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Abstract

Statistical data reveals that increase in natwat@strophes over the last two decades has been
taken place due to climate change in most parhefworld (Birkmann and von Teichman,
2010). Bangladesh, a South Asian LDC, has recéetiy reported as in the worst position of
long-term climate risk (Germanwatch, 2010). Mosttlid devastating disasters, especially
cyclones which are very likely to be the effectscbate change, hit the coastal belt of
Bangladesh each year. As a consequence, socioemowaimerability is emerged among the
coastal communities.

This study attempts a synergistic interdisciplinagyproach to investigate vulnerability,
poverty, capacity and adaptation-options for hoakihin Koyra upazila of southwestern
coastal Bangladesh. Using an index, adopted f@mmunity-based Disaster Risk Index
(Bollin and Hidajat, 2006), vulnerability of coakst@ommunity is quantified. This
vulnerability index consists of five domains showvspecific vulnerability (such as- physical,
economic etc.) in union (community) level. This exdprovides numerical values for each
union inKoyrawhere a higher value indicates higher level of eudbility.

The nature and extent of relationship between valribty and important socioeconomic
parameters oKoyrais investigated in this study. Hence, we examined vulnerability and
poverty are related to each other. We furthermesgifted the relationship of poverty with
domain-wise vulnerabilities in different unions Kéyra. Later we used ‘land ownership of
households’ instead of poverty to address the dgpat households and investigated its
relation with vulnerability. We also investigatedlationships of social capital, literacy,
household-size and vulnerability (both domain-wasel aggregate) with poverty, and with
land ownership.

Finally we proposed a number of adaptation optiarigch can also be treated as mitigation.
We drew these options as recommendation based pmiegthdata analysis and FGD (Focus
Group Discussion) findings. We emphasized on cépaufi households irKoyra while
recommending for these adaptation strategies. Wieleded this study by mentioning the
areas where further research might be possibledonaplish a more integrated study in the
realm of climate change, vulnerability, adaptatéord mitigation. The findings of this study
will be helpful for the local and national level lmy-makers of Bangladesh in formulating
upcoming adaptation planning for coastal areas.
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Glossary

Adaptation
Adjustment in natural ohuman systemis response to actual or expected climatic stiroultheir
effects, which moderates harm or exploits bendfapportunities (IPCC, 2007c).

Adaptive capacity

The ability of a system to adjust tlimate changdincluding climate variabilityand extremes) to
moderate potential damages, to take advantage priymities, or to cope with the consequences
(IPCC, 2007c).

Climate change

Climate change refers to any changeslimate over time, whether due to natural variability oraas
result of human activity. This usage differs fromattin theUnited Nations Framework Convention
on Climate Change (UNFCCCWwhich defines ‘climate change’ as: ‘a change lohate which is
attributed directly or indirectly to human activityat alters the composition of the glob&ihosphere
and which is in addition to natural climate varidpiobserved over comparable time periods’ (IPCC,
2007c).

Greenhouse gas (GHGS)

Greenhouse gases are those gaseous constitud¢hésathosphergboth natural andnthropogenic
those absorb and emit radiation at specific wagghenwithin the spectrum of infrared radiation
emitted by the Earth’s surface, the atmospherechndis. This property causes tireenhouse effect
Water vapor (HO), carbon dioxide(CQO,), nitrous oxide (MO), methane (Ck andozone(O3) are
the primary greenhouse gases in the Earth’s atneosplAs well as C& N,O, and CH, the Kyoto
Protocoldeals with the greenhouse gases sulphur hexafei¢8E6), hydrofluorocarbons (HFCs) and
perfluorocarbons (PFCs) (IPCC, 2007c).

Household
Usually a family, where all members share dailydfémm the same pot.

Mitigation

An anthropogenidntervention to reduce the anthropogenic forcinghefclimate systemit includes
strategies to reduggeenhousegas sourcasd emissions and enhancmigenhouse gas sink®CC,
2007c).

Mouza
It is the smallest cluster of administratitive laiehy of Bangladesh. It consists of a number of
communities in a small area.

Union
It is the lowest tier in the local level governmddsually it consists of a number of villages.

Upazila
It is a kind of sub-district. It consists of a nuanlof unions.



Dedicated to....

The marginal people of coastal communities in Bangladesh,
Who are not Climate Refugees but rather Climate Warriors......

Who are never hopeless while fighting with climatic catastrophes



Chapter ONE
I ntroduction

1.1 Background

The world is undergoing a broad set of global cleandjke changes in population density,
climate, resource use, land use, biodiversity, armanization and globalization processes.
Climate change is one of the drivers of global ¢fganvhich has over the years been received
strong focus by scientists, policy-makers and |leadd the world (Vitousek, 1994). At
present climate change is considered as emergatgigihreat that not only induces physical
environmental impacts but also affects the sodractures, economic factors and the overall
development process (Birkmann and von Teichman,0R0This emerging threat has
introduced a new social community namé@limate Refugee’especially for the affected
developing nations. The UN currently states thatrenoefugees are displaced by
environmental catastrophes than wars, and the nuaofltee climate refugee is more than 25
million which is likely to become 50 million in cang decades (Myers, 2002). Out of those
25 million people about 10 million are from Afrieeho are directly affected by the climate
change via droughts. The second largest groupis froastal areas of Asian countries, who
are affected by natural disasters like cyclonesinstsurges, floods, salinity and droughts
(Anon, 2010).

