. The dependent variables and the explanatory 

variables are discussed in detail below in the following section. 

 

a. dependent variable 

The dependent variable is recorded in adult-equivalent calorie consumption form. This allows 

one to account for the composition of adults and children in each household. Moreover, 

RAMSEY-RESET specification testing showed that the logarithmic form (       , or in short 

notation:   (   )) provided a better fit (see Section 4.5). Thus, only Model 1 contains one set of 

results for the level form to allow a ‘comparison of means’. All subsequent models utilise the 

logarithmic form. The log-form also has the added benefit that it can be interpreted as an 

elasticity (Wooldridge, 2006).  

 

b. description of the Explanatory Variables 

Based on the conceptual framework in section 4.1, the explanatory variables are described for 

each category along with the prior expectations (hypotheses) about their direct relationship 

with household welfare.  

 

i. Human capital 

Human capital is represented by years of education attained by the household head (     ), 

total education of all females in the household (         ) and age of the household head 

(    ). It is well-acknowledged that education plays a crucial role in socio-economic 

development and growth (see McMahon, 2000). Many of the recent endogenous growth and 

Solow models now incorporate aspects of human capital (Barro, 2007). Education also has 
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significant returns for individuals and the household collectively (Psacharapoulos, 2004). 

Particularly, returns to education for females are higher than for males in Bangladesh 

(Asadullah, 2006). Aggregate female education is also expected to lower the adverse costs of 

natural disasters (Blankespoor et al., 2010). Thus, this thesis hypothesises that a household with 

a literate head and with higher aggregated female education will consume more calories, and be 

able to mitigate some of the effects of the flood. However, it must be noted that education may 

not be very beneficial in the aftermath of the floods because the economy was slow to recover. 

For instance, employment and wages of salaried workers fell dramatically and remained low for 

a long time (Quisumbing and Mueller, 2010).  

 

The relationship between age and calorie consumption cannot be determined a priori. The 

household head’s age can affect calorie consumption through asset accumulation, technology 

adoption or risk aversion (Demeke et al., 2011). Age can also be considered a proxy for 

experience of prior natural disasters and knowledge of coping strategies (Glewwe, 1991). 

Behaviourally, individuals who have experience of natural disasters are less likely to experience 

a negative outcome resulting from that event than individuals without such experience 

(Halpern-Felsher et al., 2001). However, age could be negatively correlated with calorie 

consumption as older heads may be less efficient in carrying out demanding farm operations 

resulting in lower farm production and productivity (Demeke et al., 2011).  

 

Additional demographic control variables 

Two additional controls that are included in Model 2 and 3 regressions are sex of the household 

head (   ) and the size of the household (       ) to prevent bias in the OLS estimators. SEX 

has to be controlled because male-headed households are expected to consume more calories 

than their female-headed counterparts. This is likely since most female-headed households in 

the Bangladesh rural system are formed as a result of death of their husband or divorce. This 

situation usually leaves women with insufficient resources such as land, livestock and other 

productive assets (Demeke et al., 2011). HHSIZEA has to be controlled because the dependent 

variable adjusts the household-level calorie consumption through accounting for composition of 

members. There appears to be a systematic relationship between AECAL and HHSIZEA.  
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a. Physical capital 

Three asset variables, LIVESTOCK, CONSASSETS and HTOTLAND, are included to provide various 

measures of household asset ownership and to control for wealth effects which may influence 

calorie consumption. They are expected to have positive effects on calorie consumption. All of 

the three assets studied here can be used as collateral or sold to obtain urgent funds to cope 

with the disaster. Specifically, LIVESTOCK is an important physical capital for farming activities in 

rural Bangladesh.  Livestock can be a store of wealth, a source of income and can also be a 

means to cope with difficult times (Hoddinott, 2006). Furthermore, land holding (        ) 

is a resource to grow food for subsistence or to be sold in the market. However, it is possible 

that greater land holding can make households more susceptible to flooding. Where households 

are dependent on the land, they can suffer from crop failure and loss of feed for livestock.  

 

b. Financial capital 

Financial capital is represented by borrowing (           ) and purchase of food on credit 

(        ). Borrowing is anticipated to have a positive influence because it enables 

households to address the immediate damage and costs of the flood (such as repairs). Loans 

also resolve short term liquidity constraints for households. Thus, inputs can be purchased to 

continue food production. Borrowing can also be used as a consumption smoothing mechanism 

in the event of food shortages in the household (Zeller and Sharma, 2000). Similarly, the 

purchase of food on credit represents an ability to obtain assistance through deferring payment 

and can also be used to smooth consumption. However, loans are expected to provide only 

temporary benefits as households would soon need to make repayments and could face a 

severe debt-burden (Del Ninno et al., 2003).  

 

Food prices 

In some of the analysis, food prices are included as additional explanatory variables. The food 

price variables, as described in the following table, were recorded as the mean village-level per-

kilo price. This was calculated by first dividing the total value of purchases of the particular food 

group by total quantity. Thereafter, the mean of all purchases of food within a particular food 

group was obtained. For example, for the rice price of each household, the mean price/kilo was 

calculated from purchases of multiple rice types. Finally, the village-level mean was obtained 

from all households in each village.  
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4.3 Summary Statistics 

A short description of each of the variables in the analysis and their summary statistics are 

provided in the following table. The round-by-round summary statistics of all of the variables are 

provided in Appendix 4. 

 

Table 1: Definitions and summary statistics of the variables (panel form) 

Variable Name27 Description Mean SD 
Dependent variable    

      Adult equivalent calorie consumptiona 3331.881 1175.361 

        Logarithm of AECAL 8.049795 .3579022 

Independent 
variables 

   

Flood variables    

       Dummy, = 1 if household was moderately, 
severely or very severely exposed to the flood 

.7133421 .4524993 

        Village-level mean of FVAR (each household in a 
village has same value) 

.7133421 .3645893 

Physical capital    

           Total value of three consumer assets that are 
measured: wall clock, tv and radio (in 100’s of 
taka). 

1.491986 10.72747 

         Total amount of land owned by the household 
(including homestead, ponds and farming or 
other lands) (in 100’s of decimals).28 

1.266664 1.89445 

          The number of cows, bullocks and sheep in the 
household. 

.8071334 1.265873 

Human capital    

      Total years of education attained by the 
household head 

2.607013 3.73519 

          Total years of education attained by all females 
in the household 

4.98975 6.544568 

     Age of household head (in 10s of years). The 
regression models also include       – age-
squared of household head (in 100s of years). 

4.502109 1.249097 

Financial capital    

         Total amount of food purchased on credit by 
household (in 100’s of taka). 

2.444551 5.758981 

            Logarithm of total value of outstanding 
household loans through various lending 

.7800688 1.163526 

                                                        
27

 Outliers for the following variables were removed: AECAL (> 10 000 or <800), RICEPRICE (> 60 or 
< 3) and ATTAPRICE (> 100 or < 5). Outliers were adjusted because they can adversely influence the 
OLS estimates (Wooldridge, 2006).  
28

 An ancient South Asian unit of area measurement (1 decimal      sq. feet).  
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schemes (microfinance programs, money 
lenders and personal borrowing) 

Other control 
variables 

   

    Dummy, = 1 if the household head is male .9590054 .1980395 

        The number of household members 5.730838 2.198105 

Food price variables    

         b Mean village-level per-kilo price of food 
purchases of all households29 

15.18259 2.788722 

         c “ 11.89998 1.944583 

          “ 16.12201 6.581636 

 

4.4 Econometric Framework and Methodology 

 

The following sections explain the econometric framework that was developed using data 

across all of the three rounds.   

 

Simple Panel Data Model 

The OLS regression models in the analysis are based on the following simple panel data model. It 

is used for each of the three rounds,   *     +: 

 

                  (      )       (2)  

where 

    is the dependent variable observed for household   at time    

   is an indicator of flood exposure for household   at time     only  

  is the estimated coefficient of floods across rounds  

    is a vector of explanatory variables for household   at time t 

  is a vector of estimated coefficients 

  is a vector of estimated interaction term coefficients 

   is the constant of the equation 

    is the error term30 

 

For the thesis study, the analysis is developed by examining the following models.  

                                                        
29

This was calculated by first dividing the total value of purchases of the particular food group by total 
quantity and its mean was obtained for all purchases of items within the food group for each 
household. Thereafter, a village –level mean was obtained from all households in each village.  
30

 see Appendix 3 for further discussion of the properties and assumptions of the error term 
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4.4.1 Model one: effect of flood exposure on calorie consumption 

To identify the effect of flood exposure, the following OLS regression model is estimated: 

     

                 (3)  

To identify the most significant channels of flood effects, several variations are attempted by 

testing FVAR, VFVAR and food prices. It must be noted that whilst   doesn’t vary across rounds, 

 ̂ will vary according to the marginal effect of the flood for all rounds.  

 

4.4.2 Model Two: Flood effects controlling for household characteristics 

It is feasible that Model 1 does not provide a realistic indication of the relationship between 

flood exposure and calorie consumption. Thus, other possible determinants of calorie 

consumption cannot be assumed to exist in the error term and remain uncorrelated with the 

flood exposure variable. Leaving out important variables can cause omitted variable bias. Even 

correlation between a single explanatory variable and the error can generally result in all OLS 

estimators being biased (Wooldridge, 2006). As a result, Model 2 estimates the following: 

  

                      (4)  

This model allows one to examine the magnitude and significance of  ̂ after controlling for 

household characteristics.  

 

4.4.3 Model Three: Interactive effects  

Model 3 investigates the assumption that some households will be better able to cope than 

others with a given level of flood exposure based on their characteristics. Also, the effects of the 

characteristics may depend on the level of flood exposure. For instance, it can be hypothesised 

that education may be more beneficial for households that were non-exposed than exposed 

ones. Hence, we wish to investigate not only the marginal effect of   is (conditional on  ) but 

also how   affects the marginal effect of   on     .  

 

Thus, the following model can be estimated: 
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                  (      )       (5)  

This approach is based on Burgess and Donaldson’s study of the interaction between railroads 

and rainfall in determining famine intensity (Burgess and Donaldson, 2010). 

 

Marginal effect of flood exposure 

a. Case 1: discrete variable FVAR:     

  

  , |   -   , |   -    ̂    ̂    (6)  

 

b. Case 2: continuous variable VFVAR: 

 

  

  
   ̂    ̂    

In the results, one would expect that  ̂    as the flood contributes to lower household calorie 

consumption. The coefficient estimate  ̂, presents the relationship between household 

characteristics and calorie consumption. Finally, taking the partial effect of the flood in Eq. 5 will 

help determine the interaction effect’s size and direction, i.e. whether the household 

characteristics mitigate ( ̂   ) or exacerbate ( ̂   ) the flood effect.  

 

Marginal effect of household characteristic 

 

   

  
   ̂    ̂   

 

(7)  

Also,  ̂ and  ̂ can be compared to distinguish between the effects of each characteristic 

depending on flood exposure. For instance, when      , the marginal effect of a characteristic 

(         ) is  ̂ whereas, if      , the marginal effect is   ̂+  ̂. Depending on the sign 

restriction on the parameters, the interpretation will vary. For instance if one assumes the 

following situation:   ̂    but  ̂    ̂     ,  ̂    and  ̂   . These parameter restrictions 

imply that the flood has a negative effect, but this is mitigated by the characteristic. Also the 

characteristic has a positive effect regardless of flood exposure. See Appendix 5 below for 

explanation and derivation of an elasticity-based interpretation approach for the Model 3 

results.  
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A perverse sign on  ̂ does not necessarily suggest that the characteristics are not predicted to 

be useful for households. It simply means that it does not mitigate the effect of the floods in a 

direct manner.  As long as  ̂   ̂    , the effect of the characteristics is still positive. However, 

when the signs alternate, this shows that the sign and size of the effect of the household 

characteristics can vary depending on flood exposure. For example if  ̂    and  ̂     the 

characteristic has a positive relationship with calories for non-exposed households but a 

negative relationship for non-exposed households. This is an interesting result in itself as one 

can make more specific conclusions about the characteristics rather than grouping exposed and 

non-exposed households together. This is diagrammatically presented in Figure 3 below. Other 

alternative parameter combinations are provided in Appendix 6.  

 

 

 

 

 

 

 

 

 

 

 

 

4.4.5 Robustness Checks: Protein consumption 

 

To check the robustness of the results, these same specifications are tested on adult-equivalent 

calorie consumption. The particular focus of the robustness checks are on the Round 1 

dependent variable, flood variables and explanatory variables. This Round is again of most 

concern in the immediate aftermath of the floods.  

 

 

Figure 2: Marginal effects of household characteristics for given level of flood exposure 
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4.5 Econometric Issues 

Standard errors 

In presence of heteroskedasticity, inferences cannot be made because the OLS standard errors 

are no longer valid for constructing confidence intervals and   statistics (Wooldridge, 2006). 

Robust standard errors can be used to account for heteroskedasticity of unknown form 

(Wooldridge, 2006). In the case of the linear probability model, as the form of 

heteroskedasticity is known, the weighted least squares technique can be used (Wooldridge, 

2006).  

 

Heteroskedasticity testing 

To justify the use of heteroskedasticity-robust methods, the Breusch-Pagan test was used to 

test for possible heteroskedasticity in the variance error term. The test was applied to the 

Model 2 specification because it contained the full set of explanatory variables. 

 

The BREUSCH-PAGAN test revealed a chi-square value of 2.92 and an associated p-value of 

0.0876. The hypothesis that there was constant variance in the error term was rejected at the 

9% significance level. Hence, heteroskedastic robust methods were preferred.  

 

Clustering 

The use of sampling clusters in the IFPRI-FMRSP dataset al.so required an additional adjustment 

in the standard errors. It is assumed that that there are ‘clustered errors’ in the IFPRI-FMRSP 

dataset due to the cluster-sampling technique that was used. This means that observations 

within in each group are correlated in some way. In the presence of cluster errors, OLS 

estimates are still unbiased but standard errors may be very wrong, leading to incorrect 

inference (Wooldridge, 2003). In this thesis, the village-level cluster size is used because it is a 

sufficiently high cluster-level. A higher cluster level is preferred because it aggregates the 

correlated standard errors. Kézdi (2001) showed that 50 clusters (with roughly equal cluster 

sizes) is often close enough to infinity for accurate inference. This requirement is satisfied in this 

dataset because there are roughly 117 equal village clusters.  

 

Specifications Testing 
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To justify the use of logarithmic form for the dependent variable (AECAL) specification testing 

was conducted using the RAMSEY-RESET test. Again the test was applied to only the full Model 2 

specification.  

 

The RAMSEY-RESET statistic for the level form was 2.42 and had an associated p-value of 0.0648. 

Thus we do not reject this specification at the 7% significance level. The RAMSEY-RESET statistic 

for the logarithmic form was 2.21 and had an associated p-value of 0.0857. In this case, we do 

not reject this specification at the 9% significance level. On this basis, the logarithmic 

specification was preferred.           
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CHAPTER 5: RESULTS AND DISCUSSION 

5.1 MODEL 1 RESULTS 

Mode1 begins the preliminary investigation into the effects of the floods. Initially household-

level flood exposure is studied to ascertain the direct effects of the floods in section 5.1.1. 

Thereafter section 5.1.2 provides the results for village-level flood exposure. 

 

5.1.1 Household-level flood exposure 

The household-level flood exposure variable (FVAR) captures the direct effects on households 

through loss of either assets or crops. To identify the relationship between flood exposure and 

welfare, a simple linear regression (SLR) model was used. The level form of calorie consumption 

was used because it allowed a ‘comparison of means test’ to be undertaken. After this, all 

models utilise the logarithm form of calorie consumption as discussed in Chapter 4. The results 

are presented in the table below. 

