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ABSTRACT OF THE DISSERTATION
THREE ESSAYS ON MANAGING EXTREME WEATHER EVENTS ANDLIMATIC
SHOCKS IN DEVELOPING AND DEVELOPED COUNTRIES
by
Md Tanvir Pavel
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Miami, Florida
Professor Pallab Mozumder, Major Professor
Climate change and extreme weather events aretiaffethe environment, and
people’s livelihood in both developing and devebbm®untries. Agriculture, forestry,
fishing, livestock, water resources, human hedkhestrial ecosystems, biodiversity,
and coastal zones are among the major sectors tetphy these shocks. The challenge
of adaptation is particularly acute in the devehgpcountries, as poverty and resource
constraints limit their capacity to act. Bangladéshin this category, and thus | use data
from Bangladesh to analyze the adaptation procetizei first and second chapter of my
dissertation.
In the first chapter, | investigate whether transishocks (flood, cyclone) or
permanent shocks (e.g., river erosion that leadsetmanent loss of lands) have more
influence on interregional migration. Findings beétstudy suggest that the households

prefer to move to the nearest city when the enwremtal shock is temporary, whereas
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they tend to relocate over a greater distance whenenvironmental shock is more
permanent in nature.

In the second chapter, | investigate the feagybdita set of adaptation measures to
cope with hydro-climatic shocks (e.g. floods, drotigcyclones, tidal waves) and
epidemic shocks (emergence or re-emergence oftiofiscdiseases on livestock and
poultry) in the agricultural sector in Bangladegimdings suggest that a decrease in
agricultural income due to climatic and/or epideshocks is likely to induce households
to adapt more.

Developed countries are also vulnerable to extreveather events and climatic
shocks. In 2017, United States was hit by threesecutive hurricanes: Harvey, Irma,
and Maria. Given the rising exposure and the irginganeed to manage coastal
vulnerability, the third essay focusses on undeditagy household preferences for
financing adaptation activities in the U. S. andlgpes which mechanism, i.e., state or
federal adaptation fund approach, is better sugetianaging exposure to such types of

natural disaster in the future.
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CHAPTER 1
INTERNAL MIGRATION TO COPE WITH NATURAL HAZARDS:
THE ROLE OF TRANSIENT VERSUS PERMANENT SHOCKS
1.1 Introduction

The frequency and intensity of natural hazardsoarthe rise all over the world (Few,
2003; IPCC, 2007). It is projected that by 205@rfye200 million people will be displaced
due to environmental disruptions (Myers, 2002).a8tsrs triggered by extreme weather
events and climatic shocks in the form of floodg;lanes, storm surges, river erosion,
tornadoes and earthquakes—among others—signifycafidct the well-being, economic
and otherwise, of households and communities. Alghothe intensity and impacts of
natural hazards vary regionally, the people of tiag countries suffer most due to the
lack of adaptation and safety net instruments ghtfiagainst negative environmental
shocks. Between 2003 and 2013, natural hazardedduS $1.5 trillion in economic
damage globally; the estimated economic damage tduenvironmental hazards in
developing countries is about US $550 billion (FAD15).

Bangladesh ranked 6th among countries that sdfenost from natural disasters
between 1995 and 2014 (Kreft et al., 2015). In Baahgsh, more than 60 million people
living in coastal areas are highly vulnerable tonette change and other environmental
hazards. Natural disasters such as floods andcaiopyclones are very frequent in the

coastal areas of Bangladesh and affect milliongeaiple every year. In recent years, the



southern coastal region of Bangladesh was hit tetbhonsecutive cyclones: Sidr in 2007,
Nargis in 2008, and Aila in 2009 (Kabir et al., BQMallick, 2014). Cyclones alone have
claimed more than 100,000 lives and caused propartyage of around US $3.5 billion in
the last 25 years (Dasgupta et al., 2010).

Located at the delta of the Ganges, BrahmaputdaMeghna rivers and a few feet
above the sea level, Bangladesh has experienc#y flaerine, rainfall-induced and storm
surge floods. The inundation of floods affects al#fu5% or 31,000 square kilometers of
Bangladesh each year (Mirza, 2003).

The erosion of the coastline and the subsequsst ¢f arable land is of significant
concern for Bangladesh. It is one of the princgmaitributors to the process of destitution
and marginalization of rural families due to thesdoof productive agricultural lands
(Poncelet et al., 2010). It has been estimateda@®#&00 individuals are displaced due to
riverbank erosion and about 14,000 hectares ofatabd are eroded annually (Mutton &
Haque 2004; Mirza et al. 2003). These recurrentrabtisasters mostly affect the poorest
group of coastal community residents and force tteemigrate to urban areas (Ishtiaque
and Nazem, 2017).

Internal migration as a shock coping mechanismatimiral hazards is significant but
less widely addressed in the literature. Early istudave largely ignored the role of
environmental reasons for migration (Mallick andddtl, 2015). Only a few recent studies

have discussed migration as an alternative straegppe with the adverse effects of



natural disasters (Afsar 2000; Blaike et al., 2Q%&zko and Aghazarm, 2009; Poncelet et
al., 2010). However, there is insufficient empficevidence of internal migration
resulting from environmental change or variabil{§lack, et al.,2008). With a few
exceptions, Chen and Mueller (2018) conduct an eoapistudy to assess whether
households in coastal Bangladesh have at leastimemal migrant or international
migrant due to flooding and salinity. They found significant effect of flooding on
internal or international migration but a strongsipioe effect of salinity on internal
migration and a negative effect of salinity on mggional migration. In another study,
Chen et al. (2017) found that the probability ofeaist one member in a household being a
migrant decline by 0.6 to 1.8 percentage pointsngutooding.

This study analyzes internal migration as a shogging mechanism for natural
disasters in the south west coastal regions of Rdegh. Depending on the nature and
duration of the environmental shock, | explore ileettransient shocks (floods, cyclones)
or permanent shocks (river erosion that leads tongeent loss of lands) have more
influence on interregional migration decisions. I$oa address whether transient or
permanent shocks influence households more to teigoathe nearest metropolitan city
(Khulna) or to the distant capital city (Dhaka).eTktudy also examines the impact of
migration on the per capita food expenditure, nmodfexpenditure, and total expenditure
of households who moved to Dhaka versus Khulna.s Timding has significant

implications for understanding whether migratioamseffective coping mechanism or not.



1.2 Driversof Internal Migration in Coastal Areas of Bangladesh

Migration has very complex factors of determinatiahich can be economic, social,
political, demographic or environmental (Black &t @011; Black et al., 2013; Bunea,
2012). The process of migration can be internahtarnational, slow or rapid, forced or
motivated, or temporary or permanent (Mallick andgV 2012; Portes, 2010). In
Bangladesh, migration flows are mostly internal ements from rural to urban areas
(Poncelet et al., 2010). The most common concegeaded in the fields of rural to urban
migration is the push and pull factors. While teason behind the pull factors of migration
is the attraction of better living and economic aitions, push or forced migration mostly
occurs due to the desire for survival (Barriosle2806). Though it is commonly believed
that economic pull factors have dominance overadasi demographic factors of internal
migration, environmental push factors also exediract and indirect influence on the
internal migration decision. However, the concegtpush and pull factors of migration
are not adequate to understand the complexity anticausality of households’ decisions
to migrate. Therefore, we investigate the intemajration scenario of the coastal areas of
Bangladesh through the diverse determinants ofralatiisaster factors (floods, cyclones,
river erosion), households’ social and demografdutors (household size, age, gender,
education, religion), economic factors (incomegtgshome ownership, land) and coping

mechanisms (credit, relief), among others.



The unigueness of this paper is to figure out wérethternal migration is a valid
coping mechanism for transient and permanent emwviemtal shocks in the coastal
communities in Bangladesh. We not only explain hbese factors influence households
to migrate, but empirically assess the househgudsference on where to migrate and the
changes in consumption expenditures by migratirtheaearest versus distant locations.
1.3 TheRoleof Transient and Permanent Shockson Internal Migration Decision

Households in developing countries face two geneatdgories of shocks: covariate
and idiosyncratic (Patnaik et al., 2016). Whileoglincratic shock is likely to affect a
household or individual, covariate shock affectsugis of households, communities,
regions or even entire countries. Thus, a houseahaldexperiences an idiosyncratic shock
is more likely to rely on its neighbors for suppavhile a household who experiences a
covariate shock is less likely to do so becausaeighbors have experienced the same
shock. Based on these distinctions, environmehiatls are mostly covariate shocks in
nature. It can also be inferred that the impactsasfariate shocks are stronger than the
idiosyncratic shocks as it affects the entire hbots of the same community.

The coastal zone of Bangladesh, which makes uppappately 30% of the total area
of the country, is particularly vulnerable to naudisasters.lts topographic and
geo-physical location makes it prone to periodooéls, cyclones and river bank erosion.
Depending on the nature and consequences of tretseahdisasters, we classify the

covariate environmental shocks into two categotm@sisient and permanent.



1.3.1 Transient Shocks

Transient environmental shocks can be defined asitlexpected exogenous changes
to a community. Depending on the frequency, dunadiod intensity, floods and cyclones
are the most common transient shocks in the coastak of Bangladesh.

Bangladesh is one of the most flood-prone couninethe world due to its unique
geographical location, topography and exposuredosoon rainfallin the last 30 years,
Bangladesh has experienced severe floods durin@-1988, 1998-1999, 2004-2005,
2007, 2010 and 2017. With 50% of the land less ®hameters above sea level, and a
coastline of some 600 km, coastal flooding is amnaing problem for Bangladesh. This
creates significant hardship for the people of ma®mmunities and results in short-term
and long-term population displacements.

Cyclonethat are usually accompanied by high wiadd storm-surges hit Bangladesh
every three years on average (Mallick and Etzadd52. The coastal areas of Bangladesh
have witnessed several cyclones in the last 5Gy&anong them, Bhola in 1970, Gorky in
1991, Sidr in 2007, Aila in 2009, and Komen in 2@t& the deadliest cyclones on record.
Cyclones that destroy the homesteads and livelih@danillions of people in the coastal
areas of Bangladesh trigger migration internallyid&s have found that the victims of
cyclone move away because of a lack of resourné&sstructural damages and failure to
ensure social protection, as well as the non-awiitha of income-generating alternatives

(Mallick et al., 2017).



1.3.2 Permanent Shock

While sudden onset events such as floods and ogsloause the affected households
to leave their homes temporarily, slow onset preess-such riverbank erosion—lead
households to move permanently. People living ia #outh west coastal belt are
particularly exposed to permanent natural hazakésriver erosion and find migration to
be an alternative coping strategy to natural hazard

River erosion is one of the major threats to hoakkEhliving in the coastal and
mainland areas in Bangladesh. There are severar$athat can gradually affect river
erosion. Among these, the breaking of soil in serar larger portions, the saturation of
river banks from off-stream sources, excessive samttlintense water from rainfall are
worth mentioning. Depending on the duration, intignand magnitude of river erosion,
households in the coastal communities tend to prédw devastating this environmental
disaster is. The victims of river bank erosion arestly compelled to displace as they
become destitute and vulnerable.

Three major rivers in Bangladesh (Padma, JamurhlVeaghna) have eroded several
thousand hectares of floodplain and several miliesoads and railways, and have
displaced people from one region to another regiddangladesh (Das et al., 2014). This
has a long-term impact on the livelihood of thegdepsociety and the economy. However,
due to the slow process and scattered inciderntuegjdes not draw the attention of policy

makers in the same way victims of flood and cyctode. For instance, the victims of



river erosion receive less support from both tleal@and central government in the form of
credit, relief or any other financial support tght against this silent catastrophe. As a
result, the victims of river erosion leave theieaon their own initiative and search for a
place to survive socially and economically.
1.4 Survey Design and Sampling Procedure
1.4.1 Study Area

The area of Bangladesh is divided into eight adstative divisions. Among them,
Khulna, Barisal and Chittagong are three admirtisgadivisions that are in the coastal
zone of Bangladesh. Each division is split intoesal/districts and the number of total
districts in Bangladesh is 64. The coastal areBamfgladesh covers 19 districts facing or
near the Bay of Bengal (Dasgupta et al., 2014)s Bhudy covers the internal migration
scenario of households from nine south west distattwo coastal divisions (Khulna and
Barisal) in Bangladesh. The survey also tracks hbeaseholds who migrate to the
metropolitan city Khulna of Khulna district and tbapital city Dhaka of Dhaka District in
Bangladesh. The geo-coded location of the housshwldthe survey area and their
migration scenario is shown in Figure 1.1.

The survey was conducted in the year 2015 on 208S5dholds of south west coastal
regions of Bangladesh. We excluded 19 householnim four analysis as the people
residing in those households migrated overseas.oO2016 households, 95% are from

two south west divisions (Khulna and Barisal) oihB&desh. In the Khulna division, |



collected the data from three coastal districts géhat, Khulna, and
Satkhira)—information from 1298 households. In Berisal division, | collected data
from six coastal districts (Bhola, Patuakhli, BarguBarisal, Perojpur, Jhalokathi), which
consist of 636 households. Information from the agmmg 98 households was collected
from randomly selected source districts in Bangsad@&he proportion of respondents from
source districts is shown in Table 1.1.
1.4.2 Survey Methods, Sample Selection, and Data Description

On behalf of the researchers of Florida Internaidsniversity (FIU), a face to face
household survey on coastal vulnerability and ihedd security was conducted by the
Evaluation and Consulting Services (ECONS) Limitedangladesh. The focus of the
survey is to identify the link between environmeistaocks (transient vs. permanent) and
the households’ migration scenario (migrate to egtavs. distant locations). For this, |
seek information through the questionnaire of midtisections in the survey that
includes—but is not limited to—the internal migaati scenario, list of environmental
shocks faced by the households, households’ saimdraphic condition, education
status of the households’ head, ownership of hgusland ownership, value of
households’ assets, credit, relief and other ecamaativities of the households. Table 1.2
summarizes the key responses of the householdsecabbve-mentioned sections in the

survey.



The survey reveals that about 60% of householdsleak migrated from one location
to another. Among them, more than 23% of houselh@ldds moved to the nearest
metropolitan city, Khulna of Khulna district; 19% the household heads migrated to the
capital city, Dhaka of Dhaka district; and morentli& % of the household heads migrated
to 35 different destination locations in Bangladésde Table 1.3). These internal migrants
are mostly permanent or long-term migrants who akamdicate an intention of returning
to their location of origin.