The cumulative effects of climate change exacerlbatel and water insecurity, loss of
biodiversity and ecosystem, environmental degradaaind human insecurity through social
conflict, political conflict and violence in thefatted developing countries (Adger and Kelly,
1999). Hence, the socioeconomic structures areromded in these countries where the
affected people are compelled to switch over octops: for livelihood. These are the people
who can no longer ensure a secure livelihood inr thegin of dwelling (Myers, 2002).
Together with climate change effects, populatioaspure problem and hardcore poverty
have induced a notable change in the whole econsimicture of these countries. As a result,
these countries are suffered from chronic socigresuc inequality and social instability
(Barnett and Adger, 2007).

Bangladesh often makes top news all over the wéttdvever, unlike most other countries,
it is not because of politics but for devastatiragunal catastrophes causing huge death tolls
and massive destruction. This South Asian LDC,esiner independence in 1971, has been
struggling with a number of socioeconomic and sqaibtical problems such as- rapid

population growth, poverty, illiteracy, gender disipy, slow economic growth, institutional

Climate Change and Socioeconomic Vulnerability: 1
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inertia, political instability, violence and so oBut from last two decades she started
struggling with a new problem- the adverse effeftslimate change in the form of natural
disasters (Miliband and Alexandar, 2009). Over st two decades these disasters have
become regular phenomena contributed miserablersuff to millions of inhabitants who
are vulnerable to the climatic shocks (GoB, 2003a).other words, climate risk for
Bangladesh is relatively higher than most othemtaes of the world. Th&lobal Climate
Risk Indexprepared by Germanwatch shows that Bangladeshtap af the ranking of most
affected countries by climatic extreme events dkerlast two decades. Table 1.1 shows the

overall ranking made by Germanwatch.
Table 1.1 Long term Climate Risk Index (CRI) for most affected countries for period 1990-2008

199%-?008 Country CRI Score | Death toll* | Deaths/thousand* | Total looses in million US$ PPP* | Losses per GDP in %*
1 Bangladesh 8.00 8,241 6.27 2,189 1.81
2 Myanmar 8.25 4,522 9.60 707 2.55
3 Honduras 12.00 340 5.56 660 3.37
4 Vietnam 18.83 466 0.64 1,525 1.31
5 Nicaragua 21.00 164 3.37 211 2.03
6 Haiti 22.83 335 4.58 95 1.08
7 India 25.83 3,255 0.33 6,132 0.38
8 Dominican Republic 27.58 222 2.93 191 0.45
9 Philippines 27.67 799 1.1 544 0.30
10 China 28.58 2,023 0.17 25,961 0.78

* Annual

Source: Germanwatch, 2010

On basis of above-mentioned table, it is easy toredend why Bangladesh was cited
numerous occasions in COP15 held in Copenhagef@df. At present this country is more
likely to be exposed towards climatic extreme ese¢han most of the countries in the world
(UNFCCC, 2009a). These events, in form of natuisdsters range from ravaging cyclones
to devastating floods (Muhammad, 2007). Followirabl€ 1.2 provides an overall idea on
most devastating disasters occurred in Bangladeske garly twentieth century. This table

shows that the most common disasters are Table 1.2 Disaster-log in Bangladesh since early 1900s

Disasters Time Disasters Time
flood and cyclone. Recent IPCC assessnekpidemic 1918 Cyclone 24-5-1985
Drought 1943 Flood 22-7-1987
reports (TAR, 2001 and AR4, 2007) al$OCyclone | October 1942 Flood August 1987
Cyclone 28-5-1963 Flood June 1988
I’eveal that over the |aSt two decadeS bOt (U)/clone May 1965 Cyclone 29-4-1991
. . Cyclone June 1965 Cyclone 15-5-1995
the above-mentioned disaster-events h V& ood July 1968 Flood 5.7-1998

. . _Cyclone 12-11-1970 Flood September 2000

become more frequent and devastating [fof, July 1974 Flood 20-6-2004
. L. Drought July 1983 Cyclone 15-11-2007
Bangladesh. It is learnt from IPCC reports = May 1984 Cydlone 27052009

that £-10% increase in wind speed is v 5o EV-DAT. 2010

likely during the cyclone-season in Bangladesh thatild eventually enhance storm surge
and coastal flooding, while 10-20% increases ofdairiensity can cause floods both in coast
and inlands as the cyclone makes land fall (Agravedlal., 2003). It has been assessed that