 

Table 2: Household flood exposure effects on welfare 

 

(1) (2) (3) 

Variables R1_aecal R2_aecal R3_aecal 

FVAR -228.50** -174.41* -141.59 

 

(99.08) (103.03) (99.09) 

cons 3258.72*** 3598.55*** 3545.11*** 

 

(83.70) (90.76) (82.36) 

N 743 731 712 

adj. R-sq 0.008 0.003 0.002 

Standard errors in parentheses 
* p<0.10, ** p<0.05, *** p<0.01 
Note: There are fewer observations of calorie consumption in Rounds 2 and 3. According to Quisumbing and 
Mueller (2010) attrition was only a possible problem when the fourth round of data was considered. Even 
then, only 5% of the original households in the first round were not followed in the last survey round. Hence, 
the missing data are not likely to cause bias in the OLS coefficient estimates. 

 

The constant term represents the mean calories consumed by households that were not 

exposed to the flood. In Round 1 there was a difference of 228.50 calories between the exposed 



–48– 
 

(i.e. , ̅|   -         ) and non-exposed households (i.e. , ̅|   -         ). However, 

there appeared to be evidence of ‘catch-up’ where based on the results for Round 2 and 3, the 

gap between flood exposure categories fell to 174.41 and 141.59 calories in Round 2 and 3 

respectively. The decreasing gap between the categories is also evident from the descriptive 

statistics and figure below. Whilst the difference due to flood exposure is only significant at a 

generous 10% level for round 2 and is not significant for round 3, the negative sign shows that 

flood-exposed households were still consuming fewer calories than non-exposed in subsequent 

rounds.  

 

Figure 3: Mean calorie consumption across all rounds 

 

 

Table 3: Descriptive statistics of calorie consumption across rounds 

Round Overall Exposed Non-exposed 

 Mean SD Mean SD Mean SD 

1 1091.288 3258.719 1115.625 3096.955 1014.27 3030.219 

2 1216.695 3598.555 1174.193 3463.275 1309.625 3408.908 

3 1180.521 3545.109 1186.633 3437.984 1161.393 3393.714 
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The gap between the flood-exposure categories is evidently largest in Round 1 and is relatively 

smaller for rounds 2 and 3. Also, the means for each category (exposed, non-exposed and 

overall) all increased after Round 1.  

 

5.1.2 Village-level flood exposure effects 

It is highly likely that even if households were not affected by the flood directly, they would be 

affected at the village level through indirect effects. The indirect effects can result from higher 

prices due to supply shortages, damage to roads and bridges, and closure of markets (Del Ninno 

et al., 2001). The indirect effects mainly comprise of general equilibrium (GE) effects due to 

changing market conditions. The village mean of individual household flood-exposure (     ) 

captures the village-level indirect effects of the flood.  

 

The following table presents the results from an OLS regression when LNAECAL was regressed 

on      and       in column 1, on key food prices in column 2 and then on all of these 

variables in column 3. In the following table, the analysis is restricted to Round 1 because the 

survey was conducted just a few months after the floods hit. Round 1 was also the time when 

prices were highest (Del Ninno et al., 2003). 

     

Table 4: Results of effects of flood exposure (Round 1) 

Variables (1) (2) (3) 

FVAR 0.0085  -0.0091 
 (0.0441)  (0.0516) 

VFVAR -0.1504**  -0.1090 
 (0.0616)  (0.0734) 

RICE  -0.0269* -0.0168 
  (0.0156) (0.0156) 

ATTA  -0.0050 -0.0038 
  (0.0089) (0.0079) 

VEGETABLES  -0.0061*** -0.0050*** 
  (0.0014) (0.0014) 

cons 8.0175*** 8.5907*** 8.4812*** 
 (0.0764) (0.3999) (0.3790) 

N 739 612 612 
adj. R-sq 0.020 0.031 0.039 

Standard errors in parentheses 
* p<0.10, ** p<0.05, *** p<0.01 
Note: Additional regressors that were included in but not reported were HHSIZEA and SEX (all columns) and 
VOILPRICE (columns 2 and 3). Oil is a key complement in cooking. There were fewer observations in columns 2 
and 3 because some villages did not report purchases of atta. 
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In column 1, the constant estimate in this regression represents the calorie consumption of 

households that were neither directly exposed to the flood nor were living in villages where at 

least one household was exposed to the flood. The coefficient on VFVAR represents the 

marginal effects of exposure for households that were living in flood-exposed villages. The 

actual partial effect depended on the proportion of households that were individually flood-

exposed. Households were predicted to consume up to 15.04% (2 d.p.) fewer calories than 

households in non-exposed villages. For households that were partially flooded, the net effect is 

calculated by multiplying the proportion of households that were flooded in the village by the 

coefficient estimate. The coefficient on FVAR is an estimate of the difference between 

households within a village that were and were not individually exposed. Here, the difference in 

calorie consumption is relatively small (0.85%) and is not significant.   

 

These results indicate that       is more significant and has a larger effect on household 

welfare than     . Once the village-level flood exposure is controlled for, whether a household 

is exposed or not individually is not a major determinant of their welfare.  

 

5.1.3 Flood effects through price channels 

The GE effects could also be disaggregated by introducing prices of several key food groups.31 

Prices were evidently a major channel for the indirect effects (see Del Ninno et al., 2003). In 

column 2 of Table 4 above, the indirect effects of the flood are disaggregated by including food 

prices. Rice prices and vegetable prices had a significant and negative effect on calorie 

consumption. A 1 taka rise in rice prices and vegetable prices was estimated to lower calorie 

consumption by 2.69% (10% significance level) and 0.61% (1% significance level) taka 

respectively.32 The strong effect of rice prices is expected considering the importance of rice as a 

staple in the Bangladeshi diet. When the flood variables were included in column 3, only 

vegetable prices remained robust – albeit with a smaller effect and the flood variables were not 

significant. This suggests that the flood variables do not have any effect on calorie consumption 

above the flood’s indirect effects through (some) food prices. This finding that higher prices was 

                                                        
31

 The chosen food groups are based on the findings of Del Ninno (2003) which identified those prices 
that were significant determinants of household calorie consumption.  
32

 Taka is the currency of Bangladesh (1 taka = 100 paisa). 
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a principle channel through which floods affected households is consistent with Del Ninno et al. 

(2003).  

 

The subsequent models proceed by focusing on VFVAR because it had a stronger effect in 

column1 (5% significance level) and captured the indirect effects through aggregation. 

Nonetheless, by extension of Model 3, household characteristics are also interacted with rice 

prices, to identify whether the characteristics can mitigate this specific indirect effect. Rice price 

was chosen because it had a particularly strong effect on household welfare. 

 

Relationship between (village-level) flood exposure and food prices 

Through a simple OLS regression model, we also attempt to ascertain the relationship between 

village-level flood exposure and prices. The results across the three food groups are presented 

below.  

    

Table 5: Results of effects of village-level flood exposure on food prices 

 
(1) (2) (3) 

Explanatory 
variable RICE ATTA VEGETABLES 

VFVAR 1.0328*** 0.5461 4.8394** 

 
(0.3512) (0.4408) (2.3838) 

cons 19.4646*** 15.9041*** 9.8660 

 
(1.6832) (2.0980) (11.4255) 

N 116 98 116 

adj. R-sq 0.114 0.034 0.018 
Standard errors in parentheses 
* p<0.10, ** p<0.05, *** p<0.01 
Note: VOILPRICE was included in the regression but not reported.  

 

If all of the households within a village were exposed, they could have expected to face up to 

1.03 taka/kg higher rice prices and 4.84 taka/kg higher vegetable prices. The effect will vary 

according to the exact proportion of households that were exposed within each village. One 

possible reason that the floods had a weaker effect on rice prices than vegetable prices is 

because rice supply was supported by imports, excess government stocks and generous flood-
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relief programs (Del Ninno et al., 2001).33 These findings reveal that the floods also reduced 

household welfare by raising the prices of key foods. 

 

Concluding remarks 

From the analysis of Model 1, it is evident that village-level flood exposure had a strong and 

significant effect on household welfare. Individual flood exposure was significant only when it 

was introduced singly but not when the model additionally controlled village-level flood 

exposure. It is clear that the village-level indirect effects (including general equilibrium effects) 

have stronger adverse impacts on household calorie outcomes. VFVAR aggregated indirect 

effects such as price rises, damage to community assets and disruptions in labour markets.  

Upon disaggregation, prices were a principal indirect channel through which the floods affected 

household welfare. Specifically, we note that rice prices and less so, vegetable prices, were 

significant determinants of calorie consumption. Based on the preliminary results in model 1, 

Models 2 and 3 proceed on the basis that village-level flood exposure had the largest effect on 

household welfare. Hence, household characteristics would need to mainly mitigate these 

indirect effects to maintain welfare.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                        
33

 Scatter plots indicating a positive, linear relationship between VFVAR and rice, atta and vegetable 
prices are presented in Appendix 7. 
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5.2: MODEL 2 RESULTS 

 

Whilst flood exposure was found to be a significant determinant of calorie outcomes in 

Model 1 (Round 1), there remained concern about possible endogeneity of the floods. 

Model 2 controls for a range of household characteristics to determine the relationship 

between flood exposure and welfare. One highly likely source of endogeneity arises from 

omitting measures of household wealth. It could well be that poorer households lived in 

marginal lands such as near rivers and waterways, and this would have increased their 

chances of being flooded. There has been much discussion and research into how human-

induced vulnerability escalates natural hazards into disasters (see Cannon, 1994 and 

Wijkman, 1984). This model helps identify the determinants of calorie consumption and 

whether they were confounding the relationship between the floods and the dependent 

variable.  

 

Endogeneity of flood exposure 

If there is correlation between flood exposure and poverty, this indicates that poverty was a 

major determinant of flood exposure. For analytical purposes, the impact of floods cannot 

be confounded by the effects of initial endowments and characteristics. By endogeneity, we 

mean that the explanatory variable is correlated with the error term (Wooldridge, 2006). 

The existence of endogeneity will create bias in the coefficient estimates of the explanatory 

variables (especially the flood variables) and diminishes the ability to make inferences about 

the characteristics (Wooldridge, 2006). It must be noted that Del Ninno et al. (2001) did not 

find any strong evidence to support the hypothesis of a correlation between household 

flood exposure and endowments.34 The Model 2 specifications specifically make 

comparisons between combinations of household characteristics to determine if the 

predicted effect of flood exposure in Model 1 varies in size and significance.  

 

                                                        
34

 They concluded this after running several comprehensive regression models including probit, logit, 
fixed and random effects models to account for various forms of possible endogeneity. On an 
aggregate basis, they found that even though some unions and thanas were exposed more than 
others to the floods, these do not appear to be poorer. Hence, based on the results that we find below 
and Del Ninno et al.‟s (2001) conclusion, we can assume with substantial certainty that the floods 
were not endogenous. 
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Similarly, per capita expenditures cannot be exogenous as it is simultaneously determined 

by flood exposure. A household that incurs greater damage may exhibit higher expenditure 

than non-exposed households. Thus, household expenditure is not included in the models in 

this thesis. As household expenditure cannot be compared before and after the floods due 

to lack of data, some variables that indicate long-term wealth and levels of asset ownership 

can be used. The inclusion of wealth variables in the models assist in curtailing possible 

omitted variable bias.  

 

Model specification 

Due to its significance, the aggregated VFVAR is used, whilst FVAR is included to control for 

household-level direct flood exposure. Household characteristics are gradually incorporated 

into the models and are grouped together for ease of analysis and presentation purposes. 

For instance, in column 1 of Table 6 below, we test whether after controlling for various 

asset variables, flood exposure is still significant.  Each column considers different 

combinations of the characteristics and gradually aggregates them to the full model (column 

5). This specification is the most robust because it includes the full set of controls.  

 

The setup is as follows: 

 

 column 1 including only physical capital variables to immediately address the  

endogeneity concern arising from wealth endowments 

 column 2 including only human capital variables 

 column 3 including physical and human capital variables 

 column 4 including only financial capital variables 

 column 5 including all variables 

 

Control Variables 

As discussed in Chapter 4, HHSIZEA and SEX  were included as controls in each of the 

specification columns but are not reported. When specifications were tested without 

including these variables, VFVAR overestimated the effects of the floods and there was a 

slight underestimation of the other household characteristics.  
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Round 1 

In Round 1, the size and sign of the coefficients are particularly of interest as they 

demonstrate the immediate effects of the floods and household characteristics on   (   ). 

The results for round 1 are presented in the table below.   

 

Table 6: Round 1 Determinants of Household Welfare across Characteristics Groups 

Explanatory 
variables 

(1) (2) (3) (4) (5) 

FVAR 0.0133 0.0166 0.0232 -0.0078 0.0061 
 (0.0424) (0.0452) (0.0429) (0.0436) (0.0425) 

VFVAR -0.1344** -0.1392** -0.1246** -0.1671*** -0.1448** 
 (0.0601) (0.0648) (0.0626) (0.0622) (0.0627) 

CONSASSETS 0.0016***  0.0011**  0.0012** 
 (0.0005)  (0.0005)  (0.0005) 

HTOTLAND 0.0146  0.0079  0.0087 
 (0.0173)  (0.0178)  (0.0165) 

LIVESTOCK 0.0381**  0.0462***  0.0517*** 
 (0.0151)  (0.0154)  (0.0146) 

AGEY  -0.1072 -0.1155  -0.1764** 
  (0.0717) (0.0727)  (0.0740) 

AGEY2  0.0140* 0.0141*  0.0197** 
  (0.0073) (0.0074)  (0.0076) 

EDUCA  0.0055 0.0032  -0.0000 
  (0.0045) (0.0045)  (0.0044) 

FMAXEDUCA  0.0048 0.0036  0.0050* 
  (0.0029) (0.0028)  (0.0026) 

FOODCRED    0.0078*** 0.0093*** 
    (0.0017) (0.0016) 

LNLOANTOTAL    0.0473*** 0.0479*** 
    (0.0120) (0.0130) 

cons 8.0462*** 8.1914*** 8.2461*** 8.0255*** 8.4092*** 
 (0.0749) (0.1694) (0.1729) (0.0746) (0.1731) 
      

N 739 709 709 739 709 
adj. R-sq 0.053 0.039 0.070 0.065 0.125 

Standard errors in parentheses 
* p<0.10, ** p<0.05, *** p<0.01 

Notes: HHSIZE and SEX were included in the regression but not reported. There are more reported 

observations in columns 2 and 3 compared to 1 and 4 due to fewer observations of EDUCA. 
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Flood exposure variables 

As was evident in model 1, when controlling for VFVAR, FVAR was not significant in any of 

the specifications. Conversely, VFVAR is significant across all of the specification columns 

and retains a consistent estimated coefficient size. In the simple model without additional 

characteristic variables in Table 4 above, VFVAR was predicted to reduce calorie 

consumption by 15.04% and this was significant at the 5% level. It is evident that omitting 

the additional explanatory variables did not alter the coefficient estimates of VFVAR greatly.  

 

When asset variables were controlled, the coefficient estimate of VFVAR was -0.1344 and 

was significant at the 5% level. The result in column 1 is similar to the result when only 

EDUCA, FMAXEDUCA and AGEY  were controlled in column 2 (-0.1392) and only slightly 

lower (whilst maintaining similar significance) than the full model in column 5 (-0.1448). 

However, when only controlling for FOODCRED and LNLOANTOTAL, there was a slight 

overestimation bias and the coefficient estimate is -0.1671 and is more significant (at the 1% 

level now). Nonetheless, as it is highly likely that households required greater purchases of 

food on credit and loans due to the flood, these variables must be controlled to avoid 

biasedness in the results. 

 

Overall, the results in Round 1 indicate that there was no endogeneity in flood exposure 

(when VFVAR was considered) arising from wealth endowments or other household 

characteristics in the Round 1 specifications. Moreover, Model 2 highlighted several key 

determinants of calorie consumption. 

 

Thana fixed effects 

Specifications testing with thana fixed effects dummies was also attempted. After including 

the thana fixed effects dummies, VFVAR became insignificant. This showed that there was 

more variation across thanas than within thanas due to possible geographical factors. There 

did not appear to be any bias in the OLS estimates when the thana dummies were left out. 