Regarding transient and permanent natural disagtersmajority of the households
(@about 19%) have experienced permanent environmensdocks—river
erosion—compared to transient environmental shiic&gloods (about 4%) and cyclones
(about 13%). The south west coastal region is tbst wulnerable to the effects of a rise in
sea levelA rise in sea-level is another possible causevef rerosion in the coastal region
of Bangladesh (Brammer, 2014 our sample, the majority of the households ia th
Bhola district are affected by riverbank erosiorespondents from the Barguna and
Khulna districts of Khulna division have experiedcggnificant threats from cyclones
Sidr and Aila respectively.

In the demographic section, | track the geo-codedtlon of the households, gather
information on household size, the head of the dloolsl's age, gender, religion and
marital status, availability of electricity in thesidence, and cell phone ownership among

others. The average household size found in oupleai® 5.05, which is more than the
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national average household size (4.35) of the e¢pdntThe average age of the household
head was reported as 46 years, and most housebalts have some sort of primary
education (four years on average). Most of theaedpnts are male (93%), Muslim (82%)
and married (98%). About 78% of the households haleetricity and 90% of the
household heads have a personal phone.

To get a clear picture of the economic conditiothefhouseholds, | have collected
data on earnings, assets, land and financial stymumh as credit and relief, among others.
The average annual income of the surveyed houssimibout BDT 30,000 ($US 375).
Households have only about 0.030 hectares of lan@yerage) and about 81% have their
own house made of hay, bamboo, mud and tally. ditiad, 91% of the households have
borrowed credit from both formal and informal sagcand about 50% of the households
have received some sort of relief during naturshsiiers.

1.5 Empirical Framework

To estimate theeffects of natural disasters on internal mobilitye examine the
following two interrelated research questions im study. First, which disaster shocks
(transient versus permanent) have a stronger méli®n internal migration? Second, do
the determinants of internal migration differ acrdestination?

We employ a discrete choice logit model to estemidie factors affecting internal

migration decisions.

! See Bangladesh Population and Housing Census Z@iklcan be publicly accessed at
http://catalog.ihsn.org/index.php/catalog/4376
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In L=In(i)=lnP(M)=a+BXi+8i

where M = 1 if the head of the household migrates to et location and O if there is
no migration. Xis the vector of explanatory variablgsis the parameter to be estimated
andeg;is the error term. We extend the above equatiandlyding the district fixed effects
and estimate the logistic model directly as:
Mi=a +BE +0H + W + OC +7j + g

where E is the exposure to the natural disasteorfac¢hat include both transient shock
(flood, cyclone) and permanent shock (river erosidth is the index of household
characteristics that include the size of the hoolsish and the gender, age, marital status,
religion and education of the household head. \We asked household heads whether they
had a personal phone and electricity in their exsté. The income and wealth components
are represented by the W index. This includesrtbeme of the household’s head, amount
of land owned by the household, purchase valudl agsets except land, and ownership of
the house. As a coping instrument for natural ldszawe include the amount of credit and
relief received by the household. We used theididfixed effects ¥j) to catch spatial
heterogeneity. This will allow for unobservable @weristics of the location of origin that
are correlated with the explanatory variables afidénce the decision to migrate.

While the first research question focuses on tlogéofa affecting internal migration

decisions, the second is to see the existencegidra differences in the decision of
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migration. The choice of a place for migration dege on several factors, including
socio-economic and demographic condition of the skbolds, and the nature of
environmental shocks faced by the households irsdlece location, among others. The
contact and personal preference of the migrantl{fi2016) and amenities (Von Reichert
and Rudzitis, 1992) can also influence househadasdve to a specific location.

Our multinomial logit model for migration choices motivated by the framework of
the random utility model (see Davies et al., 200he head of the household at location i
faces j choices, including moving to a differentdton (migration) or staying at the
current location (no migration). The standard wytimodel of choosing location j is

Uj = B"Xij + vj
where U is the perceived utilities of migration to locatipiXj is the vector of explanatory
variables 3" is the parameter to be estimated and the error term. If the household’s
head chooses location j, then the utilityi®)the highest among all j choices (i.ejj, Ui
w k #)). Thus, when choice j is made, the statisticatlgl for the probability of moving
from location i to location j is

P(Mj=1)=P (4 >Uik) ¥ K = |

If we have a total of n destination location cheicéhe corresponding log

likelihood function for multinomial logit model care represented as

In L =X%, NijIn P (M) =a + BXjj +vj
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where n is the number of destination location Bds the number of household heads
moving from location i to location j. In this framerk, if the head of the household does
not move, they choose to remain in the currenttiosgwhere j=i for no migration). This
is an important aspect of our multinomial logit reb@s it allows us to estimate the
unobserved differences between moving and staying.
1.6 Estimation Results and Discussion
1.6.1 Discrete Choice L ogit M odel

We used the discrete choice logit model to identifg link between nature of
environmental shock and internal migration. Tablk fepresents the results from the
estimated logit model that explains the marginéda$ of diversified factors on internal
migration decision. It is possible that some of tm@bservable characteristics are
correlated with the explanatory variables, leadothe problem of endogeneity (Davies et
al.,, 2001). To solve this issue, we used the dis(gource location) fixed effects at
household level. The graphical representation ef dhrerage marginal effects of the
significant variables (with and without districkéd effects) are presented in Figure 1.2
and Figure 1.3 respectively.

The results reveal that the permanent shock (ex@sion) is the key driver of internal
mobility. It is a situation in which households ebs a continuously deteriorating
environment that leads them to move in order toichvorther deterioration of their

livelihoods. In other words, the victims of riverosion are forced to migrate as they
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become destitute (Das et al., 2014). The impadtaofsitory shock as a determinant of
migration is mixed. It is positively significantfdood and insignificant for cyclone. The

estimated effects of flood contradict the findirgfsChen et al. (2017), who showed a
modest negative effect of flooding on internal thspment but supports the findings of
Gray and Mueller (2012), who showed that flood imaslest effects on internal mobility in

Bangladesh, especially for the women and the poor.

Henry et al. (20033laimed that environmental change is not the oalyse of internal
displacement. Rather, demographic and socio-ecancimairacteristics are associated with
the migratory movements. The size of the househwg have an ambiguous effect on
internal migration decision. In one sense, largerseholds might be able to diversify their
income by sending one of their members to a diffelecation (Li et al., 2014). On the
other hand, the larger the family size, the mofkcdit it would be to migrate due to the
associated cost of migration. This can be a passikplanation for the significant negative
coefficient of household size in our study. Thaneated marginal effects of males on
internal migration is found significantly positiv&.possible explanation in support of this
result is that the social norms and attitudes insmgiety towards males gives them more
freedom to take the decision of migration positvéige is found negatively significant
for migratory movements. A standard explanationtf@ negative age effect is that in a
finite work life, workers with higher ages are @astmotivated as workers of younger ages

since they have less time to accumulate more ind&t®enan and Walker, 2011). Married
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households have higher intention to migrate duedieased financial need for the family.
Religion (Muslim) is found significant in the absenof district fixed effects and
insignificant in the district fixed effects modélis expected that if the household members
have education, they will have more opportunityseek a livelihood in a new place
(Sandefur and Scott, 1981; De Jong, 2000). Onctwrary, Marshall and Rahman
(2013) found no evidence of education playing aale rin motivating households’
migratory movements. In our study, we have not tbany significant association between
the number of years of education of the househe#tiland their decision to migrate. Cell
phone ownership, which can be considered as a pfoxrysocial network and
communication, is found to be a positively sigrafit factor for migration in the first
model but insignificant for the district fixed efts model. Households who have
electricity in their residence have more scopelitaio news and information about the
disaster condition of the locality and about wogportunities in the other location. This
can induce them to take the migration decisiontp@ty, and we found this factor has
positive significance in the district fixed effectsdel.

The income and wealth components are complex gogdiof migration. For instance,
households who have higher annual income and weatild have higher financial
capability to migrate. On the other hand, househulldo have their own land and house in
the locality may not feel encouraged to leave theilongings and to migrate to a new

location. In our study, we found annual income lié tiouseholds to be a significant
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positive factor for migration, whereas assetssgaificant negative factor for migration.
Ownership of land and house turned out to be irnfsogmt.
1.6.2 Multinomial L ogit M odel

The multinomial logit model allows all explanatowariables to interact with all
destination choices. For the simplicity of our &, we classify the destination choices
n=j=4; where j=i indicates the households’ prefeeerio stay in the same location.
Therefore, considering staying in the same locafmnmigration) as a base category, we
can compare households’ preference to move to ¢heest metropolitan city (Khulna),
distant capital city (Dhaka) and all other citieghin the coastal divisions (others). The
estimation results of marginal effects from multmal logit model are presented in Table
1.5. In addition, the graphical representationwdrage marginal effects on migration to
each destination are shown in Figure 1.4 — 1.7.

It is observed that the permanent shock (rivesiery is the key factor of internal
migration. This variable turned out to be signifitéor all destination locations. Thus, if
there is a permanent loss of land due to riveri@ngshouseholds tend to migrate
irrespective of their location choices. It is alsadent from the study that those who are
affected by temporary shock (flood) are ready tovento the nearest metropolitan city
(Khulna) and nearest coastal cities (others) coatpér the distant capital city (Dhaka).
Like the estimation results of the discrete chdiocgt model, we have found no significant

connection between cyclone and migration to diffetecations. Thus, the key findings of
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the multinomial logit model are that the househgdd=fer to move into the nearest cities
when there is a temporary natural disaster (floed)ereas they tend to relocate any
distance when the environmental shock is more peemtan nature.

The estimation results of the multinomial logit rebdre very similar to the discrete
choice logit model. However, the most interestiag pf the results is that the explanatory
factors towards the nearest metropolitan city (lKhylare more significant than the distant
capital city (Dhaka). For instance, household hedus are male and married are ready to
move into the nearest metropolitan city as the faoehts of these two variables are
positively significant for Khulna and insignificamér Dhaka. Amount of land is only
significant negatively for Khulna. This indicatémt the households who have more land
are reluctant to leave their location due to treaurity of permanent loss of lands. Two
other explanatory factors (credit, relief) that eo@asidered as coping instrument to natural
disaster are only found significant for the locatichoice of Khulna. This means credit
eases the migratory movements of the householtteetaearest location, and relief after
natural disaster helps households to stay in theedacation.

1.7 Impacts of Migration on Per Capita Consumption Expenditures

Although the process of migration has been extehsidiscussed in the literature of
economics, only a few studies have addressed thstiqn of whether migration leads to
improvements in households’ well-being (Beegle let2011). The standard economic

theories suggest that households participate iratiagy to improve their livelihood
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(Lipton 1980; De Haan 1999; De Brauw et al., 20118}his section of our study, we not
only oversee the outcomes of migration but alserekbur analysis to measure the impacts
of migration on the consumption expenditures ofgdatwlds who moved to the nearest
metropolitan city versus a distant capital city. figure out the overall changes in
consumption expenditure of the migrants; we comgyee capita consumption expenditure
on food items, non-food items, and the sum of fand non-food items (total consumption
expenditure). We computed the per capita food edipene of the households by asking
about the quantity of certain items (rice, foodpsowheat, lentils, edible oil, vegetables,
poultry items, dairy items, salt, sugar, dry fobdyerages, among others) that they have
consumed in last seven days. The value of allabd tonsumed in the last seven days is
measured and scaled up to one month. We asked hHaddseto recall the non-food
expenditures (non-edible fuel, house rent, trartgaion cost, educational expenses,
household personal toiletries and other expensegneliture on cloth and shoes, utensils,
medical expenses, among others) of the last mdmthincludes all cash expenditures on
everything except food items. We calculate thegagita total expenditure of one month
by adding the monthly food and non-food expendituree monthly expenditure of
migrants and non-migrants (stayers) is present@alote 1.6. This shows that the average
per capita consumption of food and non-food itesnakout 7% higher for migrants than
non-migrants. The kernel density of the logarithihmonthly food expenditure, non-food

expenditure and total expenditure of migrants amatmigrants are shown in Figure 1.7 —
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1.9 respectively. This is a useful non-parame&othinique for visualizing the underlying
distribution of consumption expenditure on foodn#iood and the sum of food and
non-food items. As measured, the kernel densityheflogarithm of consumption for
migrants is shifted to the right relative to thedeo do not migrate. This supports that the
per capita consumption for food, non-food, sumoaitf and non-food (total consumption)
are higher at the average among the migrants. dtsis observed that the variations of
consumption expenditure for non-food items are ntioa@ the food items.

We distinguished the impacts of migration on tharnges in consumption expenditures
through destination locations. This is an impor&syect of our study which will allow us
to identify whether moving to the nearest metrdpalicity or distant capital city is an
effective strategy to cope with transient and/orm@mment environmental shock. The
histogram and the kernel density of the logarithimnwonthly food and non-food
expenditure of migrants in different locations gmesented in Figure 1.10 and 1.11
respectively. This shows that the households whgrate to Dhaka have higher food
consumption expenditure than those who migratehialia and other cities. However, this
does not ensure that migrating to the capital priyvides households more purchasing
power than migrating to other locations. One pdssdxplanation for food expenditure
being higher in Dhaka compared to Khulna is thé&d#ntials of price in the food items
between capital city and metropolitan city. Onaliger hand, those who migrate to Khulna

and other cities have higher non-food consumptiaperditures than Dhaka. To
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understand this, we closely observed the geo-ctmtedion of the households’ migration
to Dhaka and Khulna (see Figure 1). It is obsetyad those who migrate to Dhaka are
mostly settled (clustered) in the slum areas wheirey standards are miserable compared
to those who migrate to different areas of Khulna.

We used kernel density plot to compare the dessdf monthly food expenditure and
non-food expenditure of migrants (in logarithms)different locations (Dhaka, Khulna,
and Other cities). The kernel plot of monthly foexpenditure produces a smooth curve
showing little variation in consumption among migsain different locations, whereas the
distribution is distinctly skewed for monthly noaefd expenditure of migrants in Dhaka.
1.7.1 Empirical Assessment

To empirically assess the impacts of migratinghe nearest metropolitan city versus
distant capital city, we analyze the consumptiotcomes of the households who moved to
Khulna and Dhaka. We specify the following emgitimodel in this regard.