an increase of 2° C temperature and a 0.3 m sehrlsg would cause a cyclone in the costal
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belt of Bangladesh as strong as cyclone of 199%hdumore, such a cyclone is likely to
result in a 1.5 m higher storm surge that may i@@0% more land than 1991 cyclone (Ali,
1996). The most recent example of costal cyclan@assible effect of climate change is
SIDR which battered the coastal belt in Banglad®si5" November 2007. The wind speed
was about 220 to 240 km/hour and at least 3,11Blpewere reported as dead and more than
10,000 were missing; the damage due to this dishatbbeen around US$ 2.3 million (EM-
DAT, 2009). The intensity of SIDR was not less thlha 1991 cyclone in some part of the
coastal areas and the impact was even more thanRbehermore, on 27 May 2009,
another devastating cyclone named AILA hit the Seméstern part of Bangladesh and West
Bengal of India, which exacerbated the suffering ttee affected people in Bangladesh;
although an early warning system enabled the ewacuaf an estimated 2.7 million people
to higher ground and cyclone shelter-houses (BBID9 It is predicted that a single meter
rise of sea level would inundate more than 18%hefdoastal belt and will affect 11% of the
total country’s population. Two-third of the whateuntry is only 10 m above the sea level,
therefore, about 13 million of the total populatioray likely to be homeless and become
environmental refugees as the victim of climatengfiag process (Huqg et al., 1999). Khulnha
and Barisal, the costal divisions of Bangladeshrelaively disaster-prone, where about 3.2
million people are at risk and about one-eightihaf country’s agricultural lands and more
than 8,000 communication networks are likely toalffiected due to climate change effects
(Parvin et al., 2010).

1.2 Statement of the problem

About one third of the territory of Bangladesh isliohited as coastal areas which are
combined of distinctive opportunities, diversifigdreats and vulnerabilities (Harun-or-
Rashid et al., 2009). It is because coastal aremssegs different geo-physical and
environmental characteristics that distinguishdbastal zone from rest of the country. These
distinctive characteristics are an interplay o&kicegime, salinity in soil and water, cyclone
and storm surge; with economic and social implareti on the population (PDO-ICZMP,
2003). Hence, such identical geo-physical patteaa introduced a completely different
livelihood pattern, where people are involved walected coastal economic activities like
fishing, salt production, fry collection from theasand resource collection from the adjacent
mangrove forest (Ahmed, 2003, Islam, 2004).

Although the coastal areas are much more fertild far agricultural production, these areas
are relatively income-poor compared to the reghefcountry. Average per capita GDP (at
current market price) in the coastal zone was U&bid 2008, compared to US$ 621 for the
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whole country on average (CDP, 2009, GoB, 2009&jerd are ten different ethnic
communities living in the coastal zones and theyehaomplete different cultures and
livelihood patterns. Along with the non-tribal pé@epthose ethnic communities completely
depend on the coastal natural resources for tiveirtHood (Kamal, 2001). Their despair and
dream, plight and struggle, vulnerability and fiegite are uniquely revolved round in an
intricate ecological and social setting which makeir livelihoods distinctive from other

parts of the country to a considerable extent.

The Government of Bangladesh has already recogriaadtal zone as areas of enormous
potentials. In contrast, these areas are laggiminten socio-economic development and
vulnerable to different natural disasters and emwrental degradation (Selvaraju et al.,
2006). For a LDC like Bangladesh where the clintdt@ange takes a shape of natural disaster
not only affects the socio-economic condition ofastal communities but also hinders
obtaining an optimal GDP growth (ADPC, 2007). Clim&hange poses a significant threat
for Bangladesh, particularly the projected climatange effects include sea level rise, higher
temperature, enhanced monsoon precipitation anebffurpotentially reduced dry season
precipitation and increase in cyclone intensitythirs region (Agrawala et al., 2003). Those
threats would induce serious impediments to th@ésoconomic development of Bangladesh
including coastal areas. A subjective ranking of ldimate change effects for coastal
Bangladesh identifies cyclone and sea level risbeasg of the highest priority in terms of

severity, certainty and urgency of impact (Pantiale 2009).

The National Adaptation Program of Action (NAPA)daather scholars have identified the
coastal areas of Bangladesh as one of the mostedfareas in the world due to the threats
of climate change effects (GoB, 2005a). In the Isaastern part of Bangladesh the physical
isolation of coastal communities makes them highbource-dependent available around the
coast and adjacent mangrove forest @umdarbans)which reduces their opportunities to
access to alternative livelihoods indeed. Theserhimces make the coastal communities
vulnerable to any disruption, especially to natwalastrophes. As a result, households in
coastal communities suffer from an imbalance ofisdoand economic powers, lack of
participation in decision-making, limited or zerssat ownership, and laws and regulations

influencing people’s ability to use assets or astesesources (Pomeroy et al., 2006).