As the thana specification does not assist in understanding the endogeneity of flood 

exposure per se, the results for each round are not reported here but are provided in 

Appendix 8. 
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Analysis of household characteristic groups 

 

Physical capital 

Of the physical capital variables considered, consumer and livestock assets were significant 

determinants of household calorie consumption. As well the results were consistent and 

robust across columns 1, 3 and 5. In column 6, for each additional 100 taka value of 

consumer assets and for each additional head of livestock, consumption is predicted to be 

0.12% (5% significance level) and 5.17% (1% significance level) higher respectively. 

 

The results highlight the importance of assets for households. This is expected considering 

the fact that assets can be both a store of wealth and the means by which income is 

generated (Hoddinott, 2006). Whilst we can attempt to explain how assets benefit 

households, without more research, the precise mechanisms for those benefits can only be 

tentatively suggested as follows. Two possible reasons could be: households are able to sell 

assets as an immediate response to the shock (Hoddinott, 2006), and assets can also be 

used as collateral to obtain loans. The last possibility has also been suggested by Del Ninno 

et al. (2003) as a strong possibility especially in tight credit situations after natural shocks. 

 

Human capital 

In Round 1, total female education and the head’s age were significant determinants of 

calorie consumption (at 1% and 5% significance level respectively). In column 5, an 

additional year of total female education was predicted to raise consumption by 0.50%. 

Thus, holding all other factors constant, a household that has the mean level of 4.8 total 

female education was predicted to consume at a mean level of 4.8 years, while a household 

that has 10 additional years of education was predicted to consume 2.5% more calories than 

other households. 

 

In column 5, the marginal effect of age depends on the age at which it is being calculated 

due to the squared term. The curve is concave up, and the minimum occurs at 4.5 years 

(noting AGEY is recorded in tens of years). As the mean in the sample 45.02 years and the 

minimum is 18, all of the heads’ ages align with the increasing slope of the parabola. Hence, 
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it can be concluded that age has a positive relationship with household welfare. At the 

mean age of 45, an additional 10 years of the head’s age was predicted to raise calorie 

consumption by 0.09%. This is a relatively small effect.  

 

The results for female education is consistent with several studies that have highlighted the 

importance of female education to economic and social development (see Khandker et al., 

2003). However, we noticed that the (typically male) head’s education level was insignificant 

for all the columns in all of the rounds. The differential  impact  of  education  on  household 

welfare  between  the  two  sexes  is  due  to  either lower  rates  of  return  to education  or 

differences  in  labour  force  participation. Here it is likely that differences are actually due 

to wage earnings because the returns to education are higher for women than men in 

Bangladesh (Asadullah, 2006). It has also been documented across many low-income 

countries that the economic returns to education are higher for women than for men (see 

Schultz, 1988). Furthermore, as the demand for services fell considerably, educated males in 

the services sector were likely to have suffered from lower wages and loss of income 

(Quisumbing and Mueller, 2010). 

 

The positive relationship between age and household welfare could have perhaps been 

expected. This is because in a country that faces regular flooding, the head’s experience and 

knowledge could be seen as beneficial characteristics in overcoming the adversity. Whilst 

the precise reasons are not clear, it can be suggested that older heads may have been able 

to draw upon their experience and knowledge of the previous two severe natural disasters: 

the 1991 cyclone and the 1988 floods. It may be also the case that older heads have wider 

networks amongst family and friends to receiver assistance.  

 

Financial capital 

Financial capital resources were important in improving calorie consumption in round 1. In 

column 5, holding other factors constant, households that were able to purchase an 

additional 100 taka of food on credit were predicted to consume an additional 0.93% (1% 

significance) calories. Also, households that borrowed money were predicted to consume 

4.79% (1% significance) more calories – this is relatively large when compared to the effects 

of flood exposure. The results in column 5 are similar to the individual group of external 
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assistance variables in column 4 showing that they were robust even when other variables 

were controlled. Also in Round 1 households had borrowed more funds ( ̅    7068.14) than 

purchased food on credit ( ̅         ). 

 

This finding supports the explanation posited by Del Ninno et al. (2003) and Khandker 

(2007) that borrowing was an important  coping strategy in the aftermath of the floods. 

Thus, having access to NGOs, informal lenders and social networks to obtain assistance is a 

significant temporary coping strategy against shocks such as natural disasters. 

 

Round 2 

Compared to Round 1 results, here it is evident that the flood variables are no longer 

significant in any of the specifications. The table below presents the results for Round 2 and 

is set out in a similar fashion to Table 6. 

 

 

Table 7: Round 2 Determinants of household welfare across characteristics groups 

Explanatory 
variables 

(1) (2) (3) (4) (5) 

FVAR -0.0254 -0.0270 -0.0236 -0.0337 -0.0247 
 (0.0410) (0.0384) (0.0387) (0.0401) (0.0376) 

VFVAR -0.0291 -0.0317 -0.0358 -0.0221 -0.0312 
 (0.0603) (0.0601) (0.0591) (0.0621) (0.0589) 

CONSASSETS 0.1793**  0.1514**  0.1376* 
 (0.0770)  (0.0741)  (0.0750) 

HTOTLAND 0.0499***  0.0461***  0.0473*** 
 (0.0082)  (0.0087)  (0.0088) 

LIVESTOCK 0.0150  0.0058  0.0073 
 (0.0123)  (0.0118)  (0.0119) 

AGEY  -0.0449 -0.0375  -0.0406 
  (0.0628) (0.0567)  (0.0570) 

AGEY2  0.0094 0.0073  0.0075 
  (0.0061) (0.0055)  (0.0056) 

EDUCA  0.0068* 0.0027  0.0022 
  (0.0035) (0.0034)  (0.0035) 

FMAXEDUCA  0.0067*** 0.0049**  0.0053** 
  (0.0024) (0.0023)  (0.0023) 

FOODCRED    0.0067*** 0.0066*** 
    (0.0023) (0.0020) 
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LNLOANTOTAL    0.0017 -0.0116 
    (0.0134) (0.0130) 

cons 8.1431*** 8.1131*** 8.1628*** 8.0844*** 8.1662*** 
 (0.0996) (0.1670) (0.1557) (0.1004) (0.1544) 

N 738 736 736 738 736 
adj. R-sq 0.088 0.055 0.116 0.005 0.123 

Standard errors in parentheses 
* p<0.10, ** p<0.05, *** p<0.01 

Note: HHSIZE and SEX were included in the regression but not reported. 

 

Asset variables 

Compared to Round 1, consumer assets have an even greater predicted effect at 13.76%; 

although it is only significant at the generous 10% level. This may possibly indicate that if 

households have been able to retain their consumer assets without selling them, they are 

much better off. The descriptive statistics show that in round 2, only 64% of the households 

that had consumer assets in Round 1 still retained them. In terms of quantity, households 

retained 67% of the consumer assets of Round 1 consumer assets in Round 2 (see Table 7 

above). Also, as opposed to Round 1, total land holding was significant at the 1% significance 

level when considered individually and in the full model. In column 5, each additional 100 

decimals of landholding, households are predicted to consume 4.73% more calories. 

However, compared to Round 1, livestock assets were not significant in Round 2. Without 

further research, we cannot conclude why this is the case. However, the descriptive 

statistics reveal that 24% of households sold at least one livestock animal in Round 1 (15% of 

animals). In Round 2, 18% of households sold one or more animals (11% of all animals). Also 

in Round 2, 31% of households consumed one or more animals (20% of animals).  The 

anomaly in Round 2 could perhaps be explained by the similar circumstance found by 

Fafchamps and Gavian (1997) where prices had plummeted and there weren’t any suitable 

markets to sell livestock. 

 

Human capital 

In the full model in column 5 of Round 2, only female education was significant and the size 

of the effect was similar (0.53%). The result is significant across all of the relevant columns 

and has a similar sized-coefficient. However, in column 2, the head’s education was 

significant (though at the generous 10% level only) when included alone with the 
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demographic variables in column 2. This does not provide strong evidence for the 

importance of the head’s education.  

 

Financial capital 

In Round 2, only access to food credit is significant in determining household outcomes. In 

column 5, an additional 100 taka of food credit was predicted to increase consumption by 

0.66% which is about half of the size of the effect in Round 1. However, this result was 

highly significant at the 1%.  

 

     

Table 8: Round 3 Determinants of Household Welfare across Characteristics Groups 

Variables (1) (2) (3) (4) (5) 
FVAR 0.0191 0.0244 0.0279 0.0122 0.0276 

 (0.0412) (0.0435) (0.0402) (0.0453) (0.0405) 
VFVAR -0.0931* -0.1089** -0.0995* -0.0967* -0.0948* 

 (0.0530) (0.0541) (0.0513) (0.0568) (0.0516) 
CONSASSETS 0.0052**  0.0049*  0.0050** 

 (0.0025)  (0.0025)  (0.0024) 
HTOTLAND 0.0481***  0.0409***  0.0409*** 

 (0.0075)  (0.0077)  (0.0078) 
LIVESTOCK 0.0261***  0.0240**  0.0241** 

 (0.0099)  (0.0095)  (0.0095) 
AGEY  -0.0805 -0.0798  -0.0882* 

  (0.0608) (0.0514)  (0.0522) 
AGEY2  0.0122* 0.0108**  0.0117** 

  (0.0063) (0.0054)  (0.0055) 
EDUCA  0.0030 -0.0006  -0.0012 

  (0.0030) (0.0030)  (0.0030) 
FMAXEDUCA  0.0076*** 0.0063***  0.0061*** 

  (0.0019) (0.0018)  (0.0018) 
FOODCRED    0.0101* 0.0090 

    (0.0057) (0.0057) 
LNLOANTOTAL    0.0118 0.0099 

    (0.0120) (0.0117) 
cons 8.1326*** 8.1992*** 8.2646*** 8.0765*** 8.2797*** 

 (0.0791) (0.1618) (0.1498) (0.0779) (0.1510) 
N 722 721 721 722 721 

adj. R-sq 0.095 0.055 0.117 0.006 0.117 
Standard errors in parentheses 
* p<0.10, ** p<0.05, *** p<0.01 

Note: HHSIZE and SEX were included in the regression but not reported. 
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Round 3 

Interestingly and unlike Round 2, the village-level flood exposure was significant (though 

only at 10%) and retained a consistent size across all of the columns. The size of the 

coefficient in column 5 (-0.0948) was less than for column 5 in Round 1 (-0.1448). This 

indicates that the effect of flood decreased over time. It can be tentatively suggested that in 

the aftermath of the floods, households were most affected. Many of the flood-affected 

households would have received their public assistance by Round 2 (it may have taken 

officials several months to coordinate and distribute the assistance). Khandker (2007) and 

Del Ninno and Dorosh (2001) have found evidence that some of the public assistance 

programs were well-targeted to those who were exposed to the floods. The GR program 

was better targeted than the VGF program. However, the reason that VFVAR is significant in 

Round 3 could be that those assistance programs were no longer sustained (a year after the 

initial onset of the floods). It may also be possible that by Round 3, the effects of the floods 

through a weaker rural economy and a worsened labour market began to affect households. 

They too may have become more vulnerable because some of the households may have 

spent most of their savings. Without further research, the specific reasons for the variation 

in floods effects cannot be determined a priori. 

 

Compared to previous rounds, in Round 3 all asset variables were significant and positive 

determinants of calorie consumption. Though landholding was predicted to have smaller 

effects compared to Round 2 and livestock was predicted to have smaller effects compared 

to Round 1. Total female education maintained a similar effect throughout the rounds but 

was most significant in Round 3. Compared to earlier rounds, food credit had a stronger 

predicted effect (1.01%) but was much less significant at only the 10% level. Unlike Round 2 

but consistent with Round 1, age had a positive relationship with welfare but had a stronger 

effect. At the mean, the marginal effect of additional age was predicted to be (-0.0882 + 

2*0.011*4.5 = 0.017). This was approximately equivalent a 1.7% consumption to households 

did not have the mean head’s age.  
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The insignificance of loans in subsequent rounds 

Borrowing money to cope with the 1998 floods had been extensively accounted for in 

previous research (see Del Ninno et al., 2003; Khandker, 2007). Thus, it is important to note 

that as a determinant of calorie consumption, loans were only significant in Round 1. 

The lack of significance in subsequent rounds can be perhaps accounted for in two ways. 

Firstly, borrowing-related coping strategies led to greater outstanding debts (Quisumbing 

and Mueller, 2010) and the exacerbated debt-burden reduced their welfare (Del Ninno et 

al., 2003). Secondly, whilst borrowing peaked just during the time of the floods (outstanding 

loans increased from 9.38% in December, 1997 to 66.31% in November, 1998 [Del Ninno et 

al., 2003]), it gradually fell over time (Khandker, 2007). The fall in borrowing could be 

because households no longer required loans, had accumulated substantial debts or lack of 

availability and access to credit. Interestingly, Khandkher (2007) noticed that there was a 

significant shift in the loan portfolio of borrowers before and after the floods. The share of 

microcredit loans dropped dramatically from 82% to 67% and this reduction was 

compensated by increased in formal and informal sector loans. This highlights the 

importance of providing adequate amounts and types of credit facilities that can assist 

households after a natural shock without causing significant reductions in long-term 

welfare. 

 

Concluding remarks 

Model 2 was used to identify those household characteristics that were significant 

determinants of household welfare. We examined the relationship using static cross-section 

models as well as dynamically. When comparing the results across the round, there was 

some consistency in terms of the significant variables that determined household calorie 

consumption. The consistently significant variables across all of the rounds were consumer 

assets, female education and food credit purchases. Borrowing money was a temporary 

coping strategy that had an immediate effect in Round 1 only. Age had a positive 

relationship with welfare in Rounds 1 and 3 but was insignificant in Round 2. Household 

landholding and livestock were significant in most rounds but not in some. It is unclear what 

caused the fluctuation but it may be that in some rounds crops were not able to be grown 

(for HTOTLAND) and markets were not favourable for drawing-down assets (for LIVESTOCK). 
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Overall, the model 2 analysis reveals that the floods were not endogenous under the 

specifications that were tested. The main flood exposure variable (VFVAR) remains 

significant and strong despite the inclusion of additional control variables such as assets and 

demographic variables. This finding is helpful to permit a comparison of the results of the 

explanatory variables between exposed and non-exposed households. Moreover, we have 

been able to identify several of the characteristics that are significant in determining the 

calorie outcomes for households. This provides justification to proceed to Model 3 to 

interact the household characteristics with flood exposure.  

 

5.3: MODEL 3 RESULTS 

 

Extending further with Model 2, in this section interaction terms were included. To determine 

which characteristics mitigate the effects of the flood, either individually or collectively,   and   

tests can be used. In addition, the Chow test was used to test the slopes across the exposed and 

non-exposed categories. To further assist in interpreting the effects of the interactions on 

calorie consumption, an elasticity measure was developed.35  

 

Econometric specification 

From the full specification in Model 2, interaction terms are included individually across the 

columns for each characteristic. The full interactions model incorporating all of the 

characteristics is presented in the final columns of the tables that follow. In addition, the 

household characteristics were interacted with VFVAR only because that was identified as the 

more significant and stronger determinant of the effect of the floods on household welfare. 

HHSIZE and SEX, AGEY and AGEY2 are included as controls without being interacted. Interacting 

age variables tended to distort the significance of VFVAR and further were not significant even 

at the generous 10% level.  

 

Analysis of results and discussion 

 

 

                                                        
35

 The derivation of the elasticity at the mean value (  ( ̅)    ̂ .
 ̅

 ̂  ̂  ̅
/) is provided in Appendix  

5. 
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a. Round 1 

The results for the Round 1 models are presented below. 