Aln G =a + 6AlIn Yi +BEi + 6L + OXi+ €
whereAln Ci is the households’ ratio of monthly consuroptexpenditure between after
and before migration. We run the above empiricatdjzation for three outcome variables
(monthly consumption expenditure on food items, thignconsumption expenditure of
non-food items and total consumption expenditutigodh food and non-food items). In the
explanatory variablegln Yi is the households’ ratio of monthly incomeween after and

before migration. We hypothesize that if the hoot#$h have a higher income after
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migration, this will lead them to consume more. Bleholds’ experience of natural
disasters (E) are classified into two categoriemdient (flood, cyclone) and permanent
(river erosion) shocks. This factor will help usemdify whether households who have
migrated due to transitory or permanent shocks lzter able to increase their
consumption or not. The key explanatory variablthef specification is the migrants from
different locations (). We wanted to explore whether the migrants ofddgital city or
metropolitan city are better able to cope with theaster shock by improving their
consumption. Considering other cities as the basegory, we compare whether
households are benefitted by migrating to KhulnBloaka. All other socio-economic and
demographic factors are considered in the vector Bhe estimation results are shown in
the first 3 columns of Table 1.7.

We found a significant positive association of thange in income with the change in
consumption expenditure for both food and non-fiveachs. More precisely, the increase in
income after migration leads the households tceis®e their consumption after migration.
It is also evident that those who migrated duehtottansitory and permanent shocks are
better able to increase their consumption. Thefiobafts for the migrants of the nearest
metropolitan city (Khulna) are positively signifitawith increase in consumption,
whereas the coefficient for the migrants of theitehpity (Dhaka) are found insignificant.
This is the most important and significant findiofyour study, which indicates that the

households that migrate to Khulna are better abtepe with the environmental shocks by
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increasing their consumption compared to the hanldstwho migrate to Dhaka and other
cities. It is also observed that the householdsatelarger in number and who have higher
levels of education are more able to increase ttmisumption of food and non-food
items. Being male is found negatively significantil the models. One of the key reasons
behind this is that the female migrants in our syr&re mostly involved in the ready-made
garments industry of Dhaka, and receive higher thay the males, who are mostly
involved in the informal sectors of the economy.eAbas significant and positive
associations with the increase in consumptionlithal three models. Migrants who have
more assets are significantly better able to irsgd¢heir consumption. However, both the
coefficients for relief and credit are found negely significant with the increase in
consumption. This could imply that those who hasleef are relatively more reluctant to
earn money and those who have obtained credit beveéurden of re-payment that
dissuades them from increasing their consumption.

As a robustness check, we used the interaction tdrthe migrants of Dhaka and
Khulna with the shocks that motivate them to migrathis indicates that those who
migrate due to the permanent environmental shocker(erosion) to the nearest
metropolitan city (Khulna) can increase their liielbd by increasing food and non-food
consumption. All the other interactions in the miate found insignificant. This is shown
in the last 3 columns of Table 1.7. The findingsh# other coefficient in the interaction

term model are very similar to the model withowémaction. We do not observe significant
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variation in terms of impacts by using the intei@ctterms compared to our base
specification estimations.
1.8 Conclusion

This study has explored the nexus of environmethsalsters and internal migration in
south west coastal households in Bangladesh. Qlmgrofor socio-economic and
demographic factors, we found that households rnagiae to transient and permanent
environmental shocks. However, the influence oénimdl migration is much stronger for
permanent shocks (river erosion) compared to teahshocks (flood, cyclone). It can also
be inferred that if institutional and governmenpgort were provided to the households of
vulnerable communities, some of the migration ccidde been avoided. The negative
association of relief and migration to Khulna isiadication of that. However, this might
reduce the migration caused by transient shockpdiLthe migration caused by permanent
environmental shock.

We extend our analysis to identify households’ gmeceason for migrating to the
nearest metropolitan city (Khulna) as opposed ¢octipital city (Dhaka). The findings of
our study suggest that the households prefer toennto the nearest metropolitan city
when the environmental shock is temporary, whetbay tend to relocate over any
distance when the environmental shock is more peemtain nature. Thus, permanent
environmental shock—such as river erosion—is moezaldous than any other

environmental shock as it can take all means ofigairgradually.

24



The final question that we examine in our studyceons the impact of migration on
the consumption expenditures of households who thtwehe nearest metropolitan city
versus a distant capital city. With some caveaésplserved that migration is an effective
coping mechanism only if the households migrateh® nearest metropolitan city to
survive permanent environmental shocks. This figdmas significant implications for
understanding why Dhaka is not suitable for miggaiithough most internal migratory
movements in Bangladesh are towards Dhaka citynggacity’s urban infrastructure and
opportunities of work in the formal sector are ueab absorb this huge population influx.
That is why those households who migrate to Dhalaih slums and squats and have
miserable socio-economic conditions. Thus, we ssiggelicymakers and the central
government pay close attention to environmentadljuced migrants and create greater
work opportunities and amenities for them.
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TABLES
Table 1.1 Distribution of Survey Respondents (inRéjoss the Districts of Origin

Name of the District Frequency Petaga
Bagerhat 558 27.68
Khulna 402 19.94
Satkhira 322 15.97
Bhola 243 12.05
Patuakhali 125 6.20
Barguna 124 6.15
Barisal 63 3.13
Perojpur 56 2.78
Jhalokathi 25 1.24
Others 98 4.86
Total 2016 100.00
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Table 1.2 Summary Statistics of Survey ResponsgstenVariables of Interest

Variable Definition Mean Standard
Deviation

Internal  If the head of the household has migr&ed 0.598 0.490

migration a different location (1 = yes, 0 = othisy

flood If the household has experienced flood in his 0.042 0.201
locality in the last 10 years (1 = yes, 0 = othiee)y

cyclone If the household has experienced cyclorasihocality 0.128 0.334
in the last 10 years (1 = yes, 0 = otherwise)

river If the household has experienced river emogichis  0.192 0.394

erosion  locality in the last 10 years (1 = yes, @therwise)

hhsize Number of household members 5.058 2.427

male If the household head is male (1 = yes, theratise) 0.932 0.251

age Age of the household head (in years) 46.43 7913.

married If the hh head is married (1 = yes, O =epilise) 0.985 0.121

muslim  If the religion of the household’s head igsim 0.826 0.379
(1 = yes, 0 = otherwise)

education Number of years of schooling of hous#kdiead 4.352 4.178

cell phone If the household’s head has a persdmaig 0.900 0.299
(1 =yes, 0 = otherwise)

electricity If the households has electricity veir home 0.778 0.415
(1 = yes, 0 = otherwise)

Income  Household’s annual income group (1= no ircom 4.111 3.297
2 =>0 but <10000,.......... 12>=100000)

Land Amount of land owned by the household (in &ies) 0.030 0.048

House If household owned the house (1= yes, O erwike) 0.810 0.392

Assets Market value of households all assets exaegt 10.24 1.036
(in logarithms)

Credit If the household has received credit frommial or 0.907 0.289
informal sources (1= yes, 0 = otherwise)

relief If the household has received relief aftsadter 0.501 0.500

(1= yes, 0 = otherwise)

Notes: Monetary Units are measured in domesticeogy (Taka) where $US 1 = 83.19 Taka
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Table 1.3 Internal Migration Scenarios and PlacBedtinations

Migration Scenario Frequency Percemtag
Migrate to Dhaka 381 18.90
Migrate to Khulna 472 2341
Migrate to Other Location 353 17.51

Do Not Migrate 810 40.18
Total 2016 100.00

Table 1.4 Marginal Effects from Estimated Logit Mbd

Dependent Variable

1) (2)
Internal Migration Internal Migration
District Fixed Effects: No District Fixed Effects: Yes
flood 1.143 (0.605)** 1.156 (0.657)*
cyclone 0.262 (0.283) 0.475 (0.305)
river erosion 1.758 (0.319)*** 1.925 (0.365)***
household size -0.221 (0.071)*** -0.2790(06)***
male 2.283 (1.127)** 2.373 (1.063)**
age -0.022 (0.007)*** -0.0@1007)***
married 2.627 (1.441)** 2.590 (1.551)*
muslim 0.518 (0.264)** 0.424 (0.271)
education -0.002 (0.023) -0.0182a)
cell phone 0.566 (0.334)* 0.501 (0.352)
electricity 0.224 (0.262) 0.597 (0.271)**
income 0.977 (0.091)*** 0.953 (0.090)***
land -0.017 (0.011) -0.0100a)
house -0.292 (0.283) -0.20@%6)
assets -0.286 (0.110)** -0.245 (0.120)**
credit 0.671 (0.524) 0.609 (0.564)
relief -0.468 (0.246)** -0.380.266)
constant -3.865 (2.265)* -4.758 (2.168)***
observations 1259 1259
Pseudd?? 0.62 0.64

Note: Numbers in parentheses are the corresposthnglard errors; *** Significant at 1% levels,
** Significant at 5% levels, * Significant at 10%\els.
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Table 1.5 Marginal Effects from Multinomial Logitddel

Dependent Variable
Migratekbulna

Migrate to Dhaka

Migrate to Other Cities

flood
cyclone

river erosion
household size
male

age

married
muslim
education
cell phone
electricity
income

land

house
assets

credit

relief
constant
observations
PseduR?

0.955 (0.664)
-0.454 (0.504)

1.783 (0.609)***

-0.056 (0.085)
0.771 (0.989)
-0.021 (0.012)*
1.505 (1.180)
0.821 (0.412)**
0.035 (0.041)
0.975 (0.587)*
0.265 (0.364)
1.056 (0.068)***
0.009 (0.012)
-0.793 (0.570)

-0.557 (0.183)***

1.022 (0.700)

0.095 (0.348)
-3.241 (2.335)
1259

0.4043

2.045 (0.790)***
-0.368 (0.477)
1.820 (0.460)***
-0.@1O70)**
2.939 (1.199)%*

-0.q0E08)**
3.566 (1.349)%**
0.913 (0.309)**
0.023 (0.029)
0.710 (0.383)**
0.404 (0.283)
0.909 (0.573)***
-0.044 (0.014)***
-0.42819)
-0.206132)*
1.359 (0.563)***
-0.840 (0.268)***
71T 244)%+
1259

0.4043

1.252 (0.708)*

0.362 (0.334)

168 (0.485)***

-0.248 (0.071)***

2.913 (1.214)**

-0.024 (0.009)***

2.020 (1.p53
0.191 (0.2P
048.(0.031)

0.3893((6)

0.045 (0.290)

1.011 (G8)***

-0.008 (0.010)
0.521 (0.503)
-0.263 (0.131)*

0.184 (0.466)

-0.043 (0.282)
-5.053 (2.024)**

1259
0.4043

Note: Numbers in parentheses are the correspostangard errors; *** Significant at 1%
levels, ** Significant at 5% levels, * Significaat 10% levels.

Table 1.6 Migrants and Non-Migrants Per Capita Qamgion Expenditure (in Taka)

ltems Mean Standard Deuwiati
Migrants Non-Migrants Migrants Non-Migrants
Food 4139.93 3858.18 2027.52 2152.67
Non-Food 14804.67 13837.80 17203 24586.41
Total 18944.60 17695.98 175716.1 25322.26

Note: All monetary units are measured in domesticency (Taka) where $ 1 US = 83.19 Taka.
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Table 1.7 Impacts of Migration on Change in Peri@aponsumptionAln Cy)

Food Non-Food Total Food Non-Food Total

Aln Yi 0.492*** (0.422*** 0.435*** (0.483*** (0.415*** (.428***
(0.048) (0.054) (0.052) (0.050) (0.055) @xp
transient shock  0.356*** 0.279*** 0.293** (0.374* 0.330*** (0.216**
(0.084) (0.083) (0.079) (0.101) (0.097) @@p
permanent shock 0.552*** (0.520*** 0.528*** 0.548** 0.285*** 0.570**
(0.126) (0.112) (0.111) (0.269) (0.075) @3Bp
migrate to Dhaka 0.032 -0.072 -0.045 0.059 80.0 -0.045
(0.132) (0.129) (0.127) (0.165) (0.162) (0260
migrate to Khulna 0.370*** 0.236*** 0.163** 0.294* 0.138* 0.160**
(0.070) (0.067) (0.025) (0.078) (0.076) (0.074)

Dhaka*transient shock -0.354 0.101 -0.004
(0.266) (0.276) (0.261)
Dhaka*permanent shock 0.562 0.215 0.267
(0.398) (0.313) (0.326)
Khulna*transient shock 0.056 0.230 0.188
(0.195) (0.190) (0.184)
Khulna*permanent shock 0.988*** (0.929*** (.932**

(0.290)  (0.199)  (0.207)
household size  0.103** 0.052*  0.252%* 0.106*** 056* 0.066***
(0.024) (0.026)  (0.065)  (0.023) (0.025) (0.024)

male -0.971%** -1.229**  -1.185** -0.962** -1.217* -1.173***
(0.393) (0.306) (0.308) (0.393) (0.308) (0.438)
age 0.008***  0.013*** 0.012** 0.00* 0.012** 0.011
(0.003) (0.003) (0.003) (0.003) (@BPO (0.003)
education 0.027*** 0.027*** 0.027*** 0.027*** 0.026** 0.027***
(0.008) (0.008) (0.007) (0.008) (0.008) (0.007)
assets 0.084** 0.104*** 0.102*** 0.076* 0.094 0.093**
(0.044) (0.042) (0.041) (0.044) (0.043) (0.042)
credit -0.247*  -0.285** -0.282** -0.243 -0.287** -0.284**
(0.131) (0.136) (0.128) (0.131) (0.137) (0.128)
relief -0.263*** -0.312*** -0.303*** -0224*** -0.266*** -0.259***
(0.075) (0.076) (0.073) (0.078) (0.079) (0.077)
constant -1.149** 0.428 0.628 -1.042** 0.566 a76
(0.593) (0.536) (0.529) (0.596) (0.541) (0.534)
R? 0.417 0.381 0.402 0.431 0.395 0.415

Note: (1) Number of observation is 636. (2) We éd@sflood or cyclone as transient shocks and river
erosion as permanent shocks (3) Numbers in parsggtage the corresponding standard errors; ***
Significant at 1% levels, ** Significant at 5% ldse* Significant at 10% levels.
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FIGURES