1.3 Justification of the study
So far only a few studies have been conducted @astabBangladesh. These studies are

mainly conducted on hazard warning and evacuatystes (Paul and Dutt, 2010), health

Climate Change and Socioeconomic Vulnerability: 4
Experiences and Lessons from South-western Cdatejladesh



security due to disaster (Ray-Bennett et al., 20fBbysical injuries during cyclones (Paul,
2009), and coastal hazards and community-copindpadefParvin et al., 2009). So, most of
these studies focused on the coping and adaptatemhanisms in coastal areas. However,
we hardly find any study that addressed the soom@wmic vulnerability in local level of
coastal zone, especially in the southwestern gaBaogladesh. Hence, without identifying
local-level vulnerability patterns the suggeste@inog or adaptation mechanism is likely to
be least effective in reality. In this study weeatpt to fill up the knowledge gap by
identifying quantitative local-level vulnerabilitgt first; then we try to look for optimal
adaptation options based on empirical relationdbgpween vulnerability and important
socioeconomic parameters. Therefore, this studnisterdisciplinary one where we select
Koyra upazila as our study area, which one of the maststier-prone areas in southwestern

coastal zone of Bangladesh.

1.4 Resear ch questions and objectives of the study
Considering all the above-mentioned facts, we prdaeith the discovery of logical answers
of following research questions;
* What is the symptom of climate change in the st@a?
* Which major climatic factors constitute for climateange here?
* Which factors exacerbate such vulnerability? Isréhany single factor or
multiple factors?
* What is the nature and magnitude of relationshipvéen this vulnerability
and socioeconomic factors in the study area?
« What are the possible adaptation options in terrhscapacity for the
vulnerable households in study area?

The above-mentioned research questions are addrbgsthe study objectives. Hence, the
main study objectives are;

1. To understand and figure out the manifestatiorliofate change in the study area,

2. To quantify socioeconomic vulnerability and asse&snature and magnitude of the
relationship between vulnerability and major socm®mic parameters of the study
area, and

3. To identify and recommend the optimal adaptatiotiomg in terms of capacity of

households in the study area while addressing socrmmic vulnerability.
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1.5 Outline of this study
This study consists of nine chapters. Let us hagénapse at the brief contents of all the

chapters chronologically.

Chapter one is the introduction. It provides anralNepicture on Bangladesh’s status in
relations with climate change effects. We brieflgctdiss about the problem statement and
then we identify the possible knowledge gap of @@obnomic vulnerability in the study area.
We conclude this chapter by mentioning a numbeeséarch questions, which are addressed

by three main objectives of this study.

In Chapter two we focus on the theoretical backgdoand theoretical framework for this
study. Under theoretical background we mention lanefly discuss relevant literatures in
accordance with our study objectives. Then we dejbie theoretical framework for this

study, which is used for quantifying socioeconomitmerability of the study area.

We mention about the methodology of this study ihma@er three. In this chapter we focus
on types of research that we have adopted in thidys Then in accordance with study
objectives we mention associated data type, cadledechniques and data sources. We also
mention the sampling method and sampling size. ddmstruction of vulnerability index is
discussed in this chapter. Finally we conclude leptioning the impediments those we faced

while accomplishing this study.

Chapter four deals with the description of studgaakKoyra. We mention important
information about geographical location, admintstra topographic, physiographic and
socioeconomic condition. We include a ‘Disastere@dhr’ for our study area that we made

by collecting information from households.

Chapter five deals with the identification of cliteachange effects and quantification of
socioeconomic vulnerability at local level of studsea. In this we show possible climate
change effects in the study area based on empdataland Focus Group Discussion (FGD)
findings. Later we quantify vulnerability for eadnion by applying the Vulnerability Index.

We show union-wise vulnerability with the help o&ps.

Once we have gquantified vulnerability, we conduatuanber of econometric analyses in
Chapter six in order to show relationship betweelmerability and important socioeconomic
parameters of study area. We mention the majoiirfgsdfrom analyses in two different

tables. We also put brief explanation of models\aarthbles used in this study.
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In Chapter seven we discuss the major findingsidtafrom model analyses in elaborated
way. Here we also mention the possible reasonstigéhe nature and extent of relationship
between vulnerability and socioeconomic parameiestudy area. At the end of this chapter
we check the consistency of the vulnerability indsx applying an alternative approach.
Subsequent regression coefficients of alternafppra@ach are also tested and compared with

the old model results.

Based on the results of the relationship mentianechapter six and seven; we recommend
the optimal adaptation options for the affectedpbedhrough brief description in Chapter
eight. We also draw few of our recommendations asiof correlation between different

variables. The existing adaptation options in staiha are also mentioned in Chapter eight.

We conclude this study in Chapter nine. We sunmaeamajor findings from this study in a
nut shell. Besides, we focus on shortcomings of #pproach we used to quantify
vulnerability. In fine we mention the issues thag wid not address in this study where

further research can be conducted.
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Chapter TWO
Theor etical Background and Framework

2.1 Preamble

The term ‘Climate change’ refers to, in generag tariation in behavioral pattern of earth’s
climate-attributes over time (Adger, 1999). As sufeof mounting concern on this issue, it has
drawn the attention of researchers from differeamdins to study this phenomenon, and
vulnerability for human created by it (Agrawala amdn Aalst, 2008). Besides, means of
humans’ coping capacity in adapting to effectslwhate change is emphasized by researchers.
There exist an increasing number of literatureghas issue. In this chapter we construct both
theoretical background and theoretical frameworktifids study. In this context, first we have
divided the available relevant literatures intoethigroups in accordance with study objectives;
then we go for a framework for this study. For tietical background the first group of
literatures deals with the manifestation of climelb@ange in general; the second group deals with
vulnerability concepts and dimensions; and thedtigiroup focuses on adaptation concepts in

terms of capacity.