Table 9: Interactions term results for Round 1 

Explanatory 
variables 

(1) (2) (3) (4) (5) (6) (7) (8) 

FVAR 0.0048 0.0050 -0.0001 0.0045 0.0050 0.0055 0.0087 0.0086 

 (0.0432) (0.0434) (0.0430) (0.0432) (0.0427) (0.0428) (0.0442) (0.0439) 

VFVAR -0.1426** -0.1393** -0.1901*** -0.1393* -0.1702** -0.1532** -0.2836*** -0.3184*** 

 (0.0647) (0.0686) (0.0687) (0.0733) (0.0672) (0.0672) (0.0844) (0.0904) 

CONSASSETS 0.0015** 0.0014*** 0.0015*** 0.0014*** 0.0014*** 0.0014*** 0.0013** 0.0024*** 

 (0.0006) (0.0005) (0.0006) (0.0005) (0.0005) (0.0005) (0.0006) (0.0007) 

interaction -0.0003       -0.0013 

 (0.0010)       (0.0011) 

HTOTLAND 0.0001 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001 0.0005** 

 (0.0002) (0.0002) (0.0002) (0.0002) (0.0002) (0.0002) (0.0002) (0.0003) 

interaction  -0.0000      -0.0006 

  (0.0003)      (0.0004) 

LIVESTOCK 0.0500*** 0.0499*** 0.0107 0.0503*** 0.0513*** 0.0502*** 0.0526*** -0.0104 

 (0.0149) (0.0149) (0.0251) (0.0147) (0.0149) (0.0148) (0.0147) (0.0327) 

interaction   0.0548*     0.0839** 

   (0.0319)     (0.0420) 

EDUCA 0.0019 0.0019 0.0014 0.0031 0.0017 0.0020 0.0031 0.0070 

 (0.0045) (0.0045) (0.0046) (0.0075) (0.0045) (0.0045) (0.0045) (0.0091) 

interaction    -0.0016    -0.0078 

    (0.0087)    (0.0117) 

FMAXEDUCA 0.0048* 0.0048* 0.0051* 0.0048* 0.0010 0.0049* 0.0048* -0.0005 

 (0.0027) (0.0027) (0.0027) (0.0027) (0.0040) (0.0027) (0.0026) (0.0050) 

interaction     0.0056   0.0085 

     (0.0047)   (0.0060) 
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FOODCRED 0.0091*** 0.0091*** 0.0092*** 0.0091*** 0.0093*** 0.0069* 0.0090*** 0.0079** 

 (0.0017) (0.0016) (0.0017) (0.0016) (0.0017) (0.0039) (0.0016) (0.0039) 

interaction      0.0026  0.0015 

      (0.0046)  (0.0047) 

LNLOANTOTAL 0.0081** 0.0080** 0.0087** 0.0080** 0.0083** 0.0081** -0.0076 -0.0064 

 (0.0039) (0.0039) (0.0039) (0.0039) (0.0039) (0.0039) (0.0061) (0.0061) 

interaction       0.0227** 0.0217** 

       (0.0088) (0.0089) 
cons 8.3250*** 8.3223*** 8.3499*** 8.3223*** 8.3458*** 8.3282*** 8.4046*** 8.4016*** 

 (0.1758) (0.1827) (0.1796) (0.1746) (0.1790) (0.1745) (0.1715) (0.1774) 
         

N 709 709 709 709 709 709 709 709 
adj. R-sq 0.107 0.107 0.111 0.107 0.108 0.107 0.115 0.117 

Standard errors in parentheses 
* p<0.10, ** p<0.05, *** p<0.01 
Note: HHSIZE, AGEY, AGEY2 and SEX were included in the regression but not reported. 
The Chow test statistic in the full model (column 8) was 2.18 with an associated p-value of 0.0407. 
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In the Round 1 results, VFVAR was significant across all of the columns as is expected based 

from the Model 2 results. In the full model in column 9, households that lived in floods-exposed 

villages are predicted to consume up to 31.84% (1% significance level) fewer calories than non-

exposed households. The inclusion of interaction terms had resulted in a larger effect. However, 

when the interaction terms are included individually in columns 1 to 8, the size of VFVAR was 

similar to Model 2.  

 

Of all of the interaction terms, only livestock was significant when introduced individually in 

column 3 as well as in the full interactions model in column 8. In the full model, the partial effect 

of livestock is only significant for exposed households – the hypothesis that the coefficient 

estimate of livestock was equal to zero could not be rejected even at the 10% significance level. 

Thus, when considering the partial effect of the flood alone (     ), additional livestock raised 

consumption by up to 8.39% (5% significance level). This meant that livestock assets mitigated 

approximately one quarter of the effect of flood exposure (if      ). The elasticity for livestock 

can be calculated as:    (      )         .
      

                       
/          . 

Thus, holding all other factors constant, another 1% of livestock at the (within sample) mean 

level, is expected to reduce the (adverse) effects of the flood by 19.04%. This is quite large when 

compared to the actual size of the effect of the floods. 

 

Disregarding the interaction terms, it is evident that consumer assets, total landholding, age and 

food credit were still significant determinants of calorie outcome. Also, female education and 

loans were significant determinants of calorie consumption but only if their respective 

interaction terms are not included (compare columns 6 and 8 with column 9 respectively for 

each variable. This suggests that the characteristics had an effect on calorie consumption but 

only if the household was not exposed to the flood. This exercise also demonstrates that by 

disaggregating the flood-exposure categories, one can identify which groups of households 

benefit from certain characteristics. So in Model 2, when the determinants of calorie 

consumption were identified, it wasn’t clear which category of exposed households were 

experiencing the same returns to their characteristics. 
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b. Round 2 

Table 10: Interactions term results for Round 2 

Explanatory 
variables 

(1) (2) (3) (4) (5) (6) (7) (8) 

FVAR -0.0258 -0.0209 -0.0256 -0.0264 -0.0264 -0.0251 -0.0261 -0.0264 
 (0.0380) (0.0383) (0.0382) (0.0380) (0.0372) (0.0378) (0.0382) (0.0383) 

VFVAR -0.0279 0.0097 -0.0309 -0.0008 0.0138 -0.0199 0.0060 0.0620 
 (0.0588) (0.0652) (0.0652) (0.0633) (0.0608) (0.0625) (0.0712) (0.0837) 

CONSASSETS 0.2639*** 0.1364* 0.1389* 0.1429* 0.1446* 0.1367* 0.1408* 0.2344*** 
 (0.0343) (0.0762) (0.0766) (0.0761) (0.0776) (0.0765) (0.0767) (0.0567) 

interaction -0.1400*       -0.1022 
 (0.0985)       (0.1036) 

HTOTLAND 0.0005*** 0.0008*** 0.0005*** 0.0005*** 0.0005*** 0.0005*** 0.0005*** 0.0010*** 
 (0.0001) (0.0002) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0003) 

interaction  -0.0004**      -0.0006** 
  (0.0002)      (0.0003) 

LIVESTOCK 0.0064 0.0036 0.0062 0.0061 0.0044 0.0060 0.0067 -0.0566* 
 (0.0118) (0.0119) (0.0252) (0.0118) (0.0120) (0.0119) (0.0119) (0.0362) 

interaction   0.0007     0.0757* 
   (0.0289)     (0.0421) 

EDUCA 0.0018 0.0013 0.0017 0.0097 0.0017 0.0015 0.0017 0.0003 
 (0.0035) (0.0035) (0.0035) (0.0087) (0.0035) (0.0034) (0.0034) (0.0090) 

interaction    -0.0111    0.0009 
    (0.0107)    (0.0112) 

FMAXEDUCA 0.0053** 0.0054*** 0.0053** 0.0053*** 0.0121*** 0.0052** 0.0052** 0.0117*** 
 (0.0023) (0.0022) (0.0023) (0.0023) (0.0045) (0.0023) (0.0023) (0.0044) 

interaction     -0.0093*   -0.0083* 
     (0.0055)   (0.0055) 

FOODCRED 0.0063*** 0.0067*** 0.0066*** 0.0062*** 0.0061*** 0.0100** 0.0067*** 0.0092* 
 (0.0021) (0.0020) (0.0020) (0.0020) (0.0020) (0.0049) (0.0020) (0.0051) 

interaction      -0.0048  -0.0036 
      (0.0060)  (0.0060) 

LNLOANTOTAL -0.0012 -0.0016 -0.0013 -0.0014 -0.0015 -0.0012 0.0046 0.0037 
 (0.0031) (0.0031) (0.0031) (0.0031) (0.0031) (0.0031) (0.0063) (0.0065) 
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interaction       -0.0083 -0.0076 
       (0.0079) (0.0081) 

cons 8.1714*** 8.1414*** 8.1791*** 8.1511*** 8.1416*** 8.1626*** 8.1584*** 8.0734*** 
 (0.1549) (0.1560) (0.1549) (0.1617) (0.1567) (0.1575) (0.1555) (0.1609) 
         

N 736 736 736 736 736 736 736 736 
adj. R-sq 0.122 0.125 0.121 0.123 0.125 0.122 0.122 0.126 

Standard errors in parentheses 
* p<0.10, ** p<0.05, *** p<0.01 

Note: HHSIZE, AGEY, AGEY2 and SEX were included in the regression but not reported. 

The Chow test statistic in the full model (column 8) was 1.81 with an associated p-value of 0.0920. 
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In the Round 2 interactions terms models, just like in Model 2, flood-exposure was no longer 

significant.  

 

Only the interaction terms on landholding, livestock and female education were significant. 

Specifically, only livestock directly mitigated some of the effects of the flood. The interaction 

term here was larger than in Round 1 (0.0757) though it was only significant at the 10% level. 

The descriptive statistics show that 120 livestock animals form 101 households were consumed 

in Round 2. The stronger effect of livestock ownership in Round 2 could be explained by the fact 

that more livestock were consumed in Round 2 compared to Round 1. Also, by Round 3 

households had fewer livestock. Landholding and female education were found to be beneficial 

for both exposed and non-exposed households, though lower for the former category. An 

additional 100 decimals of land holding increased calorie consumption for non-exposed and 

exposed households marginally by 0.1% and 0.04% respectively. These variables were also 

significant when considered individually as well as in the full model. The interaction on 

consumer assets was significant though only when interacted individually in column 1. There, an 

additional 100 taka of consumer assets increased calorie consumption for non-exposed and 

exposed households by 26.39% and 12.36% respectively. It is possible that due to fewer degrees 

of freedom in the full model, the interaction on consumer assets had too high standard errors. 

 

Hence, these results show that assets are important determinants for raising calorie 

consumption even if the household lived in an exposed village. Whilst they were not able to 

directly mitigate the effects of the flood (apart from LIVESTOCK), they were beneficial for both 

exposed and non-exposed households (although unequally).  

 

Similar to consumer assets and land holding, female education did not directly mitigate the 

effects of the floods. However, an additional year of total female education was predicted to 

raise calorie consumption by 1.17% and 0.34% for non-exposed and exposed households 

respectively. Without further research, we can only state the observation that certain 

characteristics were less beneficial for exposed households than non-exposed households. 

However, the significance of these results highlight that simply identifying the determinants of 

calorie consumption can be misleading. This is because exposed households were evidently not 

benefiting as much as non-exposed households. 
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c. Round 3 

Table 11: Interactions term results for Round 2 

Explanatory 
variables 

(1) (2) (3) (4) (5) (6) (7) (8) 

FVAR 0.0303 0.0346 0.0314 0.0296 0.0298 0.0317 0.0309 0.0302 

 (0.0409) (0.0415) (0.0410) (0.0415) (0.0414) (0.0409) (0.0412) (0.0426) 

VFVAR -0.0980* -0.0648* -0.0926* -0.0586* -0.0573 -0.0892* -0.0771* -0.0235 

 (0.0516) (0.0555) (0.0567) (0.0552) (0.0554) (0.0517) (0.0651) (0.0719) 

CONSASSETS 0.0026 0.0052** 0.0051** 0.0047* 0.0046* 0.0051** 0.0049* 0.0008 

 (0.0032) (0.0024) (0.0025) (0.0025) (0.0025) (0.0024) (0.0025) (0.0030) 

interaction 0.0046*       0.0068* 

 (0.0042)       (0.0042) 

HTOTLAND 0.0004*** 0.0006*** 0.0004*** 0.0004*** 0.0004*** 0.0004*** 0.0004*** 0.0007*** 

 (0.0001) (0.0002) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0002) 

interaction  -0.0003*      -0.0003* 

  (0.0002)      (0.0002) 

LIVESTOCK 0.0238*** 0.0235*** 0.0274* 0.0247*** 0.0236*** 0.0240*** 0.0240*** -0.0037 

 (0.0097) (0.0094) (0.0189) (0.0095) (0.0096) (0.0096) (0.0095) (0.0212) 

interaction   -0.0037     0.0323* 

   (0.0223)     (0.0261) 

EDUCA -0.0009 -0.0012 -0.0009 0.0091* -0.0009 -0.0008 -0.0010 0.0034 

 (0.0030) (0.0030) (0.0030) (0.0051) (0.0030) (0.0030) (0.0030) (0.0073) 

interaction    -0.0138**    -0.0066 

    (0.0065)    (0.0090) 

FMAXEDUCA 0.0064*** 0.0065*** 0.0064*** 0.0065*** 0.0121*** 0.0062*** 0.0064*** 0.0107*** 

 (0.0018) (0.0018) (0.0018) (0.0018) (0.0032) (0.0018) (0.0018) (0.0038) 

interaction     -0.0078**   -0.0055* 

     (0.0036)   (0.0046) 

FOODCRED 0.0086* 0.0090* 0.0087* 0.0079* 0.0081* 0.0165*** 0.0086* 0.0149*** 

 (0.0056) (0.0054) (0.0056) (0.0053) (0.0055) (0.0039) (0.0056) (0.0036) 
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interaction      -0.0218***  -0.0195*** 

      (0.0052)  (0.0050) 

LNLOANTOTAL -0.0016 -0.0018 -0.0018 -0.0021 -0.0018 -0.0017 0.0015 0.0013 

 (0.0031) (0.0031) (0.0031) (0.0032) (0.0031) (0.0031) (0.0063) (0.0066) 

interaction       -0.0045 -0.0042 

       (0.0077) (0.0080) 
cons 8.2711*** 8.2434*** 8.2677*** 8.2386*** 8.2409*** 8.2617*** 8.2553*** 8.2005*** 

 (0.1513) (0.1540) (0.1510) (0.1506) (0.1515) (0.1510) (0.1489) (0.1525) 

N 721 721 721 721 721 721 721 721 
adj. R-sq 0.116 0.118 0.115 0.118 0.118 0.118 0.116 0.117 

Standard errors in parentheses 
* p<0.10, ** p<0.05, *** p<0.01 

Note: HHSIZE, AGEY, AGEY2 and SEX were included in the regression but not reported. 

The Chow test statistic in the full model (column 8) was 3.44 with an associated p-value of 0.0037. 
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As found in Model 2, the village flood variable was significant across all of columns except 

column 5 and 8. This appears to be due to an association between female education and flood 

exposure. The precise reasons for this are unclear. In Round 3, the interaction terms on all of the 

asset variables were significant. Consumer assets and livestock directly mitigated some of the 

effects of the flood, the coefficient estimate predicted 0.68% and 3.23% higher calories 

respectively for exposed households. These were significant at the 10% level only. Landholding 

also displayed a marginal positive relationship but was higher for non-exposed (0.0007) to 

exposed households (0.0004). The lower interaction effect on livestock in Round 3 compared to 

the previous rounds could be due to the fact that many households had sold their livestock by 

Round 3. This shows that the effect of livestock decreased over time. 

 

Consistent with Rounds 1 and 2, female education was also beneficial in Round 3 for 

households. For exposed and non-exposed households, an additional year of female education 

was predicted to raise calorie consumption by 0.55% and 1.07% respectively.  Again without 

further research, it can only be suggested that households with educated females and that lived 

in exposed villages were unable to utilise their human capital because of slower job markers 

across various sectors. 

 

Of the financial capital variables, only the interaction on food credit was significant. It appeared 

to exacerbate the effect of the floods for exposed households whilst being beneficial for non-

exposed households. In the column 8 full model, the marginal effect of food credit was 1.49 and 

-0.0046 for non-exposed and exposed households respectively. These results for food credit 

were both significant at the 1% significance level.  These findings perhaps highlight that whilst 

food credit and loans were beneficial for households in Round 1 as positive determinants of 

calorie consumption, by Round 3 they became burdensome for households. These results are 

consistent with Del Ninno et al.’s (2003) conclusion that borrowing delayed misery for many 

households in the aftermath of the floods. Once again, it is evident that the finding that a 

characteristic such as food credit was a positive determinant of calorie consumption in Model 2 

masked the discrepancies between flood-exposure categories.  
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Rice Price Interactions 

 

In Model 1, the price of rice was found to be a significant indirect channel through which the 

floods affected household welfare. Here, we test the hypothesis that household characteristics 

mitigated some of the adverse effects of higher rice prices. The results for this model, building 

on the base model, are presented in Table 12 below. 