Figure 1.1 Geo-Coded Household Location of Intekigiration
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Figure 1.2 Average Marginal Effects of SignificAfariables on Internal Migration
(without District Fixed Effects)
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Figure 1.3 Average Marginal Effects of SignificAfgriables on Internal Migration
(with District Fixed Effects)
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Figure 1.4 Average Marginal Effects on Migrationbaka

Average Marginal Effects

T T T T T T T T T T T T T T T
F C RE HS M A MD MM E CP EC Y L H AT CR RF
Effects with Respect to

Figure 1.5 Average Marginal Effects on Migratiorkibulna
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Figure 1.6 Average Marginal Effects on MigrationQther Cities
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F=flood, C= cyclone, RE= river erosion, M= male,aye, MD= married, MM= muslim, E= electricity
CP= cell phone, EC= electricity, Y= income, L= Lahtk house, AT= asset, CR=credit, RF = relief
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Figure 1.7 Kernel Density Plot of Monthly Food Erpéure between Migrants and
Non-Migrants
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Figure 1.8 Kernel Density Plot of Monthly Non-FoBg&penditure between Migrants and
Non-Migrants
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Figure 1.9 Kernel Density Plot of Monthly Total Eeqaliture between Migrants and
Non-Migrants
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Figure 1.10 Histogram and Kernel Density Plot ofjpMints Monthly Food Expenditure in

Different Locations
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Figure 1.11 Histogram and Kernel Density Plot ogMints Monthly Non-Food
Expenditure in Different Locations
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CHAPTER 2
CLIMATE CHANGE AND ADAPTATION BEHAVIOR IN AGRICULTURE:

EVIDENCE FROM FARMING PRACTICESIN BANGLADESH
2.1 Introduction

Agriculture is the most important sector in theomomy of Bangladesh. It
contributes roughly 20 percent of gross domestdpct (GDP) of Bangladesh, with about
11.2 percent coming from farming, 2.7 percent frorastock and poultry, 4.5 percent
from fisheries, and 1.8 percent from forestry (Tlagnet al., 2013). Climate change and
extreme weather events in the form of floods, dntsigcyclones, and other environmental
conditions pose a direct threat to agriculturaldmaiion in Bangladesh. Indirectly, the
epidemic shocks on pestilence stricken and peatlataffects livestock, poultry, and
fisheries, which in turn affects the overall aghiotal sector. The households of rural
Bangladesh whose main source of livelihoods derfies agriculture are mostly affected
by these climate related weather and epidemic shock

In recent years, climate change adaptation hascegtt much attention. Several studies

have shown that adaptation can be the most efeeatay to reduce the adverse impacts of
climatic shocks on agricultural output (Adger et aD05; Fussel and Klein, 2006). Stern
(2007) estimates that without adaptation, climét@nge is estimated to cost at least 5% of
global GDP each year, and if a wider range of reskd impacts is taken into account, the

estimates of damage could rise to 20% of GDP oemor
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The challenge of adaptation is particularly acat®angladesh, as poverty limits the
capacity to act. Thus, | used the data from thegBalesh Climate Change Adaptation
Survey to investigate the feasibility of a set daptation measures to cope with the risk in
an agricultural sector that faces diverse climatated weather (e.g. floods, drought,
cyclones, tidal waves) and epidemic shocks (pestdestricken, pest attack/livestock
epidemic).

Some attempts have been made to understand thee rift@daptation to climate
change in the agriculture sector in Bangladesh gpmte and Maurel, 2016;
Harun-ur-Rashid and Islam, 2007; Sikder and XiagyR014; and Thomas et al., 2013).
While most of these studies have focused on diftexdaptation measures to cope with the
adverse impacts of climate change, they have ptid attention to the barriers that
farmers face in implementing appropriate adaptateasures and the outcome of relaxing
those constraints on their decision to adapt. Asawdies conducted on African countries
(Ethiopia, Tanzania, South Africa) have looked isome of these constraints and
highlighted that lack of access to credit and esitam and inadequate knowledge of
adaptation methods are major hindrances to theesaaaf adaptation to climate change
(Deressa et al., 2008; Komba and Muchapondwa, 20i@machena and Hassan, 2007,
Bryan et al., 2009).

In this study, we will attempt to answer three iirgated questions: Do climatic and

epidemic shocks have significant impact on agnicaltincome? In addition to the extent
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of climate induced weather and epidemic shockst wther factors influence the farmer’'s
decision to adapt, and how effective are thesetatap decisions? Will relaxing some of
the barriers (e.g. access to credit, agricultuxggresion, and technological improvement)
induce farmers to adapt more effectively? We hygsitte that the climate related weather
and epidemic shocks will have adverse impacts eratricultural output, and that will
induce farmers to adapt. In addition, the accessrédlit, agricultural extension, and
technological improvement will encourage more faisite adapt. Finally, we will be able
to check the effectiveness of each factors on icetypes of adaptation behaviors.
2.2 Literature Review

Most studies have examined the impacts of climalged weather shocks—changes
in temperature, rainfall, flood, cyclones, and ltideaves—on agricultural adaptation
decisions (Dasgupta et al., 2009; Cline, 2007)y®gly few studies mentioned epidemic
shocks as an indirect factor that affects agricaltitncome and induces farmers to adapt
(Walthall et al., 2013). In contrast, a few studies/e found no connection between
farmers’ perceptions of climate change and adaptg®mit et al., 1996). On a study of
Ethiopia and South Africa, Bryan et al., (2009) whd that despite having perceived
changes in temperature and rainfall, a high peacgntof farmers did not make any
adjustments to their farming practices. In thiggiu not only incorporate the impacts of
weather and epidemic shocks on agricultural incanteadaptation, but also focus on the

demographic and economic factors that influencesébalds’ decision to adapt. While
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analyzing farmers’ adaptation decision, | try toisé the literature associated with the
constraints of adaptation.

Adaptation is alternative agricultural activity tmanage the effects of climate change
(Fankhauser et al., 1999; Hassan and Nhemache@&).2ld is one of the essential
strategies for reducing the severity and cost ahate change impacts. Adaptation
measures help farmers guard against losses duent@te related weather and epidemic
shocks. Tol (2005) suggests that the increase aptaa capacity is more effective than
climate change mitigation. Among the different meas of agricultural adaptation, the
use of crop varieties, planting trees, soil constgon, changing planting dates, divergence
from crops to livestock, and irrigation are the masdely used methods in Africa and
South Asia (Kabubo-Mariara, 2009; Ajao and Ogunr2@ill; Droggers, 2004; Delaporte
and Maurel, 2018; Komba and Muchapodwa, 2012).

There are ecological (biophysical), social (noimeatand cognitive), and economic
barriers (lack of money/credit) to adaptation. lanBladesh, most of the agricultural
workers are financially insolvent to buy necessaguipment and technologies that
facilitate adaptation. It can also be argued thatfficient agricultural credit were to be
made available to the farmers, they would be ablare more labor, purchase inputs such
as fertilizer, increase the size of the plot, andstder diversified adaptation options at the

same time (Pattanayak et al., 2003; Deressa 04l8).
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Several other constraints that may directly orrgxtly influence farmers’ adaptation
decisions are lack of information, knowledge, an@@ness about climatic variation and
adaptation. To control for these, | also considgicaltural extension and information
related factors along with the socio-economic aamsts of adaptation.

2.3 Household Survey and Study Area

To estimate the impact of climatic shocks on hoakf agricultural income and
farmers ' adaptation options in Bangladesh, we tlsefirst round of Bangladesh Climate
Change Adaptation Survey (BCCAS) data. The survag wonducted from December
2010 to February 2011, covering information on dieenographic characteristics of the
households, agricultural production and incomejderce of climatic and epidemic
shocks in the locality in last five years, use efhinology and techniques in agricultural
productions, adaptation options, and the conssdimat individual farmers face when
adapting.

The household survey covered 7 broad agroecoloporas (AEZS) of Bangladesh as
grouped by the Bangladesh Centre for Advanced &udihe survey respondents are from
40 unions, in which 20 households were randomlgcietl from each sample union,
making a total sample of 800 households. The dasezi statistics of survey data are
represented in Table 2.1. This shows that the Bigmembers of households are selected
from floodplain AEZs. Figure 2.1 shows the geo-abdecation of the 40 unions in

Bangladesh from where we randomly selected 800dimlds for the study.
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2.4 Empirical Methods and Data Description

Two interrelated empirical models are adopted todoat the study. The first model
analyzes the impacts of climate related weatheregmdemic shocks on the agricultural
income. The second model determines whether threase in agricultural income through
climate related weather and epidemic shocks intlrceers to adapt to climate change.
2.4.1 The Impacts of Climate Related Weather and Epidemic shockson Agricultural
Income

Following Deressa et al. 2008; Komba and Muchap@n@012; and Delaporte and
Maurel 2018, we hypothesize that climate relatechthe shocks adversely affect
agricultural income, which in turn induces farméssadapt. We add epidemic shocks
along with the weather shocks as they indirectligcfthe agricultural income and
influence farmers’ adaptation decisions. In thetfimodel, we estimate the impact of
weather and epidemic shocks on agricultural incoiee first model posits the
following ordinary least square estimation model.

Yij=a +BW + 0E +éjj Q)
where Y is the logarithm of agricultural income hadusehold i in union/village j, W is
the exposure to climate related weather shocks itithtde flood, drought, cyclones,
tidal waves, and toxic water. E is the index ofdepnic shocks that include pestilence

stricken, pest attack /livestock epidemic. We edttre first model by considering other
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controls (agricultural plot, agricultural soil) thanay affect agricultural income. The
extension of the first model is presented below.

Yij=a +BW +0E + 5P +®S +¢ij 2
where P is the vector of the size of agriculturalt/mnd (homestead, cultivable land,
pasture, bush, derelict, and non-arable land), &nts the vector of the types of
agricultural soil (loam, clay loam, sandy loam)blea2.2 summarizes information on the
weather and epidemic shocks along with the houdshabricultural earnings, plot size,
and soil types.

The average annual income of the surveyed houwdeli®labout BDT 30,640 ($US
368), which is lower than the GDP per capita of @adesh in 2011 ($US 835.79). This
indicates that the agricultural sector is one ef shbsistence sectors of the country that
supports a poor and vulnerable group of people.cdfesider two adverse shocks on
agricultural income—weather shocks and epidemicclsfie-in our study. The
households were asked whether they experiencedhereatlated shocks—flood,
drought, cyclone, tidal waves, toxic water and epit shocks—pestilence stricken, pest
attack/livestock epidemic in their locality in tHast five years. Regarding weather
shocks, majority of the households have experierlmati (about 55%) followed by
drought (about 52%), cyclone (about 27%), tidal evdabout 7%), and toxic water
(about 2%) in their locality. While weather shockave a direct impact on the

agricultural output and income, the epidemic shobleye an indirect impact on
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agricultural income through the emergence and rergemce of diseases in livestock and
poultry productivity. The majority of the househsldited that they have experienced
pestilence stricken (about 60%) in their localitympared to the pest attack/livestock
epidemic (about 10%).

We hypothesize that the different agriculturalt@@es have a positive impact on
agricultural income. According to the survey resgemts, on average, households have
around 163.48 decimals of cultivable land, 11.66irdals of homestead plot, and less
than 1 decimals of each of the following plot—pasty0.2 decimals), bush (0.5
decimals), derelict (0.34 decimals), and non-ar&id (0.61 decimals). We assume that
the loam, clay loam, and sandy loam types of saWehnegative association with
agricultural output and income. It is observed tmatst of the agricultural plot is clay
loam type (55%), followed by loam (32%), and salahm (30%) type.

2.4.2 The Impacts of Decreasein Agricultural Income and Other Factorson
Adaptation Decisions

In this stage, we estimate the impact of a deer@agagricultural income indexed by
climate related weather and epidemic shocks orhtheseholds’ decision to adapt. we
calculate the estimated coefficients for agricatuncome from equation (1) and posit
the probit regression to oversee the factors affgadaptation decisions. This can be
represented as:

P (Aj) =¥ (Yi, Xij, Zj) + u; 3)
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whereV is the cumulative distribution function. The probay of households’ decision
to take any adaptation option j(A1) depends on the vector of the decrease in
agricultural income (), vector of household characteristics and otheroseconomic
controls (%), and the vector of agricultural and technologesiension (). Table 2.3
shows the households’ response to 22 different tatiap options that can happen
simultaneously. We computejA 1 if the household made at least one changedfpout
22) in its farming practices in response to climegtange. As shown in Table 2.3, about
91 percent of households have adopted at leastcbarge in farming practices in
response to climate change. The vector of r&fers to the demographic and
socio-economic characteristics of the householdsh ss the number of members in the
household, age of the household’'s head, genddreofidtusehold’s head, religion of the
household’s head, marital status, years of schgafrthe household’s head, agriculture
as the primary and secondary occupation of the dimld, availability of electricity in
the residence, total value of assets of the holdedaept land. We also control for
financial barriers (received of credit from fornaadd informal sources) and technological
barrier (agricultural adaptation and method otatj#) to adaptation as we hypothesize
that the relaxation of barriers will induce farmetscision to adapt. The descriptive

statistics of these control variables are presentdéble 2.4.
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The average household size found in our sample98, 4vhich is higher than the
national average household size (4.35) of the epirthe average age of the household
head was reported as 46 years, and most housebati$ thave less than four years of
education on average. Most of the respondents ale (®4%), Muslim (88%), and
married (94%). Approximately 76% of the househothds stated agriculture as their
primary source of earnings, and about 45% of thesébold heads reported agriculture
as their secondary source of earnings. In addit6f of the households have electricity
in their home and about 48% of the households baveowed credit from both formal
and informal sources. Also, about 17% of the hoaeheads have received information
from the agricultural extension agent. These extenagents provide information on soll
and water conservation, crop protection, cropatlon, and crop-livestock integration
among others. In terms of the preparation of lamdyfowing crops (tillage), the majority
of the farmers used power tiller (79%), followeddrymal (24%), and hand tool (6%).
According to Table 2.3, the top four preferred ddapn options of households are
change in irrigation (64.25%), change in crop wsri€s8.13%), change in fertilizer
(57.63%), and change in planting dates (37.63%). our analysis, we estimate the
impact of each factors on the top four adaptatiphoos selected by the households.
This leads us to identify which factors have stemigfluence on households’ decision

to choose the specific adaptation options.