The notion of climate changsometimes possess bewildering array of terms witkrsified
meanings as used in different contexts by diffesarthors. However, in this study we use the
most relevant terms consistent with our researattesd. Therefore, the frequently used key

terms for this study are ‘climate change’, ‘vulrality’, ‘adaptation’ and ‘adaptive capacity.’

2.2 Theoretical background for the study

2.2.1 Key conceptsand literaturesfor first objective
There are two terms- ‘climate change’ and ‘climaseiability’ used interchangeably in most

cases. However, there exists a sharp distincticwdss them considering respective sources-
the former is taken place due to various anthropiag&ctions whereas the latter is due to solely
natural actions. In this study we use the termrialie change’ assuming that it is the resultant of

both anthropogenic and non-anthropogenic activities

Quite interestingly, the most two notable defim8oon climate change by IPCC and UNFCCC
differ from each other. IPCC defines climate chamge‘any change in climate over time,
whether due to natural variability or as a restilheman activity’ (IPCC, 2007c). On the other
hand, climate change defined by the UNFCCC as ‘a change of climate tkaattributed
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directly or indirectly to human activity that aléethe composition of the global atmosphere and
that is in addition to natural climate variabiliypserved over comparable time periods’ (IPCC,
2007c). To begin with, a brief description of IPGE presented along with observed and

predicted results related to climate change.

The Intergovernmental Panel on Climate Change (P43 established in 1988 by the World
Metrological Organization (WMO) and the United Neats Environment Program (UNEP) when
they notified the problem of changing trends ofbgloclimate. Their function is to assess
scientific, technical and socioeconomic informati@hevant for the understanding of climate
change. Furthermore, IPCC also deals with potentrglacts of climate and options for
adaptation and mitigation based on the peer redeamel published scientific/technical literature
(IPCC, 2008). Therefore, IPCC does not conductimaigesearch; rather it releases assessment
reports prepared by contributing authors that sunz@s the latest findings on climate change.
So far IPCC has published four assessment repewtsaling the scientific information on
climate change, scientific-technical-environmemebnomic and social aspects of the
vulnerability and mitigation to climate change. $beaeports discloses new findings from the
previous years’ research. Tliérst Assessment RepoffAR) was released in August 1990,
Second Assessment Red@AR) in December 1995 hird Assessment RepditAR) in 2001
and most recentlfFourth Assessment RepgAR4) in 2007 (Mohamed, 2008). The following
subsections are mainly based on the observed exddand projected scenarios for climate
change by IPCC.

Greenhouse gas (GHG) emission
These gases present in atmosphere are responsibleeducing heat-loss into space and
consequently contribute in raising global temperatuHigh concentration of GHGs in
atmosphere is supposed to absorb more solar enengadiated from the earth making more
energy available to existing climate system. Thgomglobal anthropogenic GHGs contributing
in climate change are- carbon dioxide (§;Onethane, ozone ¢DPand nitrous oxide (pO).
assessment of IPCC indicate that anthropogenic G&&gmain culprits to observed climate
change since industrial revolution era.

The balance of evidence suggests that there iscdiible human influence

on the global climate change.
(Second Assessment Report of IPCC, 1995)
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More strongly,

There is new and stronger evidence that most ofvlrening observed
over the last 50 years is attributable to humanvatogs.
(Third Assessment Report of IPCC, 2001)

And most recently,

Several of the major greenhouse gases occur ndyurat increases in their

atmospheric concentrations over the last 250 yeanes due largely to

human activities.

(Fourth Assessment Report of IPCC, 2007)

In the latest assessment report IPCC disclosestlieaglobal atmospheric concentrations of
carbon dioxide and nitrous oxide have gone up rkafdy due to human activities since 1975
and that fossil fuel combustion (accounting forr@3of carbon dioxide) and land use change
(1/3rdof carbon dioxide) are the major sources of antbgepic carbon dioxide emission (IPCC,
2001, IPCC, 2007a).

Temperature

IPCC assessment report results in 2001 indicat@@ease in the global average temperature,
which gears up turbulence in the climatic systesulteng more frequent and intense storm
activity (IPCC, 2001). This report also disclosesattthe global average air temperature has
increased by 0.6° Celsius over the 28thtury. The cause of such warming has been ideahtif
as mainly increasing atmospheric emission of GHIBRR (2001) concludes that the ‘most of
the warming over the last 50 years likely to have been due to the increase in GHGs
concentrations’ and most recently IPCC AR4 (20@f)erls that it is ndikely but very likely
that the most of the observed increase in globalage temperature since the mid of 20th
century is due to increase in anthropogenic GHGe@atrations. For the Bay of Bengal, which
is a part of Indian Ocean region (The Indian ocesgion in IPCC refers to the area between
35°S to 17.5°N and 50°E to 100°E), temperaturexpeeted to increase by 2.1° Celsius for the
2050s and 3.2° Celsius for the 2080s (Nurse and, 3801). The estimated projection for the
low scenario is 1.8° Celsius and for the high sderia 4.0° Celsius (IPCC, 2007b).