 

Except for column 2, the effects of rice prices were robust across all of the columns and 

maintained the expected negative sign. Other than food credit, none of the interaction terms 

were significant. The Chow test also showed that even at the 10% significance level there was 

the difference in the slopes between exposed and non-exposed households was not statistically 

different from zero. For exposed households, purchasing food on credit appeared to lower the 

effects of higher rice prices. In the full model in column 8, the predicted effect was 0.23% (5% 

significance level). It may be suggested that the ability to obtain food on credit was beneficial in 

circumstances where households could not afford food due to higher market prices.  
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Table 12: Model 3 results for Round 1 calorie consumption using rice price interactions 

Explanatory 
variables 

(1) (2) (3) (4) (5) (6) (7) (8) 

RICEPRICE -0.0352** -0.0259 -0.0331* -0.0334** -0.0386** -0.0460** -0.0377** -0.0431** 
 (0.0164) (0.0167) (0.0187) (0.0159) (0.0179) (0.0183) (0.0178) (0.0215) 

CONSASSETS -0.0091 0.0015*** 0.0014*** 0.0014*** 0.0015*** 0.0015*** 0.0014*** -0.0151 
 (0.0088) (0.0005) (0.0005) (0.0005) (0.0005) (0.0005) (0.0005) (0.0131) 

interaction 0.0007       0.0010 
 (0.0005)       (0.0008) 

HTOTLAND 0.0001 0.0010 0.0001 0.0001 0.0001 0.0001 0.0001 0.0018 
 (0.0002) (0.0013) (0.0002) (0.0002) (0.0002) (0.0002) (0.0002) (0.0016) 

interaction  -0.0001      -0.0001 
  (0.0001)      (0.0001) 

LIVESTOCK 0.0545*** 0.0503*** 0.0435 0.0528*** 0.0534*** 0.0510*** 0.0525*** 0.0117 
 (0.0149) (0.0139) (0.1224) (0.0143) (0.0144) (0.0142) (0.0144) (0.1652) 

interaction   0.0006     0.0023 
   (0.0077)     (0.0102) 

EDUCA 0.0020 0.0021 0.0020 -0.0016 0.0020 0.0019 0.0022 0.0218 
 (0.0045) (0.0045) (0.0045) (0.0307) (0.0045) (0.0045) (0.0046) (0.0421) 

interaction    0.0002    -0.0012 
    (0.0019)    (0.0025) 

FMAXEDUCA 0.0057** 0.0060** 0.0057** 0.0057** -0.0098 0.0053** 0.0058** -0.0126 
 (0.0027) (0.0028) (0.0027) (0.0027) (0.0187) (0.0026) (0.0027) (0.0255) 

interaction     0.0009   0.0011 
     (0.0011)   (0.0015) 

FOODCRED 0.0086*** 0.0086*** 0.0086*** 0.0086*** 0.0085*** -0.0313** 0.0086*** -0.0293 
 (0.0017) (0.0017) (0.0017) (0.0017) (0.0017) (0.0150) (0.0017) (0.0186) 

interaction      0.0024***  0.0023** 
      (0.0009)  (0.0011) 

LNLOANTOTAL 0.0077** 0.0071* 0.0075* 0.0075* 0.0077** 0.0077** -0.0078 0.0023 
 (0.0038) (0.0038) (0.0038) (0.0039) (0.0038) (0.0038) (0.0272) (0.0267) 

interaction       0.0009 0.0003 
       (0.0016) (0.0016) 

_cons 8.8332*** 8.6794*** 8.8011*** 8.8060*** 8.8888*** 9.0020*** 8.8783*** 8.9414*** 
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 (0.3379) (0.3337) (0.3691) (0.3239) (0.3547) (0.3633) (0.3612) (0.4002) 

N 709 709 709 709 709 709 709 709 
adj. R-sq 0.108 0.108 0.107 0.107 0.108 0.113 0.107 0.111 

Standard errors in parentheses 
* p<0.10, ** p<0.05, *** p<0.01 

Note: HHSIZE, AGEY, AGEY2 and SEX were included in the regression but not reported. 

The Chow test statistic in the full model (column 8) was 1.52 with an associated p-value of 0.1677. 
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Concluding remarks 

Overall, the characteristics that mainly influenced the effect of the floods across rounds were 

livestock assets, consumer assets, total landholding, female education and food credit 

purchases. Only livestock assets were robust across all rounds and directly mitigated some of 

the effects of the flood. However, the results of the coefficient estimates of consumer assets, 

landholding and female education showed that these benefitted both exposed and non-exposed 

households. Though, the interaction terms indicated that the net effect on exposed households 

would be lower than for non-exposed households. In a similar way, in Round 3, the interaction 

on food credit was negative and significant. This suggested that exposed households were 

worse off whilst non-exposed households benefited from additional food credit purchases.  

 

The significant differences in outcomes between exposed and non-exposed households cannot 

easily be explained without further research. However, at least the results suggest simply 

identifying the determinants of household welfare masked the differences between exposure 

categories. Policy makers may consider this an important distinction when designing 

appropriate response strategies to adverse natural shocks. 

 

Lastly, interactions using rice prices did not reveal consistent results because most of the 

interaction terms were insignificant. Only, food credit appeared to mitigate some of the effects 

of higher prices on household welfare.  
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CHAPTER 6: ROBUSTNESS CHECKS USING PROTEIN 

CONSUMPTION 

 

To check the robustness of the calorie consumption results across the three models, the 

models are re-tested using protein consumption. This is a useful dependent variable to 

undertake robustness checks because it is an indicator of nutritional well-being. Protein is 

an essential nutrient that is needed by all humans for growth and maintenance. However, 

protein deficiency is common in developing countries and can result in serious illnesses and 

even death (Bodwell, 1979). Protein deficiency can also lead to reduced intelligence or 

mental retardation. It has been found that households sometimes maintain aggregate 

calorie consumption by substituting less nutritious foods (Skoufias, 2003b). So it can be 

expected that protein consumption will be more badly affected by the floods than calorie 

consumption. In the following models, protein consumption is recorded on an adult-

equivalent basis to account for the household composition.36 Also, the logarithmic form 

(LNAEPROT) is used for the same reasons as for calorie consumption.  

 

Summary statistics 

First, the mean protein consumption across the rounds and the variances for exposed and 

non-exposed households are compared in the following table and figure. 

 

Table 13: Summary statistics of protein consumption across rounds 

Round Overall Exposed Non-exposed 

 

Mean SD Mean SD Mean SD 

1 100.9656 43.03271 100.1052 44.38057 103.1046 39.50001 

2 115.6368 50.43594 115.1361 50.21358 116.8873 51.08463 

3 120.815 49.48118 119.6614 50.35802 123.6118 47.28688 

 

 

                                                        
36

 Outlier observations were removed: where AEPROT> 400 or < 20. 
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From the descriptive statistics, protein consumption did not vary greatly between flood 

categories. In Round 1, exposed households consumed, on average, 100.11 grams of 

protein, and this was just slightly less than for all households (100.97). Non-exposed 

households consumed slightly more at 103.11 grams of protein on average. However, in 

subsequent rounds, protein consumption increased for all groups in a relatively similar rate. 

The growth of protein consumption is shown in Figure 4 below. 

 

Figure 4 Mean protein consumption across rounds 

 

 

6.1 MODEL 1 

Table 14: Model 1 results for protein consumption across rounds 

 (1) (2) (3) 

Dependent 
variable 

Round 1 Round 2 Round 3 

R1_fvar 0.0205 -0.0112 -0.0454 
 (0.0529) (0.0537) (0.0557) 

R1_Vfvar -0.1079 -0.0145 -0.0086 
 (0.0758) (0.0850) (0.0740) 

cons 4.5399*** 4.5687*** 4.6918*** 
 (0.0885) (0.0996) (0.0748) 

N 749 741 723 
adj. R-sq 0.007 -0.003 -0.001 
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In Model 1, unlike for adult-equivalent calorie consumption, the flood did not appear to 

have any effects on household adult-equivalent calorie consumption across any of the 

rounds. This was the same whether one considered the household level flood exposure or 

the village-level flood exposure. However, the sign on the flood exposure variables remains 

consistently negative. Only, the FVAR has a positive sign in Round 1 (column 1). That is 

consistent with the results from Model 1 when calorie consumption was used. The fact that 

the flood variables are not consistent across the rounds provides justification to focus on 

the Round 1 variables. 

 

6.2 MODEL 2 

Table 15: Model 2 results for Round 1 Protein Consumption 

Variables (1) (2) (3) (4) (5) (6) 

FVAR 0.0223 0.0194 0.0246 0.0051 0.0065 0.0125 

 (0.0515) (0.0559) (0.0532) (0.0532) (0.0540) (0.0545) 

VFVAR -0.0778 -0.0868 -0.0647 -0.1267 -0.0884 0.0055 

 (0.0729) (0.0786) (0.0756) (0.0782) (0.0782) (0.0844) 

CONSASSETS 0.0039***  0.0027***  0.0028*** 0.0027*** 

 (0.0009)  (0.0009)  (0.0008) (0.0008) 

HTOTLAND 0.0185  0.0065  0.0092 0.0170 

 (0.0151)  (0.0149)  (0.0140) (0.0139) 

LIVESTOCK 0.0424***  0.0482***  0.0540*** 0.0557*** 

 (0.0155)  (0.0156)  (0.0149) (0.0136) 

AGEY  -0.1051 -0.1129  -0.1653* -0.1982** 

  (0.0813) (0.0833)  (0.0850) (0.0824) 

AGEY2  0.0130 0.0132  0.0178** 0.0213** 

  (0.0082) (0.0086)  (0.0087) (0.0085) 

EDUCA  0.0133** 0.0094*  0.0066 0.0055 

  (0.0053) (0.0053)  (0.0053) (0.0051) 

FMAXEDUCA  0.0101*** 0.0082***  0.0097*** 0.0082*** 

  (0.0031) (0.0030)  (0.0029) (0.0027) 

FOODCRED    0.0083*** 0.0108*** 0.0120*** 

    (0.0022) (0.0023) (0.0021) 

LNLOANTOTAL    0.0444*** 0.0377*** 0.0375*** 

    (0.0129) (0.0133) (0.0129) 
cons 4.5820*** 4.7291*** 4.7875*** 4.5493*** 4.9417*** 4.6970*** 

 (0.0880) (0.1998) (0.2019) (0.0860) (0.2064) (0.2032) 

N 749 717 717 749 717 717 
adj. R-sq 0.062 0.053 0.086 0.039 0.126 0.182 

Standard errors in parentheses 
* p<0.10, ** p<0.05, *** p<0.01 
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Notes: HHSIZE and SEX were included in the regression but not reported. 

 

Just as was evident in Model 1, there is no significant effect of the floods on protein 

consumption even after additional groups of household characteristics were included in the 

specification. Nonetheless, the determinants of protein consumption were very similar to 

the determinants of calorie consumption. Though, unlike for calorie consumption, the 

head’s education was a significant determinant of calorie consumption – though not in the 

full specification models in columns 5 and 6. The size of the determinants, such as consumer 

assets and livestock, were slightly larger for protein consumption than for calorie 

consumption. In the full model in column 5, consumer assets, livestock, head’s education, 

female education and age had positive effects and were each at least significant at the 5% 

level. The reasons that were postulated for the determinants of calorie consumption are 

applicable here as well due to the similar nutrition and well-being outcome. Though, the 

strong significance of female education can be attributed to the nexus between female 

education and better nutritional standards in the household. Female education has been 

found to be strongly associated with better health, nutrition, improved hygiene, higher child 

survival rates and lower fertility levels (Browne and Barrett, 1991).  
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6.3 MODEL 3 

Table 16: Model 3 results for Round 1 Protein Consumption 

Explanatory 
variables 

(1) (2) (3) (4) (5) (6) (7) (8) 

FVAR 0.0069 0.0079 0.0066 0.0048 0.0057 0.0096 0.0069 0.0144 
 (0.0546) (0.0546) (0.0548) (0.0551) (0.0543) (0.0537) (0.0553) (0.0548) 

VFVAR -0.0808 -0.0644 -0.0768 -0.0467 -0.1051 -0.1316* -0.1378 -0.1609 
 (0.0802) (0.0831) (0.0861) (0.0957) (0.0888) (0.0751) (0.0909) (0.1010) 

CONSASSETS 0.0040*** 0.0031*** 0.0030*** 0.0029*** 0.0031*** 0.0030*** 0.0030*** 0.0037*** 
 (0.0008) (0.0008) (0.0008) (0.0008) (0.0009) (0.0008) (0.0008) (0.0010) 

interaction -0.0017       -0.0013 
 (0.0013)       (0.0016) 

HTOTLAND 0.0001 0.0003 0.0001 0.0001 0.0001 0.0001 0.0001 0.0003 
 (0.0001) (0.0002) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0003) 

interaction  -0.0002      -0.0002 
  (0.0003)      (0.0004) 

LIVESTOCK 0.0512*** 0.0511*** 0.0612** 0.0529*** 0.0532*** 0.0524*** 0.0533*** 0.0545 
 (0.0151) (0.0152) (0.0270) (0.0149) (0.0152) (0.0150) (0.0151) (0.0397) 

interaction   -0.0120     -0.0003 
   (0.0335)     (0.0483) 

EDUCA 0.0082 0.0079 0.0083 0.0191* 0.0080 0.0084 0.0086 0.0262** 
 (0.0053) (0.0053) (0.0053) (0.0098) (0.0053) (0.0053) (0.0053) (0.0126) 

interaction    -0.0149    -0.0245 
    (0.0114)    (0.0152) 

FMAXEDUCA 0.0091*** 0.0093*** 0.0092*** 0.0093*** 0.0067 0.0095*** 0.0092*** 0.0010 
 (0.0029) (0.0029) (0.0029) (0.0029) (0.0045) (0.0030) (0.0029) (0.0053) 

interaction     0.0038   0.0126** 
     (0.0052)   (0.0061) 

FOODCRED 0.0106*** 0.0107*** 0.0108*** 0.0106*** 0.0109*** 0.0008 0.0108*** 0.0013 
 (0.0023) (0.0023) (0.0023) (0.0023) (0.0024) (0.0069) (0.0023) (0.0068) 

interaction      0.0121  0.0114 
      (0.0076)  (0.0076) 

LNLOANTOTAL 0.0009 0.0007 0.0007 0.0002 0.0010 0.0011 -0.0048 -0.0070 
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 (0.0040) (0.0040) (0.0041) (0.0041) (0.0041) (0.0040) (0.0078) (0.0082) 
interaction       0.0082 0.0106 

       (0.0105) (0.0109) 
cons 4.8719*** 4.8584*** 4.8730*** 4.8439*** 4.8915*** 4.8874*** 4.9069*** 4.8862*** 

 (0.2077) (0.2123) (0.2094) (0.2101) (0.2119) (0.2040) (0.2032) (0.2091) 

N 717 717 717 717 717 717 717 717 
adj. R-sq 0.116 0.116 0.115 0.117 0.115 0.119 0.115 0.119 

Standard errors in parentheses 
* p<0.10, ** p<0.05, *** p<0.01 

Note: HHSIZE, AGEY, AGEY2 and SEX were included in the regression but not reported. 

The Chow test statistic in the full model (column 8) was 1.94 with an associated p-value of 0.0687. 
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Just as for calorie consumption, most of the interactions terms for protein consumption 

were not significant. Even so, there were not many similarities in the interaction terms to 

suggest robustness in the results except for female education. For instance, whilst livestock 

was robust across all rounds for calorie consumption, here it had no significant effect. 

Female education interacted positively with flood exposure though it was significant only at 

the generous 10% level. Holding all other factors constant, an additional year of education 

increased protein consumption by 1.26%. This reinforces the importance of female 

education for the nutrition and health well-being of households as discussed above.  