1 See Bangladesh Population and Housing Census 2iklcan be publicly accessed at
http://catalog.ihsn.org/index.php/catalog/4376
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2.5 Results and Discussion

We used the least square estimation for the asabfsiveather and epidemic shocks
on agricultural income (see equation 1 and 2) anbipregression to see the impacts of
decrease in agricultural income (indexed by weatrat epidemic shocks) and other
factors on the decision to adapt (see equation 3).

The estimated results of equation 1 are presemtetiable 2.5. The least square
estimation results of column (1) shows that amdhtha climate related weather shocks,
drought, cyclone, and toxic water have significaeigative impacts on agricultural
income. The epidemic shocks—pestilence strickenpastl attack—also have significant
negative associations with agricultural incorifée consider AEZs fixed effects and
union (village) fixed effects to catch spatial Wetgeneity. This will allow for
unobservable characteristics of the location ofginrithat are correlated with the
explanatory variables and influence the decisioradapt. The results of fixed effects
estimations are consistent with the base regresssguits. It is also noticeable that under
union fixed effects, all the climate related weatlsbocks significantly reduce the
agricultural income. Between the two epidemic slspgestilence stricken have stronger
significant negative impacts on agricultural incoocoenpared to pest attack.

The estimated results of equation (2) are presemiebiable 2.6. The results are
consistent with the results of equation (1) andegsected the size of the agricultural

plots—homestead, cultivable land—are found podiiveignificant for agricultural
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income. All the three types of soil—loam, clay lgasandy loam—decrease the
agricultural income significantly.

we estimate the impacts of agricultural income €ietl by weather and epidemic
shocks) and other factors on farmers’ decisionad@pt. This is presented in Table 2.7.
Findings of the study suggest that a one percemntam decrease in agricultural income
through climatic and epidemic shocks induce housishio adapt by almost 2 percentage
points both in model (1) and (2). Among all theestlemographic factors, household
size, gender, years of education, and occupatiomégpy) are found influential factors
for households’ decision to adapt. In addition,stkhevho have the advantage of having
greater tangible assets are more prone to adapbthars.

Lack of access to credit is one of the major besrencountered by farmers to adapt
to the climate change (Enete and Amusa, 2010).ddein(2) of Table 2.7, we test the
hypothesis that the use of credit has a signifipasitive impact on adaptation decision.
We have found a significant positive associatiothwiredit and farmers decision to
adapt. It is also observed that the knowledge fimgmcultural extension agents on
agricultural production, protection, and propetizakion of resources have significant
positive impacts on adaptation decisions. Househaldo used power tiller as a tillage
are more inclined to the decision to adapt tharsehoho used hand tool or animal as

tillage.
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Based on the households’ response to adaptatioanspfsee Table 2.3), we have
found that the change in irrigation, change in crapety, change in the use of fertilizer,
and the change in planting dates are four mostepexf adaptation options for the
households. Table 2.8 represents the impacts of ia@tors on each of these adaptation
options.

We have found that the decrease in agriculturabnme due to the climate related
weather and epidemic shocks influence householdbaage all the adaptation options
except change in the planting dates. Among alldémographic and socio-economic
factors household size, education, and agriculagea primary occupation are found
highly significant for almost all the selective atktion options. It is also observed that
the availability of credit and knowledge from agitiaral extension agents on
agricultural production, protection, and propedizakion of resources have significant
positive impacts on all the selective adaptatiotiong except the change in planting
dates. Households who used power tiller as a él@g more inclined to the decision to
adapt than those who used hand tool or animal legedi This is found strongly
significant for all four adaptation options. Thus,can easily be inferred that the
relaxation of financial and technological barriesl induce farmers to adapt more.

2.6 Conclusion
Unlike the previous studies that show the impadtglimatic shocks on farmers’

adaptation decisions, we conduct a study on rueaigBadesh to see the impacts of
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weather and epidemic shocks on agricultural incamet their influence on households’
decisions to adapt. Findings of the study sugdedtthe decrease in agricultural income
due to climatic and epidemic shocks will induce $eholds to adapt. The adverse
impacts of climate related weather and epidemiclshon agricultural income suggest a
number of adaptation options that can be effectovédace the challenges of climate
change in Bangladesh. | believe the study will sigsolicymakers in ranking the best
possible adaptation options for the farmers andsvt@ayromote them.

The deficit of financial support, limitations of igang agricultural knowledge and
technological support are the key constraints afskebolds’ capacity to adapt. Thus, we
extend our analysis by relaxing the constraint d@pation and investigate whether
credit, agricultural extension, and technologicaport plays any significant role in
encouraging farmers to adapt more effectivelys found that the households are willing
to adjust their crop variety, irrigation pattermdause of fertilizer if they have the
availability of credit, agricultural knowledge, angower tillage for technological
support. In other words, the availability of creditreases the financial strength of
farmers and their ability to meet costs associatgld various adaptation options. The
agricultural knowledge helps farmers to identifyavichanges of farming practices are
needed at what time, and the advantage of techicalogupport makes it easier for the
households to employ the adaptation options tlthiae the adverse impacts of climatic

and epidemic shocks in agriculture.
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TABLES

Table 2.1 Distribution of Survey Respondents (inRé)oss the Agroecological Zones

Name of No. of Unions  Number of Households cBetage
AEZs in each AEZs  in each AEZs

Barind Tract 4 80 10
Beel and haor basin 5 100 12.5
Floodplain 10 200 25
Himalayan piedmont plain 5 100 12.5
Modhupur Tract 4 80 10
Northern and Eastern Hills 5 100 12.5
Tidal Floodplain 7 140 17.5
Total 40 800 100

Source: Bangladesh Climate Change Adaptation Survey
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Table 2.2 Households Responses on Climate and maidghocks, Agricultural Plot and
Soil, and Agricultural Income

Variable Definition Mean Standard
Deviation
flood If the household has experienced flood inlbéslity 0.55 0.49
in the last 5 years (1 = yes, 0 = otherwise)
drought If the household has experienced droughisitocality 0.52 0.49
in the last 5 years (1 = yes, 0 = otherwise)
cyclone If the household has experienced cycloresitiocality 0.27 0.44
in the last 5 years (1 = yes, 0 = otherwise)
tidal wave If the household has experienced tidalenin his 0.07 0.26
locality in the last 5 years (1 = yes, 0 = otheeyi
toxic If the household has experienced toxic watdrs 0.02 0.15
water locality in the last 5 years (1 = yes, 0 bentvise)
pestilence If the household has experienced pesélstricken in 0.6 0.49
stricken  his locality in the last 5 years (1 = y@s; otherwise)
pest If the household has experienced pest attack i 0.1 0.3
attack his locality in the last 5 years (1 = yes, @herwise)
homestead Size of agricultural plot (homestead)eainy 11.66 11.42

the household (in decimal)
cultivable Size of cultivable land owned by the selold (hh) 163.48 306.45

pasture  Size of agricultural plot (pasture) owngdhe hh 0.2 2.99

bush Size of agricultural plot (bush) owned bylthe 0.5 2.19

derelict ~ Size of agricultural plot (derelict) ownlked the hh 0.34 2.85

non-arable Size of non-arable land owned by thesélooid 0.61 5.87

loam If the agricultural plot soil is ‘loam’ type 3P 0.46
(1 = yes, 0 = otherwise)

Clay loam If the agricultural plot soil is ‘claydm’ type 0.55 0.49
(1 = yes, 0 = otherwise)

sandy loam If the agricultural plot soil is ‘sanidam’ type 0.30 0.46

(1 = yes, 0 = otherwise)
agricultural Household’s annual income from agtietdl source 30640.52  148544.9
income  (in Taka)

Notes: (1) All agricultural plot sizes are in deeails1 (2) Agricultural income is measured in donmesti
currency (Taka) where $US 1 = 83.19 Taka
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Table 2.3 Households Responses to Adaptation Gption

Adaptation Options

Frequency Percentage

Decision to adapt

Change crop variety

Change crop type

Increase amount of land under production

Change soil and water management technique
Change pattern of crop consumption

Mix crop and livestock production

Mix crop and fish farming production

Change field location

Build water harvesting scheme for domestic consionpt
Build water harvesting scheme for crops

Build water harvesting scheme for livestock

Build diversion ditch

Plant trees for shading

Change irrigation/More Irrigation

Buy insurance

Change from crop to livestock production

Change from livestock to crop production

Seek off farm employment

Migrate to other location

Set up communal seed bank/food storage facilities
Change planting dates for Aus/Aman/Kharif/Boro/Rabi

Change fertilizer application in Aus/Aman/Kharif/@dRabi

725
465
142
121
44
39
28
24
52
93
97
7
116
17
514
6
7
13
121
19
8
301
461

90.63
58.13
17.75
ds5.1
5.5
4.88
3.5
3
6.5
11.63
12.13
80.8
14.5
2.13
64.25
0.75
0.88
1.63
15.13
2.38
1
37.63
57.63

Source: Authors’ calculation from Bangladesh Clien@hange Adaptation Survey
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Table 2.4 Summary Statistics of Survey ResponsgstenVariables of Interest

Variable Definition Mean Standard
Deviation
household size Number of household members 498 9 21
age Age of the household’s head in years 4552  913.6
male If the household’s head is male 0.94 0.23
(1 = yes, 0 = otherwise)
muslim If the religion of the household’s head is .88 0.31
muslim (1 = yes, 0 = otherwise)
married If the household’s head is married 0.94 230.
(1 = yes, 0 = otherwise)
years of education years of schooling of housekdidad 3.5 4.15
primary occupation If the primary occupation of titmisehold’'s  0.76 0.42
(agriculture) head is agriculture (1 = yes, 0 =eottise)
secondary If the secondary occupation of the Huldé&s 0.45 0.49
occupation head is agriculture (1 = yes, 0 = otis®)
electricity If the households has electricity veir home  0.49 0.46
(1 = yes, 0 = otherwise)
assets Market value of households’ assets (in 10g)10.03 1.46
credit If the household has received credit 0.48 0.49
(1 = yes, 0 = otherwise)
agricultural If the household’s head receivedieglrom  0.17 0.37
extension extension agents (1 = yes, 0 = othejwise
hand tool If the household used human powerasa .06 0 0.23
method of tillage (1 = yes, 0 = otherwise)
animal If the household used animal as a mettiod d0.24 0.42
tillage (1 = yes, 0 = otherwise)
power tiller If the household used power tilleraasiethod 0.79 0.4

of tillage (1 = yes, 0 = otherwise)
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Table 2.5 Impact of Weather and Epidemic Shockagnicultural Income
Dependent Variable: Agricultural Income

1) 2) 3)

No Fixed Effects AEZs Fixed Effects Unieixed Effects
Flood -0.040 (0.130) -0.112 (0.135) -0.382 (0.210)*
drought -0.282 (0.148)** -0.558 (0.287) -0.987 (0.410)***
cyclone -0.401 (0.150Q)*** -0.778 (0.286)*** -0.949.306)***
tidal wave -0.245 (0.301) -0.381289) -0.460 (0.421)
toxic water -1.060 (0.414)*** -0.893 (0.406)** -1.128 (0.372)***
pestilence stricken -0.361 (0.210)** -0.222 (0.152 -0.386 (0.162)***
pest attack -0.287 (0.174)* -0.294 (0.181)* -0.38276)*
constant 9.924 (0.177)*** 10.570 (0.243)*** 12.244 (0.927)***
observations 671 671 671
R? 0.167 0.199 0.275

Note: Numbers in parentheses are the correspostingard errors; *** Significant at 1%
levels, ** Significant at 5% levels, * Significaat 10% levels.
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Table 2.6 Impact of Weather and Epidemic Shockagrnicultural Income (Control for
Agricultural Plot Type and Soil Type)

Dependent Variable: Agricuéuincome

(1)

No Fixed Effects

(2)

AEZs Fixed Effects

(3)
Umibixed Effects

Flood

drought
cyclone

tidal wave

toxic water
pestilence stricken
pest attack
homestead
cultivable land
pasture

bush

derelict

non arable land
loam

clay loam
sandy loam
constant
observations

R

-0.179 (0.115)
-0.610 (0.133)***
-0.620 (0.131)***
-0.363 (0.294)
-1.053 (0.359)***
-0.299 (0.142)**
-0.294 (0.181)*
0.392 (0.140)**
0.004 (0.001)***
-0.009 (0.006)
-0.002 (0.018)
0.006 (0.009)
0.004 (0.005)
-0.005 (0.001)***
-0.067 (0.036)*
-0.295 (0.060)***
9.371 (0.184)***
671
0.287

-0.148 (0.379)
-0.910 (0.376
-0.769 (0.272)***
-0.16861)
-2.021 (1.003)**
-0.267 (0.864
-0.124 (0.181)
0.311 (0.124)***
0.005 (0.000)**
-0.008 (0.015)
0.008 (0.023)
0.003 (0.016)
0.001 (0.008)
-0.005 (0.001)***
-0.0@6031)**
-0.326 (0.028)***
10.222 (0.825)***
671
0.321

-0.223 (0.118)*

-0.376 (0.143)***

-0.29D.174)*
-0.528 (0.254)**
-0.760 (0.354)**
-0.494 (0.157)***

-0.263§3)
00B@®. 150)***
0.004 (0.000)***
-0.012 (0.015
0.003 (0.023)
0.004 (6)01
1 (©0008)
0.005 (0.001)**
-0.054 (0.032)*

-@G (0.029)***

9.834 (0.221)***
671
0.398

Note: Numbers in parentheses are the correspostangard errors; *** Significant at 1%
levels, ** Significant at 5% levels, * Significaat 10% levels.
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Table 2.7 Factors Affecting Households DecisioAdapt (Probit Estimation)

Dependent Variable: Bemn to Adapt

1)

)

-0.263 (0.114)*
0.091 (0.050)*

In agricultural income
household size

age 0.013 (0.006)**
male 0.681 (0.308)**
muslim -0.160 (0.293)
married -0.519 (0.409)

0.072 (0.041)*
0.494 (0.220)**
0.258 (0.193)

years of education
primary occupation (agriculture)
secondary occupation (agriculture)

electricity 0.542 (0.327)*
In asset 0.170 (0.098)*
credit

agricultural extension

hand tool

animal

power tiller

constant -0.271 (0.859)

observations 669

Pseudo R 0.233

-0.221185)***
0.129 (0.065)**
0.018 (0.007)**
0.806 (0.380)**
-0.284 (0.368)
-0.354 (0.473)
0.067 (0.026)*
0.649 (0.248)***
0.300 (0.270)
0.165 (0.205)
0.250 (0.145)*
0.024 (0.013)*
0.521 (0.271)**
-0.325 (0.215)
0.123 (0.267)
0.274 (0.139)**
-0.607 (1.693)
669
0.416