Sealevel rise
One of the most notable projected impacts of ckntditange is sea level rise which may induce
inundation of coastal areas and low-lying islarsi®reline erosion, and destruction of important

ecosystems such as wetlands and mangroves. Wiihdfease in global temperature, sea level
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rise already underway is expected to accelerataalaghermal expansion of upper layers of the
ocean and melting of glaciers. Out of the manydisgctontributing to sea level rise, according to
IPCC the most significant two causes are thermplegion of the oceans (water expands as it
warms) and the loss of land-based ice due to iseckanelting (the exchange of water between
oceans and other reservoirs) (IPCC, 2007d). The&lRa&s developed different future scenarios
on the possible sea level rise up to year 2100.foh@ving figure 2.1 shows the global mean

sea level in the past and as projected for the@gury.
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Fig 2.1 Estimated and projected sea-level rise
Source: IPCC, 2007d

In 1990 IPCC estimated scenario for the year 2186 @ global sea level raise of 66cm with
high and low estimation of 110 cm and 31 cm respelgt (IPCC, 1990). In 2001, IPCC
predicted a global sea level rise between 9 anadefimeters by 2100 and the IPCC AR4
firmly reported that global mean sea level has lyestimg. It reported that from observation since
1961, the average temperature of the global ocaarincreased to depths of at least 3000 m and
that the ocean has been absorbing more than 80f#eoheat added to the climate system
causing sea water to expand contributing to sesl hkse. From 1961 to 2003 the average rate of
sea level rise was 1.8 £ 0.5 mm per year and teeage rate of 1.7 + 0.5 mm per year for the
20th century (IPCC, 2007b). Thus, IPCC concluded the rate of sea level rise has increased
between the mid-19th and the mid-20th centuriesthat global sea level is projected to rise

during 21st century at greater rate than duringl1962003.

Extreme weather events
Climate change is being increasingly discussedeims$ of extreme events and associated
impacts from where a number of potential climatarnge effects have been identified such as-
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rising sea levels, changing rainfall patterns aechgderature rise as mentioned above.) It is
pointed that these wide range of potential impactslikely to experienced by individuals and
countries in two main ways- either as a changevarage climate conditions (which is often
referred to as slow onset change), or as an iner@asudden, extreme events (Tompkins and
Neil Adger, 2005). Examples of slow onset change$ sudden, extreme events along with its
socio-economic impacts are shown in figure 2.2. [H@C assessment reports made it clear that
climate change, indeed, is happening and the obdeevidence on the major causes of the
change in climate, namely- GHGs emission througifierdint anthropogenic activities has
increased (IPCC, 2001, IPCC, 2007a). As reportetPiBC AR4 that it is very likely that hot
extremes, heat waves and heavy precipitation eweiltscontinue to become frequent; and
moreover, the future tropical cyclones will likehe more intense having larger peak wind
speeds and more heavy precipitation associated amigjoing increased of tropical sea surface
temperature (IPCC, 2007d).

Extreme weather events play an important role mdy @ climate change issue but also in
public forums regarding the impacts of global wargii The extreme climate events can be
pointed out as extreme daily temperatures, extretagy rainfall amounts, large areas
experiencing unusual warm monthly temperature, \@nestorm events such as hurricanes
(Easterling et al.,, 2000). Along with changes ineage temperature, increase GHG
concentrations in

Table 2.1 Observed and projected change in extreme weather and climate events by AR4 of IPCC

L Likelihood that trend occurred in late Likelihood of future trends based
Phenomenon and direction of trend

20 century (typically post 1960) on projections for 21st century
Warmer and fewer cold days and nights over most land Verv likel Virtuallv certain
areas fy tikely y
Warmer and more frequent hot days and nights over ) i )
most land areas Very likely Virtually certain
Warm spells/heat waves. Frequency increase over ) )
most land areas Likely Very likely
Heavy precipitation events (or proportion of total rainfall ) )
from heavy rainfalls) increase over most areas Likely Very likely
Areas affected by droughts increases Likely in many regions since 1970s Likely
Intense tropical cyclone activity increase Likely in many regions since 1970s Likely
Increased incidence of extreme high sea levels Likely Likely

(excluding Tsunami)

Source: IPCC, 2007b
the atmosphere are likely to bring changes in diemariability and extreme events. Projected
changes in extreme weather and climate eventseirRilstcentury include more frequent heat

waves, less frequent cold spells, greater intensityieavy rainfall and greater intensity of
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tropical cyclones (IPCC, 2001). Tropical cyclones predicted to be enhanced in intensity by
10 to 20% (Nurse and Sem, 2001). The IPCC AR4 &fesred clearly what are expected from
climate change in terms of weather events, whexgtssibility of heavy precipitation events is
very likelyand increase in the intensity of tropical cyclamkkely for the current century. Table

2.1 gives a clear scenario regarding various weathe climate events.