 

Concluding remarks 

Although the floods affected aggregated welfare when calorie consumption was measured, 

they did not affect one specific nutritional aspect: protein consumption. Furthermore, the 

interaction terms of the characteristics in the calorie consumption models were not robust 

when tested with protein consumption except for the case of female education. However, 

many of the determinants of calorie consumption were robust for protein consumption. 

This highlights that those characteristics not only determine overall welfare but also one 

specific aspect of nutrition in the form of protein consumption. As the floods did not have a 

significant effect on protein consumption, there is little that can be otherwise concluded 

about the differences in results between calorie consumption and protein consumption.  
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CHAPTER 7: EXTENSIONS 

 

The Models above in Chapter 5 provided the core focus of the research in this thesis. In this 

chapter, the econometric framework is extended to other outcomes to develop a 

multidimensional understanding of poverty. Section 1 applies the framework to three 

alternative measures of food insecurity and poverty. Section 2 applies the framework to the 

head’s employment and children schooling attendance. The analysis is restricted to Round 1 

to study the immediate effects of the flood.  

 

7.1 Nutrition, vulnerability and calorie consumption 

First, it can be noted that it is useful to consider vulnerability and calorie consumption 

together. This is because lower consumption is associated with lower health and 

productivity and can perpetuate vulnerability (Ghatak, 2010). Adopting Khandker (2007), 

vulnerability is defined here as the probability of being poor in the future. In other words, 

vulnerability is the probability that a household, with a per capita consumption of    and 

which is currently consuming less than a threshold level of consumption of   , will remain 

poor or fall into poverty: 

 

      (     ) (8)  

 

Following this, several binary dependent variables were created to encapsulate food 

poverty and vulnerability. 

 

Explanation of Variables 

The alternative dependent variables that are tested are explained below.  

Table 17 Alternative well-being dependent variables 

Variable Description Values 

FINSECURE Food insecure: household consumes 
<= 1805 pc calories and spends >= 
70% of budget on food 

Dummy, = 1 if household is 
food insecure 

HFPOV High level food poverty: household 
consumes  1805 pc calories 

Dummy, = 1 if pc calorie < 
1805 
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LFPOV Low level food poverty  - household 
consumes  2122 pc calories 

Dummy, = 1 if pc calorie <  
2122 

 

 

For the binary dependent variables, per capita calorie consumption at the household level 

has been used because this is the most common measure of vulnerability and food poverty 

by governments and researchers. The cut-offs for low-level food poverty (2212 pc calories) 

and high-level food poverty (1805 pc calories) are set by the Bangladesh Bureau of Statistics 

(see BBS, 1998). 

 

Econometric Approach 

The limited dependent model (LPM) that uses OLS estimation has some serious drawbacks. 

The LPM can predict values that are outside the expected range of the dependent variable. 

Also, the LPM assumes a constant partial effect regardless of the value of the   at which the 

partial effect is being studied. Thus, for the following limited dependent variables, probit 

models were used based on maximum likelihood estimators (MLE).  

Interpretation caveats 

In these extension sections, the main purpose of the exercise is to identify significant terms 

and the directions of the causal relations. For the probit model, the precise partial effects 

will vary depending on the chosen value of the explanatory variables (Wooldridge, 2006). 

Here, the average partial effects (APE) are reported.  

 

Model 1 

Table 18: Model 1 results for food security and poverty 

 (1) (2) (3) 

Explanatory 
variable 

FINSECURE HFPOV LFPOV 

FVAR -0.1978 0.0974 -0.0300 
 (0.2231) (0.1865) (0.1715) 

VFVAR 0.6118** 0.6598*** 0.6569*** 
 (0.2845) (0.2339) (0.2145) 

cons -1.3892*** -1.0752*** -0.4913*** 
 (0.1394) (0.1187) (0.1033) 

N 757 757 757 
pseudo R-sq 0.012 0.032 0.023 
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Log lik. -303.0640 -449.8973 -512.1131 
Chi-squared 7.0593 29.9155 24.3728 

Standard errors in parentheses 
* p<0.10, ** p<0.05, *** p<0.01 

Note: HHSIZE and SEX were included in the regression but were not reported. 

 

In Model 1, there is consistency in the effects of the floods across all of the variables. The APE 

indicated that the village-level flood was predicted to increase the probability of being food 

insecure and being high and low level food poverty by 0.6118, 0.6598 and 0.6569 respectively. 

The coefficients on the latter two models were significant at the 1%. These results show that the 

floods had much worse effects on households that were extremely food insecure and poor. 

 

Model 2 

Table 19: Model 2 results for food security and poverty 

 (1) (2) (3) 

Explanatory 
variable 

R1_finsecure R1_lfpov R1_hfpov 

FVAR -0.1695 0.1221 -0.0636 
 (0.2070) (0.2206) (0.1817) 

VFVAR 0.5855** 0.6361** 0.7371*** 
 (0.2925) (0.2898) (0.2621) 

CONSASSETS -0.0112 -0.0014 0.0006 
 (0.0116) (0.0035) (0.0029) 

HTOTLAND -0.1800** 0.0048 -0.0648 
 (0.0712) (0.0464) (0.0507) 

LIVESTOCK -0.1207 -0.2417*** -0.1843*** 
 (0.0739) (0.0599) (0.0487) 

AGEY 0.0748 0.2329 0.4426 
 (0.2923) (0.2910) (0.2699) 

AGEY2 -0.0082 -0.0286 -0.0518* 
 (0.0303) (0.0305) (0.0274) 

EDUCA 0.0015 -0.0110 -0.0122 
 (0.0196) (0.0173) (0.0155) 

FMAXEDUCA -0.0200 -0.0216* -0.0208** 
 (0.0160) (0.0124) (0.0101) 

FOODCRED -0.0164** -0.0311*** -0.0239*** 
 (0.0081) (0.0071) (0.0066) 

LNLOANTOTAL -0.0709 -0.1206** -0.1996*** 
 (0.0487) (0.0477) (0.0495) 

cons -1.2396* -1.2533* -0.7995 
 (0.6905) (0.7218) (0.6365) 

N 721 721 721 
pseudo R-sq 0.083 0.104 0.116 
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Log lik. -259.5289 -389.7852 -440.9686 
Chi-squared 37.6526 77.7983 77.4845 

Standard errors in parentheses 
* p<0.10, ** p<0.05, *** p<0.01 

Note: HHSIZE and SEX were included in the regression but were not reported. 

 

To test again possible endogeneity in the flood variables, the outcomes were regressed on the 

full version of the Model 2 framework. Across the three measures, the village-level effects were 

significant (to at least 5% level) and retained a similar coefficient size to Model 1.  

 

In terms of the determinants, only food credit consistently lowered the response probability for 

each measure. The respective APE across the columns was 0.0164, 0.0311 and 0.0239 

respectively with at least 5% significance level. Consistently with the results for calorie 

consumption, livestock was also beneficial here. The APE for high and low food poverty was 

0.2417 and 0.1843 respectively and was significant at the 1% level. Interestingly the APE of 

landholding (-0.1800) indicated that it significantly lowered the probability of becoming food 

insecure but not high or low food poverty. It appears that additional land assisted those 

households that were not only consuming fewer calories but were already spending a large 

proportion of their budgets on food. Female education was predicted to lower the response 

probability of high and low food poverty by 0.0216 and 0.0208 respectively. This was consistent 

with the findings from calorie and protein consumption that showed the importance of female 

education. Borrowing money was also predicted to lower the probability of these outcomes by 

0.1206 and 0.1196 respectively. It appears that compared to the calorie consumption measure, 

food credit and loans are important for households to avoid severe food insecurity and hunger 

in the aftermath of the floods.  

 

Model 3 

Table 20: Model 3 results for food security and poverty 

 (1) (2) (3) 

Explanatory 
variable 

R1_finsecure R1_lfpov R1_hfpov 

FVAR -0.1767 0.0987 -0.0676 
 (0.2108) (0.2130) (0.1798) 

VFVAR 0.7820 1.4043*** 1.2799*** 
 (0.5170) (0.4317) (0.3282) 

CONSASSETS 0.0116** -0.0151 -0.0071 
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 (0.0057) (0.0180) (0.0048) 
interaction -0.0401** 0.0145 0.0088 

 (0.0158) (0.0189) (0.0061) 
HTOTLAND -0.0038* -0.0022 -0.0027* 

 (0.0020) (0.0016) (0.0016) 
interaction 0.0022 0.0027 0.0024 

 (0.0022) (0.0018) (0.0018) 
LIVESTOCK -0.3206 -0.0869 0.0519 

 (0.2287) (0.1883) (0.1204) 
interaction 0.2292 -0.2109 -0.3043** 

 (0.2514) (0.2125) (0.1470) 
EDUCA -0.0864 -0.0581 -0.0016 

 (0.0589) (0.0509) (0.0399) 
interaction 0.1022 0.0558 -0.0211 

 (0.0661) (0.0584) (0.0477) 
FMAXEDUCA -0.0325 0.0107 -0.0056 

 (0.0372) (0.0286) (0.0190) 
interaction 0.0133 -0.0438 -0.0216 

 (0.0455) (0.0335) (0.0231) 
FOODCRED -0.0067 -0.0014 -0.0108 

 (0.0197) (0.0204) (0.0217) 
interaction -0.0119 -0.0347 -0.0144 

 (0.0220) (0.0228) (0.0237) 
LNLOANTOTAL 0.0925** 0.0676* -0.0042 

 (0.0371) (0.0345) (0.0259) 
interaction -0.0947** -0.1101*** -0.0553* 

 (0.0437) (0.0408) (0.0333) 
cons -1.2963* -1.4995** -0.7239 

 (0.7418) (0.7435) (0.6442) 

N 721 721 721 
pseudo R-sq 0.097 0.114 0.112 

Log lik. -255.5519 -385.4416 -442.9670 
Chi-squared 48.0028 102.0025 85.4650 

Standard errors in parentheses 
* p<0.10, ** p<0.05, *** p<0.01 

Note: HHSIZE, AGEY, AGEY2 and SEX were included in the regression but not reported. 

 

The model 3 results show that after introducing interaction terms, the village-level flood 

variable was only significant for the food poverty measures and not food insecurity. As for the 

interaction terms, there were not many similarities to the Model 3 results for calorie 

consumption. However, some useful observations could be made.  In column 1, the interaction 

on consumer assets (-0.0401) showed that it was predicted to lower the probability of being 

food insecure. For low-level food poverty, the interaction on livestock was significant with an 

APE of -0.2831 (though only significant at the 10% level). Interestingly, compared to the results 

for calorie consumption, the interaction terms on loans were robust across all three measures. 
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The APE of the interaction terms across the columns were -0.0947 (5% significance), -0.1101 (1% 

significance) and -0.0553 (10% significance) respectively. This highlights that borrowing funds in 

the aftermath of the floods was crucial to reduce the chances of facing extreme food poverty 

and insecurity compared to overall aggregated calorie consumption. 

 

7.2 Other Dependent Variables 

Finally, utilising the same framework, the analysis is extended to test several other 

important household outcomes. In particular these two outcomes have been discussed in 

previous literature: employment (Quisumbing and Mueller, 2010) and children’s school 

attendance (Yamauchi et al., 2010). The following analysis develops the analysis from Model 

1 to identify the flood exposure effect and the determinants of calorie consumption. 

 

Table 21 Alternative dependent variables 

Variable Description Values 

Work7a Whether head was 
employed in the past seven 
days of the survey. 

Dummy, =1 if household 
head was working in the past 
week of survey period 

Propdaysb Mean proportion of 
schooling days attended by 
children in household 

Limited dependent variable 
 ,   - 

Note:  

a. Where multiple household head’s were recorded, if at least one head was employed in the past 7 days, then 

an indicator of ‘1’ was given for the household.  

b. Based on Yamauchi et al. (2010), this was calculated by dividing number of school days attended as a 

proportion of all schooling days from October 15 – November 14. 

7.2.1 Head’s employment 

 

Model One 

Table 22: Model 1 results for head's employment 

 (1) 

Explanatory 
Variables 

R1_work7 

FVAR 0.4771** 
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 (0.2200) 
VFVAR -0.8850*** 

 (0.2811) 
cons 0.2069 

 (0.2308) 

N 751 
pseudo R-sq 0.047 

Log lik. -316.1279 
Chi-squared 33.1431 

Standard errors in parentheses 
* p<0.10, ** p<0.05, *** p<0.01 
Note: HHSIZE and SEX were included in the regression but were not reported. 

 

From Model 1 above, the village-level floods were predicted to significantly lower the 

probability of being employed with an APE of -0.8850. However, if a household was also 

individually exposed to the flood, the effect was lower than for those that were not individually 

exposed to the flood (0.8850 – 0.4771 =0.4079). It is reasonable to assume that employment 

was adversely affected by the flood. This is because of the 540 households that were employed, 

506 lived of them also lived in villages where at least 50% of households were affected. So the 

net effect of the floods (controlling for individual flood exposure) was still negative and 

significant. The positive relationship between FVAR and employment is perhaps due to the fact 

that when households were directly exposed to the floods, there was a greater imperative to 

work. 

 

Model Two 

Table 23: Model 2 results for head's employment 

Explanatory 
variables 

(1) (2) (3) (4) (5) 

FVAR 0.5012** 0.3786* 0.4117* 0.4466** 0.3770* 
 (0.2320) (0.2170) (0.2267) (0.2065) (0.2101) 

VFVAR -0.9371*** -0.8193*** -0.8796*** -0.8933*** -0.8789*** 
 (0.3020) (0.2773) (0.2960) (0.2726) (0.2840) 

CONSASSETS -0.0030  -0.0062**  -0.0053* 
 (0.0028)  (0.0030)  (0.0030) 

HTOTLAND -0.1124***  -0.0856*  -0.0663 
 (0.0435)  (0.0462)  (0.0448) 

LIVESTOCK -0.0173  0.0075  0.0022 
 (0.0659)  (0.0696)  (0.0703) 

AGEY  0.4540 0.4189  0.5220* 
  (0.3023) (0.3020)  (0.2987) 

AGEY2  -0.0693** -0.0642**  -0.0754** 
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  (0.0296) (0.0298)  (0.0293) 
EDUCA  -0.0033 0.0107  0.0153 

  (0.0187) (0.0184)  (0.0185) 
FMAXEDUCA  0.0133 0.0187  0.0186 

  (0.0114) (0.0121)  (0.0125) 
FOODCRED    0.0113 0.0105 

    (0.0077) (0.0079) 
LNLOANTOTAL    -0.1218** -0.1193** 

    (0.0506) (0.0527) 
cons 0.0688 -0.3407 -0.4059 0.2550 -0.5537 

 (0.2344) (0.8095) (0.8007) (0.2212) (0.7858) 

N 751 719 719 751 719 
pseudo R-sq 0.071 0.100 0.116 0.061 0.127 

Log lik. -308.0551 -286.0275 -281.0137 -311.4727 -277.4349 
Chi-squared 41.5666 63.5357 67.6164 40.3278 78.9250 

Standard errors in parentheses 
* p<0.10, ** p<0.05, *** p<0.01 
Note: HHSIZE and SEX were included in the regression but were not reported. 

  

In Model 2, the floods maintain a consistent, negative effect on the head’s employment 

across all of the columns. In the full model in column 5, VFVAR was predicted to lower the 

probability of employment by 0.8789. However, for households that were individually 

affected, the net effect was still negative at (0.8789 – 0.37771 = 0.5018). SEX was predicted 

to have a positive effect and this reinforces the fact that men tend to find jobs more easily 

than women due to the existence of discrimination in rural Bangladesh (Kabeer, 1991). It is 

also possible that only male-dominated jobs would be available after the floods such as 

labour-intensive farm and off-farm work. Meanwhile, loans appear to have a significant, 

negative effect on employment response probability. An additional 1% of loans reduce the 

probability of being employed in the past 7 days of the survey period by 0.1193 in the full 

model in column 5 and 12.18 in column 4. Age was negatively associated with employment. 