Note: Numbers in parentheses are the correspostingard errors; *** Significant at 1%
levels, ** Significant at 5% levels, * Significaat 10% levels.
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Table 2.8 Factors Affecting Households Decisioth® Selective Adaptation Options

Dependent Variable

(1) A Irrigation  (2)A Crop Variety (3 Fertilizer (4)A Planting Dates

In agricultural
income
household
size

male

muslim
married
years of
education
primary work
(agriculture)
secondary work
(agriculture)
electricity

In asset
credit
agricultural
extension
hand tool
animal
power tiller

constant

observations
Pseudo R

-0.100**
(0.037)
0.069**
(0.031)
0.111
(0.276)
-0.288
(0.202)
-0.129
(0.273)
0.073*
(0.039)
0.408**
(0.174)
0.127
(0.140)
0.179
(0.126)
0.238*
(0.131)
0.022**
(0.011)
0.670%*
(0.135)
-0.541*
(0.332)
-0.135
(0.143)
0.451 %+
(0.162)
-1.301*
(0.741)
664
0.295

-0.384*
(0.180)
0.554%*
(0.264)
0.309

(0.288)
-0.065

(0.166)
-0.189

(0.303)
0.033**

(0.017)

0.263*

(0.147)
0.061
(0.150)

0.033
(0.134)
0.212
(0.139)

0.007*
(0.004)
0.646%+

(0.254)
-0.352*

(0.197)
-0.124
(0.217)

0.697*+*

(0.265)

-2.982%x

(0.742)

664
0.365

-0.280**
(0.121)
0.244*
(0.144)
0.183
(0.243)
-0.241
(0.189)
-0.018
(0.122)
0.034**
(0.015)
0.285*
(0.177)
0.111
(0.230)
0.123
(0.120)
0.084*
(0.047)
0.195*
(0.108)
0.243*
(0.141)
-0.160
(0.284)
-0.147
(0.157)
0.230*
(0.133)
-1.445
(0.612)
664
0.380

-0.018

(0.043)
0.027
(0.191)
0.409*
(0.250)
-0.006
(0.026)
-0.321
(0.258)
0.137**
(0.067)
0,537+
(0.158)
0.159
(0.122)
0.454%%*
(0.131)
0.062
(0.048)
0.126
(0.109)
0.195
(0.139)
-0.039
(0.142)
-0.028
(0.113)
0.279*
(0.161)
-1.151*
(0.639)
664
0.285

Note: Numbers in parentheses are the correspostimglard errors; *** Significant at 1% levels, **
Significant at 5% levels, * Significant at 10% Iéve
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FIGURE

Figure 2.1 Geo-coded Household Location AcrosAtiieecological Zones (AEZS)

[ Junions in household survey

[0 Barind Tract
Beel and haor basin
Floodplain
Himalayan piedmont plain
Modhupur Tract
Horthem and eastem hills
Tidal food plain

Source: Thomas et al., (2013). IFPRI DiscussiorePaip. 01281.

66



CHAPTER 3
HOUSEHOLD PREFERENCES FOR ADAPTATION:

STATE VS. FEDERAL APPROACH FOR MANAGING COASTAL
VULNERABILITY

3.1 Introduction

Hydro-climatic forces affect coastal areas in marmys. Coastal environments and
communities are sensitive to sea level rise, warooean temperatures, storm surges,
severe rainfall events, flooding, landslides, oceaification, and ocean circulation.
Often, densely populated communities in low-lyirgastal areas are more vulnerable to
natural disaster than those in inland areas (Bathi Das, 2016; Barbier 2014). In the
United States, more than 150 million people in 6@&stal counties are exposed to extreme
weather events and climatic shocks (Ruth et aD/720During the last two decades, the
coastal counties on the Atlantic and Gulf coastgehaxperienced intense hurricanes,
including Irma, Harvey, Sandy, Wilma, Ivan, KatrjrRita, Ike and many others. These
hurricanes resulted in thousands of fatalitiegjriep and illnesses, disruptions of public
utility services, and financial losses through mmp damage and destruction of
infrastructure.

Hurricane Sandy, classified as one of the costAdéisintic hurricanes in US history,
made landfall on October 29, 2012 (Manuel, 2013hdy was blamed for more than 200

deaths and an estimated monetary loss of US$ li@bih the United States (Kunz et al.,
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2013). According to Sullivan and Uccellini (2012% states across the northeastern and
mid-Atlantic region were severely affected by theadly storm. The coast of central and
northern New Jersey and New York City metropoliemea suffered most from this
catastrophic cyclone. The governor’s office of Nésvsey and New York estimates that
the total damages to the states are about $ schtzind $ 19 billion respectively (Blake
et al., 2013). With these damages in mind, we ltavelucted a household survey in the
specific hurricane Sandy affected counties to wstdad residents’ preferences for an
adaptation fund to manage coastal vulnerability.

Although disasters triggered by extreme weathentsvare disruptive to coastal
communities and their economies, disaster prepassdprovides great opportunities to
take proactive actions that can significantly redube adverse effects of coastal
vulnerability and the additional threats posed lbpate change and sea level rise (Burkett,
2012). Available literature indicates that housdkpprivate sectors, and governments are
three distinct units of an economy that can plajgaificant role to reduce vulnerabilities
from current and future hazard events by increadiagard awareness, improving
community resilience, and restoring coastal envirents (Ewing et al., 2010; Birkmann,
2007; Kent 2011; Godschalk 2003; Barbier 2014).

Adaptation in terms of proactive (ex-ante) mitigatipolicies can be more effective
than reactive (ex-post) mitigation strategies (betet al., 2007). However, designing

comprehensive ex-ante measures is challenging iagalves an assessment of how to
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generate and manage the fund at the state ancféelexl. Very few studies have explored
ex-ante mechanisms to finance adaptation and peorasilience. With a few exceptions,
Mozumder et al. (2014) found that more than onetfoaf homeowners would be willing
to pay to finance a hurricane mitigation fund ioria. The residents of New Orleans
metropolitan area are willing to pay $301 for catgg5 storm protection; this figure is
$509 for the other U.S. citizens in the sample (rgret al., 2011). The study by the
Multihazard Mitigation Council (2005) showed that) average, a dollar spent by the
Federal Emergency Management Agency (FEMA) on ldapaitigation provides the
nation with about $4 in future benefits.

Since the support for adaptation funds can havdicatpns on the state or federal
income taxes and households’ budgets for goodsamtes, it is pertinent to know how
much money households are willing to pay for theppsed adaptation funds managed by
either state or federal agencies. Thus, the kegatibg of our paper is to analyze and
compare households’ preferences, in the form of thidingness to pay (WTP), between
state and federally managed adaptation funds tamza the adverse impacts of coastal
hazards.

3.2 Factors Affecting Risk Mitigation Decision in Coastal Communities

Proactive mitigation strategies could decreaseldbke of human life as well as the

massive economic impacts of hurricanes. Peacoak €005) argue that the first step in

planning mitigation strategies is fully assessingtng hazard risks. Despite state and
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federal actions, households may reassess thearsktbkeir own and practice mitigation
measures accordingly. Whether individuals intenthk@ actions to mitigate risks is often
based on their past experiences and expectatidnsuoé hurricanes.

Baker et al. (2012) conducted a survey on the heha¥ 538 residents in suburban
New York City, the coastal regions of New Jersewr\and, Delaware, and southeastern
Virginia to determine households’ perceived riskd apreparatory actions towards
hurricane Sandy. Their survey questions focusetth@knowledge and information about
the warning of the storm; threat perceptions; lshibrt and long-term preparation actions;
evacuation intentions; and experience of previtmsrss, among others. The study showed
that those severely impacted by storms often engagetigation, while those who have
experience with hurricanes without substantialdsssiay downplay the risks and forgo
mitigation.

Socioeconomic and demographic characteristics agancome, age, and education
can also affect mitigation decisions and risk essest. Apart from these characteristics
and personal experiences, another important factaitigation decisions is the insurance
policy of the households that are in place to cala@nages caused by hurricarsch of
the attention surrounding hurricane mitigation dixis focuses on what households can
do to protect their homes against the impacts oidanes (Ge et al., 2011; Peacock, 2005;
Simmons and Wilmer, 2001; Young et al., 2012). Aricane can cause massive damage

to homes in a variety of ways: powerful winds catagh the roof, debris can break
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windows, garage doors can be torn down, and walisbe compromised or collapse. In
such cases, households are more interested illimgtaindow shutters to protect their
home from the storm.

In attempting to assess the overall impacts ofitame Sandy, special attention lies on
understanding the level of public risk perceptioowards hurricanes and coastal
vulnerabilities. With regards to extreme evertis, perception of risk plays a crucial role
in the decision-making process. Risk is essentaillyassessment of the level of hazard a
certain event presents to a decision-maker (Dagldedwin 2007; Riad and Norris 1998;
Peters and Slovic 1996; Whitehead et al., 2000he definition and assessment of risk
inherently incorporates subjectivity (Slovic and hég 2002). As such, risk is a concept
that people contend with when dealing with uncattaiand possible dangers in life
(Slovic, 2001). In the context of natural hazandshsas hurricanes and predispositions to
coastal vulnerability, this perception of risk fsem a primary factor in prompting people to
take actions to reduce these risks (Dash and Ghed@07; Riad and Norris 1998; Peters
and Slovic 1996). Thus, the most widely used factbat drive adaptation behaviors to
mitigate risks are socioeconomic and cognitive aldes, experience, and perceived
responsibilities (Koerth et al. 2017; Mozumder &t2014; Paul and Routray, 2011,
Terpstra 2011, Kievik and Gutteling 2011).

In this paper, we not only pay attention to alknexplanatory factors but also focus on

households’ intention to generate adaptation fuatithe state and federal level to
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understand how effective financing these fundsnidaking preventive measures. In
addition, we also give insights into whether shaort (5 years) or long run (10 years)
adaptation funds are more preferable for the hanldshat the state and federal levels.
3.3 Fund for Adaptation: State VS. Federal Approach

Historically, environmental regulations were primhadesigned and managed by the
state and local governments in the United StateefA2007; Vogel et al., 2012; Revesz,
2001). However, after the emergence of the NatiBnaironmental Policy Act (NEPA) in
1969, the federal government’s role has increasguifisantly (Goulder and Stavins,
2011). The current notion of environmental fedsraliis not limited to environmental
pollution and regulation, but also deals with tieks of natural disaster and adaptive
actions. Yet the setting of environmental standastil$ has some striking anomalies
(Oates, 2001). For instance, it is not clear whypaansurance policies are regulated by the
state agencies, while flood insurance policiesnaa@aged by the federal agencies. It is a
matter of argument that the state agency may ndtus¢ed with the responsibility for
setting environmental standards as they can p@ergconomic development over the
interests of the environment (Oates, 2001). Howestates with coastal areas have
decades-long experience in addressing multiplerenwiental stresses. They are often on
the front lines in responding to natural disast&specially with a focus on aiding

vulnerable communities (Rosenzweig and Solecki4201

72



While dealing with the impacts of natural disasiarthe coastal areas of the United
States, policy analysts mostly focus on the respansl recovery strategies. For instance,
state and local governments are the first lineroémgency response in disasters. They
boast fire, police, emergency medical services,eandrgency management agencies as a
response to disaster. At the federal level, thpaese and recovery are mostly associated
with the funding facilities. Federal assistance,asuged as a proportion of hurricane
damage, has grown significantly over the last tliteeades to help communities recover
from severe disasters. Since 1989, FEMA has speme rthan 13 billion dollars to
implement long-term hazard mitigation projects ihieth 76% of total mitigation grant
funding has been allocated for hurricane, storrd,flood related disasters (Davlasheridze
et al., 2017). On the other hand, states haveue aa approved State Hazard Mitigation
Plans (SHMPs) to receive federal disaster mitigafionding from FEMA (Babcock,
2013).

Though the analysis of Sandy's impacts emphasizedé¢ed for fast response and
recovery, the priority should be taking adaptiveamees before the hurricane hits.
Forming an adaptation fund beforehand will allow 8tate and federal agencies to take
number of actions that can reduce the impacts sdstier. For example, flood resistant
buildings can withstand the damage of floods; msicl and community safe rooms can
shield people from wind and debris; and homes @alévated to reduce flood damage.

These steps build resiliency against disasterscandeduce the need for costly response
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and recovery efforts. The most essential thing eéddr implementing this is to mobilize
sufficient funds at the state and federal level.

Given this backdrop, the key question is, who kel to contribute to the proposed
adaptation fund at the state and federal levelreavd much will they contribute? Though
there is no straightforward answer to that questiocan be inferred that society should
bear the responsibility of investing in adaptatigrarber, 2007). More precisely, the
homeowners who are the beneficiaries of the mibgabolicy have a reason to pay for it.
Besides, the fund can also be collected throudb stdederal taxes as it benefits the entire
community. We hypothesize that the household peefs¥s for an adaptation fund are
sensitive to how it is managed (state vs. fedemal) the associated time range. For
instance, households may prefer a state adaptétimh in the short term to receive
immediate benefits of food, clothing, and tempoishiglter etc. On the contrary, a federal
adaptation fund may be preferred in the long rurestore economic activity, and rebuild
community facilities, infrastructure, and familyusing for the successful recovery from
future hazards.