2.2.2 Key concept and literaturesfor second objective
The second objective of this study deals with gtetinte features of vulnerability and inter-

relationship between vulnerability and various seconomic parameters. There are a number of
dimensions such as- environmental, physical, paliti social etc. to define peoples’
vulnerability. In this study we mainly focus on gmronomic dimension of vulnerability of the
study area.

According to the IPCC SAR-1995%/ulnerability is defined asthe extent to which climate
change may damage or harm a system; it dependshobn a systefa sensitivity but also on
its ability to adapt to new climatic conditioh§ensitivity, in this case, ithe degree to which a
system will respond to a change in climatic condi¢i (IPCC, 1995). From this point of view,
the definition of vulnerability must be contingemt estimates of the potential climate change
and adaptive responses (Adger and Kelly, 1999). édaw in the mid-1990s the concept of
vulnerability to climate change was constructed\®yl Adger in terms of the physical aspect,
such as- land area lost or agricultural productiamaged due to extreme climate events (Adger,
1996). He differentiated two types of vulnerabHiipdividual and collective on basis of key
dimension in construction of vulnerability. He th@efined'Social Vulnerability’as exposure of
individuals or groups to stresses from exogenasissriespecially from climatic shocks which
paves the way for social marginalization.

Neil Adger again reviewed the concept\dtiinerability’ and drew the attributes revolve round it.
To him vulnerability is usually portrayed in negatinotion as susceptibility of being harmed.
Generally this term is applied together with enmimental variation, more specifically, when
climate change issues are taken into consideréfidger, 2006). The conceptulnerability’ is

considered as a powerful analytical tool for disclg states of susceptibility to harm, power
discrimination and marginality of both physical asdcial systems. However, the pattern of

vulnerability may change over time and thus, cimglés for vulnerability are also changed.
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Figure 2.2 shows how various sudden and slow eyenitginated from climate change,

various factors in the society and therefore, ereatnerability.

Examples Examples
More rainfall Increase in
and flooding < the intensity
during wet =y of tropical
season cyclones
Rise in air Increase rainfall
temperature Examples of social and economic impacts intensity
Less rainfall in | | Water supply problems Rise in
dry season Salt water intrusion of fresh water resources| frequency of
Sea level rise Coral bleaching extreme

. Reduced fish catch temperatures
Increase in SST
Loss of beaches
Damage to tourism infrastructure
Coastal inundation requiring relocation
Drought or flood conditions
- » | Increased property loss D —

Increased flood risks and potential loss of life
Damage to coastal protection works

Increased incidents of vector and water-bo
diseases

Decrease in number of tourists visiting,
impact on local economy

ne

Fig 2.2 Relationship among climate change impacts, human experience and social consequences
Source: Tompkins et.al., 2005

Yamin et .al. defined vulnerability as a conseqeeraf climate change and indeed, an
impediment for development process in any countygn{in et al., 2005b). The effects of
climate variability manifest themselves floods, wybts, irregular rainfall, extreme events etc.,
which make the poor communities vulnerable in depielg countries. Hence, these
communities experience disproportionately highgele of mortality, social discrimination and

economic interruptions (Yamin et al., 2005a).
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Again Vulnerabilityis defined by Neil Adger as an exposure of indraidor collective groups to
livelihood stress as a consequence of environmenatghbility (Adger, 1999). He argued that
vulnerability is often the resultant from sociakrms, political institutions, resource endowment,
technologies and discriminations during and afteslimatic shock. Therefore, the extent of
vulnerability is governed by the efficiency of iitgtional arrangement in the concerned disaster-
affected areas. From this perspective instituti@ostext of vulnerability to climatic shocks is a
pivotal element. Hence, vulnerability can be expdd through a combination of social
institutional factors and environmental risks. Adgdso argues that vulnerability is closely
associated with the notion of development, whichaddually a proxy for adjustments to
livelihood condition. He kept arguing that institrtal inertia might affect the socio-political
harmony and thus, high level of rent-seeking mapgedize the welfare maximization; which in
turn escalates the vulnerability (Adger, 1999).

A study by Ibarraran et akhows that climate change induced vulnerabilifec$ different
localities in different ways. They emphasiZResilience’ to face the vulnerability while
developing aVulnerability-Resilience Indicator Moddlor Mexican states and picked the
important resilience factors that might be useduiaice the challenges of vulnerability (Ibarraran
et al., 2009).

A new dimension of vulnerability is introduced byarfBett in terms of the human security
problem. He explains that increasing climate chatrgads undermines human security by
reducing peoples’ access to, and quality of natteaburces that are essential for sustaining
livelihood. At the same time climatic catastrophasnper the capacity of the states in providing
opportunities and services to people to secure livelihood. In many a cases there is high risk
of violent conflict within the communities that entaally hampers the peace in the society
(Barnett and Adger, 2007).