Although the precise partial effect depends on the chosen value of x, the APE estimates 

show that the age-curve is concave down the maximum at 0.7 years. Most head’s ages 

coincided with the downward sloping part indicating a negative association with 

employment. One possible reason for the negative effect is that older workers were less 

productive and able to undertake the type of (limited) work that was available after the 

floods (Demeke et al., ). Unexpectedly, consumer assets were predicted to lower 

employment with an APE of -0.0053. However, compared to the other characteristics, this 

was a small effect and was only significant at the 10% level.  
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Model Three 

Table 24: Model 3 results for head's employment 

Explanatory 
variables 

(1) (2) (3) (4) (5) (6) (7) (8) 

FVAR 0.3731* 0.3793* 0.3840* 0.3784* 0.4085* 0.3710* 0.3655 0.3968* 
 (0.2166) (0.2153) (0.2138) (0.2185) (0.2209) (0.2163) (0.2236) (0.2253) 

VFVAR -0.8600*** -0.7859** -0.5819* -0.6842** -0.6765** -0.8610*** -0.1601 0.1461 
 (0.2867) (0.3057) (0.2992) (0.3157) (0.2917) (0.3034) (0.3994) (0.4387) 

CONSASSETS -0.0044 -0.0055* -0.0063* -0.0065** -0.0065** -0.0056* -0.0051* -0.0162*** 
 (0.0038) (0.0030) (0.0033) (0.0030) (0.0031) (0.0030) (0.0028) (0.0042) 

interaction -0.0019       0.0117* 
 (0.0058)       (0.0063) 

HTOTLAND -0.0007 0.0000 -0.0007 -0.0007 -0.0007 -0.0007 -0.0007 -0.0028* 
 (0.0005) (0.0010) (0.0005) (0.0005) (0.0005) (0.0005) (0.0005) (0.0015) 

interaction  -0.0009      0.0025 
  (0.0011)      (0.0017) 

LIVESTOCK 0.0045 0.0014 0.2836** 0.0057 -0.0027 0.0058 -0.0047 0.3771* 
 (0.0703) (0.0699) (0.1314) (0.0691) (0.0703) (0.0699) (0.0692) (0.2012) 

interaction   -0.3543**     -0.4685** 
   (0.1461)     (0.2265) 

EDUCA 0.0097 0.0088 0.0115 0.0793 0.0101 0.0099 0.0049 0.0676 
 (0.0182) (0.0183) (0.0184) (0.0577) (0.0186) (0.0183) (0.0184) (0.0645) 

interaction    -0.0891    -0.0710 
    (0.0641)    (0.0739) 

FMAXEDUCA 0.0185 0.0190 0.0175 0.0204 0.0756** 0.0186 0.0192 0.0726* 
 (0.0126) (0.0128) (0.0130) (0.0127) (0.0303) (0.0125) (0.0135) (0.0388) 

interaction     -0.0672**   -0.0628 
     (0.0337)   (0.0454) 

FOODCRED 0.0109 0.0110 0.0108 0.0106 0.0103 0.0132 0.0119 0.0114 
 (0.0078) (0.0077) (0.0077) (0.0077) (0.0079) (0.0256) (0.0079) (0.0297) 
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interaction      -0.0025  0.0006 
      (0.0274)  (0.0312) 

LNLOANTOTAL -0.0294 -0.0306* -0.0337* -0.0320* -0.0309* -0.0295 0.0560 0.0391 
 (0.0182) (0.0181) (0.0180) (0.0185) (0.0185) (0.0182) (0.0368) (0.0383) 

interaction       -0.1202** -0.1041** 
       (0.0473) (0.0485) 

cons -0.3432 -0.3943 -0.4895 -0.5352 -0.4850 -0.3383 -0.7938 -1.0225 
 (0.7992) (0.8016) (0.7928) (0.8054) (0.8139) (0.7909) (0.8393) (0.8358) 

N 719 719 719 719 719 719 719 719 
pseudo R-sq 0.123 0.124 0.132 0.128 0.129 0.123 0.135 0.150 

Log lik. -278.5329 -278.2746 -275.8540 -277.1035 -276.8741 -278.5609 -274.7871 -270.1079 
Chi-squared 68.5665 71.6470 79.5279 69.2506 71.2203 68.9313 72.1745 94.1556 

Standard errors in parentheses 
* p<0.10, ** p<0.05, *** p<0.01 

Note: HHSIZE, AGEY, AGEY2 and SEX were included in the regression but not reported. 
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When interaction terms were introduced, the flood variables remained consistent and 

significant except for only a few cases. As for the household characteristics, the interaction on 

consumer assets showed that it mitigated some of the effects of the flood on employment. For 

exposed households, the APE was 0.117. Conversely, it appeared that livestock assets and loans 

(in the full model) and female education (in the single model in column 5) exacerbated the 

effects of the flood on employment. This is evident from the negative and significant coefficient 

estimates. Comparatively, for non-exposed households, in the full model, livestock and female 

education predicted a greater employment response probability – the APE was 0.3771 and 

0.0726 respectively. The results do not appear to be conclusive and also the precise reasons for 

the outcomes were not clear. Nonetheless, Model 3 in the case of the head’s employment was 

useful in highlighting the fact that the characteristics had different effects depending on level of 

flood exposure. This finding warrants further research to understand the causes of the 

differences.  

 

7.2.2 Children’s school attendance 

 

The floods did not significantly impact on children’s schooling attendance in Model 1 and Model 

2 (see below). Consequently, there was very little that could be concluded about the 

characteristics in relation to children’s schooling attendance.  

 

Table 25: Model 1 results for PROPDAYS 

Explanatory variables PROPDAYS 

R1_fvar -0.0277 
 (0.1600) 

R1_Vfvar 0.2350 
 (0.2079) 

cons 0.2889** 
 (0.1158) 

N 757 
pseudo R-sq 0.003 

Log lik. -479.6035 
Chi-squared 2.1142 

Standard errors in parentheses 
* p<0.10, ** p<0.05, *** p<0.01 
Note: HHSIZE and SEX were included in the regression but were not reported. 
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Table 26: Model 2 results for PROPDAYS 

Explanatory 
variables 

(1) (2) (3) (4) (5) 

R1_fvar -0.0365 -0.1206 -0.1073 -0.0372 -0.1081 
 (0.1913) (0.1903) (0.1957) (0.1921) (0.1960) 

R1_Vfvar 0.0632 0.1142 0.0793 0.0485 0.0732 
 (0.2446) (0.2450) (0.2550) (0.2391) (0.2580) 

R1consass~e 0.0010  -0.0049  -0.0048 
 (0.0037)  (0.0036)  (0.0037) 

R1_htotland -0.0682  -0.0806  -0.0792 
 (0.0534)  (0.0507)  (0.0522) 

R1_livesto~3 0.0400  0.0258  0.0263 
 (0.0559)  (0.0570)  (0.0571) 

R1_agey  2.0052*** 1.9512***  1.9567*** 
  (0.3100) (0.3114)  (0.3150) 

R1_agey2  -0.2090*** -0.2025***  -0.2031*** 
  (0.0326) (0.0329)  (0.0332) 

R1_educa  0.0319* 0.0412**  0.0413** 
  (0.0182) (0.0190)  (0.0189) 

R1_fmaxeduca  0.0413** 0.0480***  0.0482*** 
  (0.0169) (0.0160)  (0.0161) 

R1_foodcred    0.0008 0.0017 
    (0.0089) (0.0090) 

R1lnloanto~l    0.0408 -0.0061 
    (0.0370) (0.0407) 

cons -0.8743*** -5.1502*** -5.1429*** -0.8300*** -5.1438*** 
 (0.2601) (0.7273) (0.7352) (0.2670) (0.7450) 

N 753 721 721 753 721 
pseudo R-sq 0.092 0.168 0.176 0.089 0.176 

Log lik. -434.0974 -381.7070 -378.0977 -435.4727 -378.0648 
Chi-squared 47.6906 102.5989 123.8804 35.7325 124.0414 

Standard errors in parentheses 
* p<0.10, ** p<0.05, *** p<0.01 
Note: HHSIZE and SEX were included in the regression but were not reported. 

 

Concluding remarks 

Extending the framework to alternative forms of nutrition and food poverty reveals that there is 

consistency in the adverse effects of the village-level flood measure. The determinants of these 

new outcomes had some consistency with the determinants of calorie consumption in that 

livestock assets and female education were found to be beneficial. Asset variables were not as 

strong in mitigating the effects of the flood as found in previous models. Consumer assets 

marginally lowered the probability of being food insecure and livestock only lowered the 
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probability of being low-level food poor. Conversely, loans and food credit purchases showed 

that these were important measures to overcome food insecurity and food poverty (at high and 

low levels). The results on loans were particularly robust across all three measures in the 

interactions models. This reaffirmed findings by Khandker (2007) and Del Ninno et al. (2003) 

that borrowing was a major coping strategy to mitigate the effects of the flood.  

 

The floods also adversely affected the head’s employment. Village-level effects were significant 

and strong. However, the positive sign on household-level flood effects could indicate that there 

was a greater imperative to work if a household was directly affected by the floods. The results 

for the household characteristics were not conclusive. Livestock assets, loans and female 

education appeared to exacerbate the effects of the floods for exposed households whilst they 

were beneficial for non-exposed households. The precise reasons for this were unclear. Lastly, 

the floods did not have any significant effects on children’s schooling attendance.  
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CHAPTER 8: CONCLUSION 

 

Large parts of the developing world lie in areas that are substantially at risk of being impacted 

by natural disasters such as floods, droughts, storm surges and cyclones. Under even modest 

projections of climate change, more intense and frequent natural disasters are predicted 

globally. The associated adverse impacts of these extreme weather events are predicted to 

increase disproportionally more in developing countries (IPCC, 2007). Furthermore, the people 

living in underdeveloped areas have limited capacity to cope with natural shocks and 

consequently extreme weather events can have persistent effects on their welfare. This thesis 

undertook a case study of Bangladesh, which is one of the most vulnerable countries to climate 

change and associated natural disasters. Bangladesh’s geography, topography and poverty make 

it particularly prone to regular flooding and cyclone-induced storm-surges. With very little 

overall contribution to greenhouse gas emissions, Bangladesh’s only protective response is 

through adaptation. 

 

Specifically, the thesis examined the 1998 floods because it was one of the most severe natural 

disasters in Bangladesh’s history. The 1998 floods also had significant effects on income, 

consumption, nutrition, employment, and wages. Households employed various coping 

strategies to maintain well-being. These included borrowing, skipping meals and selling assets 

(Khandker, 2007). This thesis proceeded on the premise that a better understanding of 

household characteristics (which encompasses endowments and coping responses) can assist 

policymakers and researchers to develop suitable adaptation strategies to help the people of 

Bangladesh adapt to a changing climate. The principle empirical framework focused on 

household welfare as measured by household calorie consumption. Welfare was hypothesised 

to be determined by household characteristics, i.e. their physical, human and financial capital.  

 

Results 

The results indicated that the floods had significant effects on household welfare. In Round 1, 

households that were directly exposed to the floods consumed on average 228.50 fewer 

calories than non-exposed households. When household and village-level flood effects were 

compared, only the village-level effects had a significant and strong adverse effect on household 

welfare. Upon disaggregation, prices of rice and vegetables were found to be a particularly 

significant channel through which the floods affected households. However, when robustness 
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checks were made using protein consumption, the floods did not have any significant impacts– 

though a negative sign was evident in the coefficient estimates.  

 

The significance of village-level floods was robust in the Model 2 results (for calorie 

consumption) when additional groups of characteristics were included. The coefficient estimate 

on VFVAR varied very little when additional groups of controls were included in the regressions. 

The results were also similar when tested on different dependent variables such food security, 

poverty and the head’s employment. The size and significance of VFVAR remained consistent 

throughout most of the specifications. The robustness of the result indicated that endogeneity 

was not creating bias in the flood exposure specifications in Model 1. However, the floods did 

not have any significant impacts on children’s schooling attendance. 

 

The Model 2 framework was also useful in identifying the determinants of calorie consumption. 

The most robust positive determinants of calorie consumption across all of the rounds were 

consumer assets, female education and food credit. Loaning money was beneficial only 

temporarily in Round 1 where an additional 1% of loans was predicted to increase consumption 

by 0.05%. Asset variables were found to be important but their effects varied depending on the 

type of assets and the time period. This result may indicate that there are differences in 

households’ ability to utilise these assets - such as to generate revenue (e.g. growing crops on 

land) or selling assets in the market to obtain funds for consumption.  

 

In Model 3, interaction terms were introduced in a full version of the model as well as with 

single interactions for each of the characteristics. Only livestock assets demonstrated robust 

results across all of the rounds. The effect was greatest in Round 1 and 2 when livestock were 

more likely to have been sold and/or consumed by the household as a coping measure. At the 

mean level of livestock in Round 1, an additional 1% of livestock was predicted to reduce the 

adverse effects of the flood by 19.04%. The other characteristics that were found to influence 

the effects of the flood were consumer assets, landholding, female education and food credit 

purchases. The results for these characteristics highlighted the usefulness in distinguishing 

between exposed and non-exposed categories of households. For instance in Round 2, 

consumer assets, land holding and female education were found to be beneficial for both non-

exposed and exposed households – but the returns were lower for the latter category of 

households.  The precise reasons for the difference were not ascertainable within the scope of 
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this thesis. However, the results are useful for policymakers and researchers to note because 

aggregated determinants of welfare evidently masked the underlying differences between the 

household groups. When Model 3 was replicated by interacting with rice prices, other than a 

marginal positive association between food credit and calorie consumption, the results were not 

significant.  

 

Robustness checks 

The econometric framework for household welfare was also tested on protein consumption. 

The floods did not significantly impact on household protein consumption whether considered 

at the household or village level. However, many of the determinants of calorie consumption 

also significantly determined protein consumption. Only female education interacted with flood 

exposure and here it was predicted to have a positive relationship with protein consumption. 

Otherwise, livestock assets were not found to be robust for protein consumption. This can 

perhaps be explained by the fact that, in the aftermath of the 1998 floods, households 

substituted high protein foods such as fish and meats for other foods (Del Ninno et al., 2001). So 

the associated benefits of livestock may have been more strongly correlated with aggregated 

calorie consumption than for protein consumption. 

 

Extensions Models 

The core models for household welfare were also extended to measure food security, food 

poverty, the head’s employment and children’s schooling attendance. An interesting result was 

that the head’s employment was positively associated with household-level flood exposure. This 

seemed to indicate that when a household was directly affected by the floods, there was a 

greater need for the head to be employed.  

 

In the new dependent variable models there did not appear to be consistencies with many of 

the results for household characteristics in the case of calorie consumption. Unlike calorie 

consumption, in the case of food insecurity and poverty, asset variables were less important. 

Also, taking loans and purchasing food on credit had significant and negative interaction effects. 

This meant that for exposed households, these characteristics were predicted to lower the 

probability of being food insecure or food poor. Particularly, borrowing money had consistent 

and significant average partial effects on the response probability of being food insecure or food 

poor. Compared to other households, for households that were vulnerable to being food 
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insecure or food poor, borrowing money and purchasing food on credit were major coping 

strategies.  

 

Compared to the other outcomes, the head’s employment did not provide many conclusive 

results. Apart from consumer assets, the interaction terms indicated that several characteristics 

such as livestock, female education and loans actually exacerbated the effects of the floods. 

These findings do not make intuitive sense and we are unable to explain the outcomes. Further 

testing may be required to identify the reasons for such results. However, it can be noted that 

for non-exposed households, these characteristics had positive effects. Whilst the precise 

reasons maybe unclear, the clear distinctions are an important finding which policymakers and 

other researchers may need to investigate to ascertain the precise nature of the effects of 

floods on employment.  