3.4 Survey Design and Sampling Procedure
3.4.1 Study Area

An online survey was developed to investigate hioolsis’ preferences between state

and federally managed adaptation funds to minintime adverse impacts of coastal

hazards.The GfK group (formerly knowledge networks) condutthe survey between
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July 12 and July 22, 2013 on behalf of the reseaschf Florida International University
(FIVU). GfK uses their unique panel (KnowledgePandi®respond to the survey. GfK’s
KnowledgePanel® is a probability-based panel in olwhall members have equal
probability of selection. The survey sample comrsistf representative adults who live in
the specific hurricane Sandy affected counties @wNersey, New York, Connecticut,
Maryland, Massachusetts, Virginia, Delaware, Pelvasya, Rhode Island, and West
Virginia. The panel sample selection methodologgdutor this study also corrects for
nonresponse and noncoverage biases in the partedf @276 participants, 2028 (61.9%)
completed the survey. GfK’'s KnowledgePanel® adnénesd the response rate for the
sample used in this survey. This response rateeipércent of cases that qualified for the
survey from the total number of participants th@npleted the survey. With the qualified
response rate of 59.76%, a total of 1212 usablporeses were received through this
probability based representative survey. The ptapoof respondents from each state is
shown in Table 3.1. This shows that the majorityesponders are from NY, NJ, MD, and
PA respectively. Among them, more than 50% of #spondents are from NY and NJ.
3.4.2 Survey M ethods and Sample Selection

Finding a hypothetical valuation that provides asled value estimates for public
goods and services is a challenging task (Cummargs Taylor, 1999). Contingent
valuation (CV) methods are effective in this regardli are widely used in the stated

preference economics literature to obtain estimatesnarketed, non-marketed, and
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environmental goods (Landry et al., 2011; Petrahd Kim, 2009; Petrolia et al., 2014,
lvehammar, 2009). Furthermore, this is a handy otkth evaluate preferences for public
policies or projects that have not been implemegpetd

This induced us to use dichotomous CV methods teestigate preferences or
willingness to pay (WTP) for adaptation funds. Tluestionnaires designed in our studies
have a “referendum-style” structure that is comniorthe split-sample CV studies to
determine the support for adaptation funds at e sand federal levels. While answering
these stated preference CV questions, the respodght to believe that his or her
response could potentially influence decision mgkand should be aware of the outcome
of the decision making (Carson and Grooves, 20@rs@ et al., 2004)

The split-sample CV methods are designed to septratfull sample into two or more
sub-samples so that we can get the estimator fdr sab-sample independently (Petrolia
et al., 2014; Habb and McConnell, 2002). Anotheraatlage of using the split-sample is
to avoid both anchoring and ordering bias in a dansprvey study. During decision
making, anchoring bias occurs when individualsarsmitial piece of information to make
subsequent judgments and ordering bias arises mesponses are affected by thrder of
answer choices. The use of split-sample rules otht Bnchoring and ordering bias and
makes respondents state their preferences as tadgwas possible on SAF and FAF.

The split-sample tests that are done in CV studresplanned for policy purposes

where policy makers are interested in two or mate@me variables (Carson et al., 2001).
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In our case, we split the full sample (1212) it tsubsamples (606 each) and randomly
ask the households about their willingness to @aySIAF irrespective of their choice of
FAF and vice versa. In addition, we used the falinple to determine the combined
adaptation fund (CAF), which is the support for afythe proposed adaptation funds
(state/federal). Results of this stated preferestady may be useful to policy makers to
determine whether the fund should be raised thrdhglstate or federal income taxes in
the future.

3.4.3 Survey Questionson SAF and FAF

Our split-sample survey questions are designeeterchine two interrelated things of
the study: first, to figure out the households’ WADIP the proposed SAF and FAF, and
second, to know whether households are in favarsiforter time frame of 5 years, or the
longer time frame of 10 years for payment througitedfederal taxes.

We randomly select half of the total responden@§)&nd ask the referendum-voting
guestion on SAF as follows.

“Suppose that a referendum will be held for a peggb“SAF”. This fund will be
managed at the state level and will mobilize resesirstatewide to support proactive
measures to minimize the adverse effects of hureisand related events such as costal
restoration, flood protection and improved transgawn. If this proposal is approved, an
increase of ($100/$200/$300/$400/$500) will be gbdrin your state income taxes in each

of the next (5/10 years). It is also notable thathsincrease in income taxes implies a
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decrease in your budget for goods and services asiéhod, health care, etc. Would you
vote in favor of (Yes) or against (No) the propoS&d=?"

The survey response to this question is present@&dble 3.2. For each dollar amount,
more respondents said “no” to the proposed SAHRJimgato an overall 64.36% “no”
response rate. The other 35.64% of respondentsatedihat they would vote “yes” for the
proposed SAF. The same response rate and brealafala“yes/no” responses applies to
identify the time preference for the payments tigiostate taxes. The survey response to
this part is shown in the left panel of Figure 3The respondents favored the longer
payment time frame of 10 years (112 favorable reses) over the shorter payment time
frame of 5 years (104 favorable responses).

We asked the similar referendum-voting questionFéi to the other half of the
respondents as follows.

“Suppose that a referendum will be held for a pegagb“FAF”. This fund will be
managed at the federal level and will mobilize tgses nationwide to support proactive
measures to minimize the adverse effects of hureisand related events such as costal
restoration, flood protection and improved transgawn. If this proposal is approved, an
increase of ($100/$200/$300/$400/$500) will be gkdrin your federal income taxes in
each of the next (5/10 years). It is also notdtde $uch increase in income taxes implies a
decrease in your budget for goods and services asiéhod, health care, etc. Would you

vote in favor of (Yes) or against (No) the proposéd=?”
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The survey response to this question is present@dble 3.3. For each dollar amount,
more respondents said “no” to the proposed FAHRitgato an overall 64.69% “no”. The
other 35.31% of respondents indicate that they eooke “yes” for the proposed FAF.
The same breakdown of the “yes/no” responses apdialentify the time preference for
the payments through federal taxes. The surveynrsspto this part is shown in the right
panel of Figure 3.1. The respondents favored tleteshpayment time frame of 5 years
(120 favorable responses) over the longer paynimet frame of 10 years (94 favorable
responses).

3.5 Empirical Framework and Variables of Interest

We design the empirical framework to determine tharginal effects of the
explanatory factors on the support for proposetk stad federal adaptation funds and to
figure out the WTP of the households for these mmmg. This induces us to apply
dichotomous CV methods by imposing payments (hicep) that will be acceptable to the
respondents if they want to support the statedertd fund. The willingness to pay for the

proposed hurricane mitigation fund (state/fedasafjssumed to follow a log-linear form

INWTP = + ¢ (1)

where WTP for adaptation funds is a function ofidetor of explanatory variables (X)
that include perceived risk, temporal variations] ather household characteristifds

vector of coefficients to be estimated, and the stochastic error term. The dichotomous
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approach used in this study does not allow us tectly observe INWTP. This can be
observed indirectly, given that households are ebgakto provide a favorable answer to
the dichotomous CV question only if their INnWTPgieater than or equal to the InBID
presented in the contingent scenario (Mozumdet.eP@14; Lopez; 2012). In that case,
the probability of observing a positive responseeqithe values of the explanatory
variables is given by:

P (Y =1X) = P (InWTP > InBID)

=P (Xg + £ > InBID)

=P € >InBID — XB)

Assuming thate ~ N (0,62), we have

P(v=1))=P @ > "ERXE)
Y 111311:5—x’|3 )
P (Y =1x) =b (? —InBID é ) )

where# ~N (0,1) andd () is the standard cumulative normal. This is simitathe
traditional logit model. Thus, equation (2) can é&&imated by using the maximum

likelihood estimation (MLE) method to solve fdands. The other option is to directly use
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the discrete choice logistic command and estintegddllowing.
P (Y =IX) = aX + &lnbid + e 3

By doing so, we obtain the estimates for equat®)raé:

=
1
o |

(the vector of coefficients associated to eachadribe explanatory variables),

S
I
1

(the coefficient for the variable capturing thecamt of the bid).

o | =

The ultimate objective pursued in our CV studydsestimate WTP along with the
confidence intervals for the state and federal $ufithe median WTP can be computed by

using the coefficients of equation (3) as follows:
WTP = el X@/d) (4)

Since WTP measures are non-linear functions omeséid parameters, procedures
such as delta method are inappropriate as theg sighmetric confidence interval. Thus,
we used Krinsky and Robb 95% confidence intervah&asure median WTP as a better
estimator (Creel and Loomis 1991; Jeanty 2007; HaabMcConnell 2002; Park et al.,
1991).

The definition and descriptive statistics of explomy and outcome variables used to
estimate equation (3) are shown in Table 3.4. Rtedescriptive statistics, we found that
about 35.6% support SAF and 35.3% support FAR #lso observed that about 52% of

those who prefer to support SAF are ready to ma&e payments through state income
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taxes for the next 10 years as opposed to thebngadrs. On the other hand, about 56% of
those who prefer to support FAF are ready to mh&e payments through federal income
taxes for the next 5 years as opposed to the fexedrs. This means that the respondents
who are in favor of SAF prefer to make their cdmitions over a comparatively long run
(10-year state tax) basis, while those who areaworf of FAF prefer to make their
contributions on a short run (5-year federal teegib.

We expect a positive association between evacuadioth adaptation funding
(state/federal). People who evacuated during Sahdg firsthand experience of
vulnerability. They are more likely to realize theed for building an adaptation fund for
protecting their house, improving the transportatiacilities to evacuate, and other risk
reducing measures. In our study, we have found @#ypeople were evacuated during
hurricane Sandy. The reason behind the low evamuatite was that most respondents
(more than 87%) were not informed about the evamoaotice.

Insurance may have an ambiguous effect on implangatiaptation measures. One
can hypothesize that the relation between insurandesupport for an adaptation fund is
likely to be negative because those who have paishéurance premiums and are covered
by an insurance policy may not feel the urge tardounte to the fund for adaptation. Since
most of the respondents (59%) in our study havararce policies to cover damage
caused by hurricane Sandy, they may prefer to ibutér less to the SAF and FAF

compared to those who had no insurance policy t@rcthe damage. On the contrary,
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potential benefits/credits on the insurance pofi@y stimulate respondents to undertake
the mitigation measure and encourage them to payéofund (Botzen et al., 2009).

The explanatory factor, window protection, is ird#d to represent preparedness to
cope with hurricane events. This is expected tpdsgtively correlated with the support for
a fund as it can help mitigate hurricane relatedahds. In addition, those who are
interested in increasing their safety through prtitg their windows are likely to be more
willing to pay for the proposed fund. The binargirators expectation and concern depict
perceived hurricane risks, which are expected @ laapositive effect on the household’s
willingness to pay for the proposed (state/fedeaalaptation fund as a risk reduction
strategy.

Socioeconomic variables such as income, age, adacand household size may have
an impact on adaptation behavior and willingnespdg. We hypothesize a positive
association between income and support for fumiteSthe cost of adaptation is a batrrier,
households with higher incomes are more likelyap for the SAF and FAF. Age can have
a bidirectional effect on willingness to pay for adaptation fund (Koerth, 2016). Older
people living in coastal areas may have more knadgdeand experience of hurricanes than
others. This will lead to a positive associatiotwsen age of the respondent and support
for the fund. On the other hand, older householdg rate the benefits of adaptation lower
than younger households due to their residualddagGe et al., 2011). Respondents with

a higher education level are more likely to sup@ataptation measures (Richert et al.,
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2017; Poussin et al., 2014). Thus, we hypothesipes#tive association between higher
education and willingness to pay for adaptatiordfive do not make any prior hypothesis
on household size as it may affect the willingrnespay in either a positive or negative
way.
3.6 Results and Discussion

Based on our split-sample survey design, we rundikerete choice logit model
(equation 3) for two outcome variables, i.e., suppar SAF and support for FAF. The
geo-coded location of respondents in support ofptlposed SAF and FAF is shown in
Figure 3.2. We also consider a third outcome végiak CAF; that is, the combination of
the first two outcome variables. More precisely, A the support for any of the
adaptation funds (state/federal). We run two déiferdiscrete choice logit models (Model
1 and Model 2) for each of these three outcomebsas. In Model 1, we only consider the
cognitive and perceived risk related explanatomyaldes, whereas in Model 2 we include
socioeconomic variables along with the cognitive gerceived risk related explanatory
variables. Thus, Model 2 can be considered asuthenbdel of our study. Table 3.5 and
Table 3.6 show the marginal effects of these eséichimgit specifications of WTP models
for three outcome variables.

We present both models to show the considerableedegf robustness in terms of
estimated marginal effects and WTP estimates. Tkak& Information Criterion (AIC) is

used to compare models across different sampléslg#l being equal, the model with the
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smaller AIC (Model 2) is the better fitting modéh. contrast, the Bayesian Information
Criterion (BIC) favors a more parsimonious modetafcation (Model 1) over the full
model (Model 2). While comparing two models on #zene data, Pseud® would be
higher (Model 2) for the model with the greater likglihood. Since the sign and estimated
coefficients of Model 2 (full model) are similar dodel 1, and both the value of AIC and
PseudoR? tend to support the model with household charisties, we emphasize our
discussion on the results of Model 2.

In Model 2, the estimated coefficient on the bidapaeter is negative and significant
for all three outcome variables. This implies thatincrease in the bid amount would
decrease the probability of respondents’ supparttiie proposed SAF and FAF by
approximately 47% points and 26% points respectivehis means the respondents are
more sensitive to the bid for the SAF than FAF. €semated coefficient for the duration
of federal income tax is negatively significant tbe FAF. This implies that respondents
who are in favor of FAF are more willing to paydbgh federal income taxes for the long
run (10 years) compared to the short run (5 yeaf@h the other hand, the estimated
coefficient for the duration of state income taxat significant for SAF. This reveals that
the respondent prefers FAF for the long run mitayapolicy, whereas for the SAF, they
have no specific time preference. The long rungatton policies for a federal fund are

also supported by some other studies (Benson ad2003; MMC 2005; Hunt 2016).
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The estimated coefficient on concern is positiv@bnificant for both SAF and FAF.
This suggests that the households who are moreenoeat about the impacts of hurricanes
are willing to pay more for the adaptation fund.idtalso notable that the estimated
coefficient of concern is higher for the SAF congghrto the FAF. The estimated
coefficient of insurance is found negatively sigraht for SAF but insignificant for FAF.
This implies that households who are already irdtoethe hurricane related damages are
less interested in paying for the SAF. Other cogmitand perceived risk related
explanatory variables (evacuation, window protegtiare found to be insignificant for
both SAF and FAF.

Socioeconomic factors have significant effects onseholds’ WTP. Though the sign
of the coefficients for income, age, education, hodsehold size are similar for both SAF
and FAF, their levels of significance are differdfr instance, age and household size are
found negatively significant for the state adaptatiund but insignificant for the federal
adaptation fund. On the other hand, income andataurcare found positively significant
for the FAF but insignificant for the SAF.