 

Comparisons to some of the related literature 

When examining all of the results collectively, generalisations could not easily be made due to 

the different dependent variables that were tested. However, some statements about a select 

few characteristics can be made. It is apparent that borrowing funds and purchasing food on 

credit were major coping strategies for households. This reinforces the findings of Khandker 

(2007) and Del Ninno et al. (2003). The results here also supported Khandker (2007) and Del 

Ninno et al.’s (2003) conclusion that borrowing was only a temporary measure because it 

increased indebtedness in subsequent periods. These characteristics were less important in 

Rounds 2 and 3 compared to Round 1. The new conclusion that the results in this thesis show is 

that food credit and loans tended to have stronger positive effects for the most severely 

affected households. For instance, the interactions on loans had particularly large and highly 

significant effects on the response probability that a household was food insecure or food poor.  

 

Additionally, female education was a significant determinant of both calorie and protein 

consumption. Though the effects of female education were less for exposed than non-exposed 

households, the results here support the extensive development literature that highlights the 

benefits of female education. Additionally Blankespoor et al.’s (2010) claim that greater 

investments in female education can reduce the effects of natural disasters at the macro-level, 

was also evident at the micro-level here.  
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Lastly, the robustness of livestock assets, which directly mitigated the effects of the floods in the 

calories model, supports the findings of Hoddinott (2006). In his paper on the 1994/5 

Zimbabwean droughts, Hoddinott (2006) found that households drew down their assets to 

smooth consumption. From the descriptive statistics and the results of the interaction terms 

across the rounds, this also appeared to be the case in the aftermath of the 1998 floods. 

 

Possible policy implications 

a. Increase in supply and access to credit 

In light of the results in this thesis in conjunction with empirical evidence in related literature, 

several policy suggestions can be made. Where households inadvertently turn to borrowing 

funds or purchasing food on credit, certain measures need to be introduced to ensure that 

households do not suffer from long-term indebtedness. In the case of the 1998 floods, due to a 

tight credit situation, many households had to turn to informal forms of lending (Khandker, 

2007). These sources of credit were less likely to be regulated and may have had larger 

associated interest rates. Flexible repayments schemes and greater support for microfinance 

institutions (MFIs) that provide credit and insurance schemes can help alleviate burdensome 

debts for households. Grameen Bank’s flexible repayments scheme in the aftermath of Cyclone 

Sidr (2007) showed that these programs can be effective for households in disaster-struck areas. 

Tight credit situations such as had occurred in the aftermath of the 1998 floods also contribute 

to a slow recovery because farmers and businesses do not have the appropriate level of credit 

to re-start their economic activities (Del Ninno et al., 2003).  

 

b. Improving uses of female education 

The results in this thesis indicated that female education was positively associated with welfare. 

However, where instances of discrimination continue to exist in rural Bangladesh, educated 

females are less able to contribute to improving the well-being of their households and 

communities. In the aftermath of floods the situation for educated females was even more 

severe when the magnitude of salaried income losses were very high (Quisumbing and Mueller, 

2010). However, other than targeted cash grants and food-aid, public policy can attempt to 

improve rural labour markets to take advantage of more educated females. Banerjee (2007) 

showed that favourable demand for labour in flood-free periods mitigated the negative impacts 

of disasters in flood months. One potential industry that can mitigate the negative impacts is 

cottage enterprises because the wages of workers were not as adversely affected by the 1998 
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floods (Quisumbing and Mueller, 2010). Our results showed that exposed households received 

less benefit from female education than non-exposed households. Hence, support programs 

that assist workers need to be well-targeted to those most affected by extreme weather events.  

 

c. Protecting livestock assets 

Lastly, policies that support households in accumulating livestock assets should be encouraged. 

Even if market prices are not favourable as can happen in some instances (see Fafchamps and 

Gavian, 1997), livestock animals are a source of income in farm and off-farm activities and can 

also be consumed as a last resort. Measures to protect livestock from being lost in extreme 

weather events are needed because the associated implications can be far greater compared to 

losses of other assets.  

 

On a final note, short-term coping strategies may not be sufficient in the face of rapid and 

unpredictable changes in long-term climate. In this thesis, macroeconomic measures and 

infrastructure adaptation have not been discussed. Evidently, these are important mechanisms 

to prevent large-scale impacts of natural disasters on the economy and society. Ultimately, as 

discussed by Fankhauser et al. (1999) and Blankespoor et al. (2010), long-term adaptation to 

climate change can be most successful when linked to national development programs. For 

instance, diversifying economic activities away from sectors such as agriculture can reduce the 

vulnerability from extreme environmental shocks (Banerjee, 2007). However, these changes 

cannot be implemented drastically due to the generational embeddedness of traditional 

livelihoods (Qian and Uddin, 2010). In the short-term though, this thesis showed that household 

characteristics can play a crucial role in mitigating some of the adverse effects of extreme 

weather events. The autonomous responses of households must be considered by policymakers 

because that directly impacts on the costs and benefits of complex mitigation and adaptation 

strategies at the national level. 

 

Recommendations for further research 

Based on the findings from the framework developed in this thesis and in conjunction with 

some of the related literature, several avenues for subsequent research can be suggested. 

Firstly, both theoretical and empirical research can shed light on more suitable measures for the 

various concepts that have been discussed in this thesis. This includes measures of household 

welfare, flooding as well as coping and adaptive strategies. There is a positive trend in the 
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existing literature in developing novel measurement techniques such as multidimensional 

poverty (see Alkire and Foster, 2010). As well various empirical methodologies have been 

developed to better understand household behaviour in the context of natural disasters (see 

examples from Van den Berg, 2010). This is crucial in understanding not only the impacts of 

natural disasters but to assess which are the most vulnerable populations and need the greatest 

assistance. 

 

From the specific findings in this thesis, additional research would be useful to assist in forming 

clearer insights about the observations recorded here. For instance, questions remain as to why 

some characteristics are beneficial in some rounds and not in other rounds? Why do certain 

characteristics affect certain measures of welfare but not others? Moreover, what is causing the 

effects of household characteristics to vary depending on levels of flood exposure? The review 

of literature and the discussion of results highlighted some of the linkages between household 

responses, government intervention programs and the role of institutions in coping responses 

and long-term adaptation strategies. Where the costs of any action to climate change will be 

borne partly by households and partly by governments and institutions, a better understanding 

of the linkages between household characteristics and the role of governments and other 

institutions is needed.  

 

Where characteristics play a different role in the aftermath of natural disasters (short-term 

relief in the case of borrowing versus long-term poverty reduction and development in the case 

of female education), future theoretical and empirical papers could perhaps shed light on how 

households allocate resources and invest in each characteristic type. Finally, as many studies 

have highlighted the analytical (econometric) and policy-based benefits of comprehensive panel 

data, more comprehensive surveys need to be conducted in a variety of countries. In that 

process, significant diversity should be sought of many cultures, livelihoods and climatic 

experiences.  
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APPENDIX 

 

 
 

 
 

 

Source: Del Ninno et al. (2001) 

 

 

 
 
 
 
 
 
 
 

 

Appendix 1: Pathways of flood impacts 
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Appendix 2: Formation of flood exposure index 

 
Variable 

Original variable Created category variable 

Range Unit of 
measure 

Range Categories 

Depth of water in the 
homestead 

0-12 Feet 0-5 0 to 4: number of feet 

5: more than 4 feet 

Depth of water in the 
home 

0-45 Feet 0-6 0 to 5: number of feet 

6: more than 5 feet 

Number of days of 
water in the home 

0-120 Days 0-5 0: None 

1: >0 ≤ 1 week 

2: > 1 ≤ 2 week 

3: > 2 weeks ≤ 1 month 

4: > 1 month ≤ 2 months 

5: > 2 

Flood Index (FEINDEX)   0-16   

Flood-exposed 
categories (FAFFECT) 

  0 
1-5 
6-10 
11-16 

Not exposed 

Moderate 

Severe 

Very severe 

 
Source: Del Ninno et al. (2001) 
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Appendix 3: Properties and Assumptions of the Stochastic error term 

Based on Khandker (2007), in considering the variance of the error term, the following 

stochastic model can be assumed to generate the logarithm of consumption of household  : 

    

   (   )            (9)  

 

With the assumption that the variance of the logarithm of consumption varies, it can also be 

assumed that the variance depends on  , i.e. ,  

    

   
        (10)  

 

which can be consistently estimated by the ordinary least squares (OLS) method applied to 

  

    
             (11)  

 

where       (   )   ̂      ̂ being the estimate of   obtained from Eq. (9). 

If  ̂ is an estimate of   from Eq. (10), the consistent estimator of   
  is given by: 

.     

    
       ̂ (12)  

 

For large sample sizes, one can argue that   (   ) is normally distributed with mean    ̂ and 

variance     ̂, which gives rise to the following: 

      

 
     

  (   )      ̂

√    ̂
 (13)  

 

which is distributed as asymptotically normal with zero mean and unit variance. Hence, 

given these assumptions, the thesis can proceed with the usual OLS procedures and 

inferences.  
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Appendix 4: Summary statistics across rounds 

a. Round 1 
 

Variable n Mean Std. Dev. 

LNAECAL 743 7.972746 .3743848 

FVAR 757 .7133421 .4524993 

VFVAR 757 .7133421 .3645893 

CONSASSETS 757 4.055746 17.91208 

HTOTLAND 757 1.163405 1.771432 

LIVESTOCK 757 .8956407 1.354375 

EDUCA 721 2.676838 3.753832 

FMAXEDUCA 757 4.779392 6.434464 

AGEY 753 4.502258 1.249705 

AGEY2 753 21.83001 12.29169 

FOODCRED 757 4.857075 7.802658 

LNLOANTOTAL 757 1.156797 1.232893 

HHSIZEA 757 5.59181 2.107203 

SEX 753 .9561753 .204841 

 
 

b. Round 2 

Variable n Mean Std. Dev. 

LNAECAL 743 8.089613 .3535889 

CONSASSETS 757 .0176354 .2292646 

HTOTLAND 757 1.295518 1.948423 

LIVESTOCK 757 .7886394 1.245193 

EDUCA 745 2.565101 3.720239 

FMAXEDUCA 753 5.01328 6.565937 

AGEY 746 4.494504 1.247487 

AGEY2 746 21.75471 12.27235 

FOODCRED 753 2.184525 4.916344 

LNLOANTOTAL 757 .6266557 1.082649 

HHSIZEA 753 5.746348 2.206299 

SEX 748 .9625668 .1899478 
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c. Round 3 

 

Variable n Mean Std. Dev. 

LNAECAL 725 8.087952 .3317309 

CONSASSETS 757 .402576 3.833811 

HTOTLAND 757 1.34107 1.955745 

LIVESTOCK 757 .7371202 1.188952 

EDUCA 730 2.580822 3.736105 

FMAXEDUCA 734 5.182561 6.637109 

AGEY 730 4.509726 1.251776 

AGEY2 730 21.90242 12.32728 

FOODCRED 734 .2231866 1.696526 

LNLOANTOTAL 757 .5567541 1.07573 

HHSIZEA 734 5.858311 2.274859 

SEX 731 .9582763 .1992363 
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Alternatively, an elasticity-based interpretation can be developed using  ̂    ̂  and  ̂   with 

two values of any household characteristics (   and  ). For instance, one may like to note 

the percentage change in the effect of the flood on    (   ) when education is 5 years 

(completion of primary school) compared to 10 years (completion of Matriculation level). 

The following diagram illustrates the difference in marginal effects of the flood for two 

arbitrary values of the   characteristic. This diagram compares the outcomes between 

exposed and non-exposed households. Here, the most ideal situation is assumed: where 

 ̂    but  ̂    ̂     ,  ̂    and  ̂   .  

 

Variance in marginal effects of household characteristics for varying flood exposure 

 

 

 

 

 

 

 

 

 

 

Based on the diagram above, for the elasticity, predicted percentage change in calorie 

consumption based on the   can be calculated as follows:  

 

 
   

   

 
 
   

 
 

 

(14)  

However, for ease of comparison, a units-free elasticity measure can be developed. First, it 

can be noted that Eq. 11 can be draw as a line curve (assuming that  ̂   ). 

 

 

Appendix 5: Deriving an elasticity measure of interactive effects 
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Line curve of coefficient of interactive terms 

 

 

 

 

 

 

 

 

 

 

 

The equation of the line simply reveals that   influences the marginal effects of the flood. 

The y-intercept,  ̂, is the constant term of the marginal function. Also, the slope of this 

curve is the coefficient estimate,  ̂, because       is allowed to vary with changes in X.  

It is hypothesised that if  ̂    and  ̂   , then as   increases, the (adverse) effect of the 

flood would have minimised. 

 

However, from the figure above, the change in the marginal effects of the flood – between 

any two values of  – will result in different measures of responsiveness. To simplify 

interpretation, the elasticity at the mean ( ̅) can be used. It is also possible to calculate the 

elasticity at corresponding quintile levels to distinguish the effects based on household 

expenditure.  

 

Calculating Units-free Elasticity Measures 

Starting with Eq. 11,  ( )    ̂    ̂  , the mean value of the  , the point elasticity 

measure of the responsiveness of the marginal effect of the  characteristic is: 
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  ( ̅)    ̂ (

 ̅

 ̂   ̂  ̅
) (15)  

This units-free measure enumerates the effect of a    change in   (at the mean) on the 

percentage change in the effect of the floods on    (   ). The following diagram shows this 

elasticity graphically when comparing two different values of  .  

 

Functional forms and types of x-characteristics 

When calculating the elasticities and for interpretation of the various characteristics, 

alternative approaches need to be undertaken depending on the functional form of the 

characteristic. The following describes how different functional forms may be analysed: 

 

 discrete variables – directly apply the formula above 

 logarithmic variables – the coefficient estimates already reveal an elasticity measure 

but a similar calculation can still be made. 

 dummy variables – calculate the difference in outcomes between the two groups 

 

Therefore, once the elasticity measures are calculated, the responsiveness may be 

compared between characteristics and at different values.  
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CASE 1: ( ̂    ̂)     ̂         ̂    

 
 
 
 
 
 
 
 
 
 
 
 
 
 

CASE 2: ( ̂    ̂)     ̂         ̂     

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CASE 3: ( ̂    ̂)     ̂         ̂    

 
 
 
 
 
 
 
 
 
 
 
 

Appendix 6: Parameter restrictions on flood exposure and household characteristics 
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CASE 4: ( ̂    ̂)     ̂         ̂    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

CASE 5: ( ̂    ̂)     ̂         ̂    
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Appendix 7: Scatter plots of VFVAR and food prices 

a. Rice prices 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
b. Vegetable prices 
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Appendix 8: Model 2 results including thana fixed effects 

 (1) (2) (3) 

Variables Round 1 Round 2 Round 3 

FVAR 0.0023 -0.0256 0.0277 
 (0.0437) (0.0378) (0.0409) 

VFVAR 0.0190 0.0244 -0.0453 
 (0.0719) (0.0629) (0.0562) 

CONSASSETS 0.0013*** 0.1456* 0.0047** 
 (0.0004) (0.0824) (0.0024) 

HTOTLAND 0.0132 0.0471*** 0.0424*** 
 (0.0171) (0.0093) (0.0080) 

LIVESTOCK 0.0492*** 0.0073 0.0224** 
 (0.0135) (0.0125) (0.0099) 

AGEY -0.1813** -0.0304 -0.0988* 
 (0.0730) (0.0587) (0.0542) 

AGEY2 0.0208*** 0.0070 0.0131** 
 (0.0075) (0.0057) (0.0056) 

EDUCA 0.0014 0.0037 -0.0004 
 (0.0044) (0.0036) (0.0031) 

FMAXEDUCA 0.0059** 0.0056** 0.0063*** 
 (0.0026) (0.0022) (0.0018) 

FOODCRED 0.0113*** 0.0068*** 0.0093 
 (0.0015) (0.0021) (0.0065) 

LNLOANTOTAL 0.0458*** -0.0039 0.0145 
 (0.0119) (0.0130) (0.0113) 

cons 8.2706*** 8.1381*** 8.2104*** 
 (0.1674) (0.1644) (0.1493) 

N 709 736 721 
adj. R-sq 0.174 0.145 0.130 

Standard errors in parentheses 
* p<0.10, ** p<0.05, *** p<0.01 
Note: HHSIZE and SEX were included in the regression but were not reported. 

 
 

 

  