We also test for the multicollinearity to make sumé@ependent variables are not linear
combinations of each other. According to the gdmaita, variance inflation factor (VIF)
exceeding 4 requires further investigation, whild-\éxceeding 10 is a sign of serious
multicollinearity that needs to be corrected. TheamVIF of the models in our study is

less than 2, which means there is no major coneeémulticollinearity. Based on the
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estimated coefficients of Model 1 and 2, we cortgtKrinsky and Robb 95% confidence
interval of median WTP for all three outcome valegb This is shown in Table 3.7 and
depicted in Figure 3.3 for the convenience of usterding.

According to the WTP estimates (Table 3.7), houkishare willing to pay more for
the SAF than FAF in both models. Specifically, iodél 2 (full model) households are
willing to pay $ 68.37 for the SAF compared to $35/for the FAF. One argument in favor
of higher WTP for SAF is that households may haweswered federal government is
likely to play a more active in post disaster marmagnt than pre-disaster management.
Thus, while they are willing to pay for the propdselaptation fund, they believe that the
fund would be better utilized at the state levelntiat the federal level. In addition, the
adaptation program managed by the federal governmay need to pass through various
levels of subnational fiscal and regulatory polayd may be subject to more bureaucratic
scrutiny (Shobe and Burtraw, 2012). Thus, implemegnteffective policy for risk
mitigation can be costlier and more time consunanthe federal level compared to the
state level.

Several earlier studies have supported decenttializaver centralized actions of the
federal governments to mitigate hurricane or floelhted disaster (Skidmore and Toya,
2013; Goodspeed, 2013; Escaleras and Register,).2@Eeral factors are worth
mentioning in this regard. First, local knowleddays an important role for household

level adaptation decisions and may positively afitate-managed adaptation programs
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(Adger et al., 2009). In addition, state governraeare often in a better position to know
what infrastructure investments are needed in a@itgdoefore and after a natural disaster
(Goodspeed, 2013). The issue of free riding cawm &le taken into consideration.
Whenever actions are taken by the federal goverhraeme states may free ride on others
and may not contribute the share that reflectsr thigite-specific risk exposures, and
household preference for adaptation may be impdmtelat. All these factors are likely to
contribute to lower WTP for FAF.
3.7 Conclusion

In this paper, we analyze households’ participaitiotmhe implementation of proactive
adaptation measures to mitigate coastal vulnetgbiBiven that hurricane is a natural
phenomena and we cannot control its character@&igs, intensity, time left for landfall,
storm surge etc.), we proposed a fund to managstaloaulnerability. By using the
split-sample for a proposed State Adaptation FIB@&H) and Federal Adaptation Fund
(FAF), we apply the discrete choice logistic maaledl show that households are willing to
pay more for a State Adaptation Fund (SAF) compmeeFederal Adaptation Fund (FAP).
It can also be inferred that households considee stgencies more suitable than federal
agencies in managing extreme weather-related disasks. On the other hand, federal
agencies play an important role in disbursing fulodslisaster-management risk.

Williams (2012) has used an analytical approactviduate the efficiency of state and

federal actions on environmental policy. One ofriggor findings of his paper is that the
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state and federal taxes for implementing envirortalepolicy yield more efficient
outcomes than federal command and control policytddver, if the states are more likely
to supplement the national tax with their own taxéss will lead to a more efficient
outcome than a national tax alone. This suggeatshiere is a need of an optimal mix of
responsibility between state and federal governsnpromoting adaptation and disaster
management activities. More generally, householalg consider contributing to both state
and federal funds to manage coastal vulnerabilityclosing, we believe that this study
provides some insights for policymakers to realigeether adapation policies to reduce
climate change and coastal hazards risk shoulddmaged at the state or federal level or a
combination of both. Given that the United Statas & significant number of populations
living in coastal areas that are exposed to inangdsvels of vulnerabilities, we hope that
the analysis will be useful for future planning poses.
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TABLES

Table 3.1 Distribution of Survey Respondents (inrcBetage) Across States

Name of the State Percentage of Survey Responden@umulative Percentage
Connecticut 6.87 6.87
Delaware 2.74 9.60
Massachusetts 3.95 13.56
Maryland 10.26 3.2

New Jersey 25.91 49.73

New York 33.45 3.88
Pennsylvania 10.10 93.27
Rhode Island 2.73 96.00
Virginia and West Virginia 4.00 100.00

Table 3.2 Willingness To Pay (WTP) for State AdéiptaFund (SAF)

State Bid Amount Total
Fund 100 200 300 400 500

0 55.00 62.10 70.00 69.23 65.57 64.36
1 45.00 37.90 30.00 30.77 34.43 35.64

Table 3.3 Willingness To Pay (WTP) for Federal A@dépn Fund (FAF)

Federal Bid Amount Total
Fund $100 $200 $300 $400 $500
0 61.48 63.56 57.03 73.11 68.91 64.69
1 38.52 36.44 42.97 26.89 31.09 35.31

96



Table 3.4 Definition of Variables of Interest andd@riptive Statistics

Variable Definition adn Standard
Deviation

SAF If the respondent is in favor of the SAF 0.356 0.479
(1 = yes, 0 = otherwise)

FAF If the respondent is in favor of the FAF 0.353 0.478
(1 = yes, 0 = otherwise)

CAF If the respondent is in favor of eitherfSér 0.359 0.481
FAF (1= yes, 0 = otherwise)

Instate bid Natural log of the annual contribatto the SAF  5.567 0.571

Infederal bid Natural log of the annual contribatito the FAF  5.561 0.567

Inbid Natural log of the annual contributianany of 5.564 0.568
the SAF/FAF

state tax time If the respondent is in favor & thyears state 0.485 0.501
taxes for SAF (1= yes, 0 = otherwise; 10 years)

federal tax If the respondent is in favor of thgears federal 0.561 0.497

time taxes for FAF (1= yes, 0 = otherwise; 10rgka

tax time If the respondent is in favor of 5 yestiate/federal 0.521 0.499
taxes for CAF (1= yes, 0 = otherwisey&@ars)

evacuation If the respondent evacuated when faumreic 0.076 0.265
Sandy hit (1= yes, 0 = otherwise)

Insurance If the respondent has an insuranceypiicover 0.590 0.265
damages caused by Sandy (1= yes, Oerwite)

window If the respondent had window protectiamig 0.055 0.227

protection Sandy (1= yes, 0 = otherwise)

expectation If the respondent thinks that his hartiebe 0.754 0.511
affected by hurricane in the next 10rgea

concern If the respondent is concerned abountpacts  0.512 0.501
of intense hurricane (1= yes, 0 = othee)i

income Household’s income group (1= less than 13.152 4.155
5000; 2 = 5,000-9,999; ....... 19 = 90,000+)

age age of respondent (in years) 52.91 15.43

education respondent’s years of education (inbern 11.371 1.640

hhsize number of household members 2.49 1.285
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Table 3.5 Marginal Effects from Estimated Logit (/b 1)

Variable State Adaptation Federal Adaptatiddombined Adaptation
Fund (SAF) Fund (FAF) Fund (CAF)

Instate bid - 0.434 (0.156)*** - -

Infederal bid - - 0.247 (0.160) -

Inbid - - - 0.322L108)***

state tax time
federal tax time
tax time
evacuation
insurance
window protection
expectation
concern
constant
observations
Pseudd??

AIC

BIC

- 0.151 (0.178)

0.478 (0.329)

- 0.300 (0.179)*
0.584 (0.415)
0.144 (0.211)
0.814 (0.188)**
1.456 (0.872)*
596

0.047

759.947

795.082

- 0.359 (0.)88
0.075 (0.262)

- 0.209 (0.199)
0.358 (BB9
0.379 (0.233)*

0.392 (0.193)**
0.625 (0.911)
582

0.023

675

709

- 0.215 (0.125)*
0.352 (0.228)
-0.241 (0.126)**
0.448 (0.269)
0.278 (0.153)*
0.540 (0.129)**
0.918 (0.615)
1178
0.030
15169
155127

Note: Numbers in parentheses are the corresporglargdard errors; *** Significant at 1% levels, **
Significant at 5% levels, * Significant at 10% lése
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Table 3.6 Marginal Effects from Estimated Logit (&b 2)

Variable State Adaptation Federal Adaptation Combined Adaptation
Fund (SAF) Fund (FAF) Fund (CAF)

Instate bid -0.473 (0.161)*** - -

Infederal bid - -0.263 (0.163) * -

Inbid - - - 0BR0.110)***

state tax time -0.121 (0.181) - -

federal tax time - - 0.367 (0.193)** -

tax time - - - @(0.126)*

evacuation 0.467 (0.357) 0.117 (0.265) 0.330 (0.240)

insurance - 0.307 (0.186)* - 0.285 (0215 - 0.260 (0.126)**

window protection  0.621 (0.416) 0.429 (0.416) 0.502 (0.281)*

expectation 0.154 (0.218) 0.312 (0.238) 0.257 (0.155)*

concern 0.828 (0.195)*** 0.435 (0.196)** 586 (0.131)***

income 0.014 (0.027) 0.058 (0.029)** 021 (0.018)

age - 0.012 (0.006)* - 0.008 (0.007) - 0.008 (0.004)*

education 0.088 (0.068) 0.134 (0.071)** 0.102 (0.048)**

household size - 0.298 (0.097)*** - 0. 112 @) - 0.153 (0.597)***

constant 1.815 (1.221) - 0.851 (1.311) 0.242 (0.853)

observations 596 582 1178

Pseudd?? 0.071 0.046 0.043

AIC 746.870 668.243 1495.925

BIC 799.552 719.150 1556.784

Note: Numbers in parentheses are the corresposthnglard errors; *** Significant at 1% levels,
** Significant at 5% levels, * Significant at 10%\els.

99



Table 3.7 Krinsky and Robb 95% Confidence Intenadl$/edian Willingness To Pay
(WTP) for Model 1 and Model 2

Model Variable  Median WTP Lower Bound épBound ASL*
State Fund 63.82 2.47 22.01 0.000

1 Federal Fund 25.50 0.23 59.67 0.008
Fund (Combined) 40.72 1.17 88.79 0.008
State Fund 63.82 2.47 22.01 0.000

2 Federal Fund 25.50 0.23 59.67 0.008
Fund (Combined) 40.72 1.17 88.79 0.008

Notes: *Achieved Significance Level (ASL) is fossteng H: WTP<=0 vs. H: WTP>0.
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FIGURES

Figure 3.1 Average Willingness To Pay (WTP) for Breposed State Adaptation Fund
(SAF) and Federal Adaptation Fund (FAF) for Nexarsl 10 Years
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Figure 3.2 Geo-coded Household Location and ThreifelPence for the Proposed State
Adaptation Fund (SAF) and Federal Adaptation FuraR)
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Figure 3.3 Median Willingness To Pay (WTP) Estinsatgth Lower and Upper Bounds

from Model 1 and 2
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CHAPTER 4
CONCLUSION
4.1 Summary and Contribution of the Dissertation

In general, weather is considered as the short-teamation of rainfall or
precipitation whereas climate is the long-term agerof the weather. The common link
between extreme weather events and climatic shackshe deviation of short term or
long-term changes of weather. In other words, ditnahocks are the frequency of
extreme weather events that include severe rajritathding, cyclone, drought, river
erosion, sea level rise, salinity, tidal wave amotitgrs.

Climate change poses a serious challenge to tha@epebdeveloping and developed
countries. However, the magnitude of vulnerabiMgries in terms of geographical
location, living and economic condition of the helslds, infrastructure among others.
That is why it is not feasible to implement a umfoadaptation strategy to manage
extreme weather events and climatic shocks for teteloping and developed countries.
This motivates me to investigate the country speeiflaptation strategies to cope with
natural hazards.

It is evident from the scientific literature thaamyladesh is amongst the developing
countries most affected by climate change. Peapiegl in the coastal communities,

subsistence farmers, and the very poor have thesibeapacity to cope with the natural

104



disaster. Therefore, | use the data from Banglaftegpursuing the adaptation research for
the first and second chapters of my dissertation.

In the first chapter, | conduct a study on the talasommunities of Bangladesh to
identify whether internal migration can be consetkeas an effective coping instrument
to transient and/or permanent environmental shdék&lings of the study suggest that
migration is an effective coping mechanism onlth# households migrate to the nearest
metropolitan city to survive permanent environmeskecks.

The second chapter of my dissertation focuses enhtiuseholds of Bangladesh
whose main source of income comes from the agulltsector. These subsistence
farmers are challenged by several factors includingather and epidemic shocks, lack
of earnings and financial support, illiteracy amsufficient knowledge on adaptation
strategies, lack of support from the public andvae sectors among others. The
findings of the study suggest that farmers are yeladchoose several agricultural
adaptation options to minimize the loss of agratdt income driven by climatic
shocks. It is also evident that farmers who obtaiore credit from formal and/or
informal sources, are more willing to adapt.

Despite of the fact that the developed countriesgetter instruments to cope with
natural hazards than the developing countries, Hreystill in need of implementing
proactive mitigation strategies to manage extrereather events and climatic shocks.

With this motive in mind, in chapter three | ex@dhe adaptation strategy to manage
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coastal vulnerability in United States. Since degel countries have greater scope of
generating funds for adaptation, | attempted tcestigate whether these funds can be
generated at the state or at the federal levekrGivat home insurance in the United States
is managed at the state level and flood insurasaeanaged at the federal level, it is
relevant to know whether households are willingay for the state adaptation fund or for
the federal adaptation fund to manage coastal vaibhiley. The findings of my study
suggest that households consider state agencies sudable than federal agencies in
managing extreme weather-related disaster risksaemdhus ready to pay more for the
state adaptation fund.

4.2 Policy Implications and Scope for Further Resear ch:

In three different chapters of my dissertationttémpted to exhibit how internal
migration, agricultural adaptation, and fund forapthtion can be used as a coping
instrument for managing extreme weather eventscanuitic shocks. | believe that this
study provides some useful insights for policymakerrealize which adaptation strategies
are more effective and for which country. It iscaévident from the study that the role of
local, state, federal government, and private sgégtocrucial to climate change response
strategies by disbursing financial support (creditief), and education (knowledge on
climate change and adaptation options) to thoseambaulnerable to disaster shocks.

For further adaptation research, | want to invesdéighe extent to which the livestock

sector is impacted by the environmental and epideimcks and analyze the effectiveness
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of different adaptation strategies to cope witk as it relates to livestock productivity in

the context of developing and developed countries.
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