An alternative dimension of vulnerability is intnackd by Adger and Kelly on basis of capacity.
They underpin vulnerability in terms of capacityiofiividual and social groups to respond.&
coping with, recovering from and adapting to anteaxal shocks that may affect their livelihood
or well-being. In this context, resource accesgybifor the groups is considered as a key
determinant for vulnerability. They focus on thaedsownership pattern as a capacity indicator,
which finally indicates the extent of resource asdaility (Adger and Kelly, 1999).
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The association between climate change and vuliigyah terms of poverty is analyzed and
explained in a study using a 30-years time ser@s,doy applying GTAP (Global Trade
Analysis Project) model simulation. This study skaWwat with the increase in climatic extreme
events the agricultural productivity is hampered as a result the prices for staple foods also go
up, which in deed, enhances poverty. Thereforeptite communities become the sufferers due
to such climatic shocks. Their study results onesesocioeconomic groups in 16 developing
countries showed that in short run extreme climateations might affect the factors related
with livelihood pattern of the poor people that exdates the vulnerability of marginal people

in the communities (Ahmed et al., 2009).

A remarkable study is conducted in Bangladesh bguB®er et. al. where they show that
households with lower income and less access tduptive resources are more vulnerable in
terms of climatic risk exposure. Besides, both meaand asset disparity induce the households
to be more exposed to various risks and thus, beamore vulnerable. They also show that
under the climatic shock, and with presence ofime@nd asset disparity, individual households
become more vulnerable at collective or communityel since the collective level is least

capable to face a common shock like cyclone ordfli®rouwer et al., 2007).

2.2.3 Key concept and literaturesfor third objective
The third and last objective of this study dealshwadaptation options in terms of capacity.

Depending on the pattern of vulnerability, adaptatoptions also differs and hence, there are
diversified concepts of adaptation. However, weyaansider the adaptation concepts consistent
with our study. According to UNFCC adaptation igpm@cess through which societies make
themselves better able to cope with an uncertaurduThus, adapting to climate change involve
taking the right measures to reduce the negatifectsf of climate change by appropriate
adjustments and change which includes nationad) led individual level measures (UNFCCC,
2009b).

Considering the climate change phenomenon, the isfuesponse capacity is mentioned by
Tompkins. As a part of risk and resource managensatdptation and mitigation actions are
usually taken. By contrasting Tompkins portrayesefof responses in national level as a trade
off between development investment and new teclgyottiffusion, and investment in enabling
society to change its behavior towards new teclgylkadoption (Tompkins and Neil Adger,
2005).
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Agrawala focused on adaptation for climate chamghkigced vulnerability. He dealt with the
potential barriers in mainstreaming adaptation.ne cross-country analysis he tried to figure
out synergies and trade offs involved with inteigratof adaptations to climate change from the
perspective of development cooperation activitiaad in this way major barriers were
indentified. He showed that countries more dependerclimate-sensitive natural resources are
more likely to be vulnerable to climate shock. Tkisidy suggests that through better and
efficient integration of climate risk managementist possible to development efforts for
effective adaptation in disaster-prone areas (Aglaw2004).

Targeting the climate change vulnerability, a comitygbased adaptation model is suggested by
IIED (International Institute for Environment andeiElopment). In a report IIED mention
several incapability of the poor which lead themb® more vulnerable to the climate shock.
Considering all these factors IIED suggest a nepragch for community-based adaptation,
which is a bottom-up one. The bottom-up approachquste able to adopt the proper
action/strategy required for a successful adaptatidthe major international contributor like
World Bank still formulates a top-down approachtlis case and thus, in many regions or
countries the adopted actions fail to reach theahjes (IIED, 2009).

Hubner mentions that communities respond to disasty the strategies of- reducing
consumption, drawing from savings, selling prodeetassets, migration, and borrowing money.
But the lower income population has neither savitgsitilize nor the resources to migrate.
Hence, their remaining options force them to alrateoth current and future consumptions. He
concludes that-
There is a disconnection between large-scale ssrveporting aggregate recovery and
micro-level research implying long-term reductiansconsumption. If an economy recovers
evenly across all income levels, then we should reedong term changes in income
distribution or consumption. However, if assets foaving from lower to higher income
deciles, then we should see increased income itiggaad lower consumption marked by

increased volatility at lower income decil¢slubner, 2008)

A remarkable work on strengthening local capaatgdpe with disaster (flood) is done by R.
Few where he chalks out the growing tendency farugntions to prioritize strategy at the local
level. Few recommended adaptation policy to chgkewulnerability, where strengthening the

capacity of local people is emphasized (Few, 2003).

Climate Change and Socioeconomic Vulnerability: 17
Experiences and Lessons from South-western Cdatejladesh



A theoretical perspective on institutional adaatto social vulnerability to environmental
shocks is mention by Neil Adger where institutiomale in resource allocation is taken into
consideration. In this work the adaptation of imgibns to mediate vulnerability to climate
change is observed through assessing the resdigcatian and decision-making process by the
institutions. In the context of economic and poétitransitions how effectively the coping and
adaptation strategies work is examined in thisystBeésides, how institutional inertia may affect

coping capacity of the distressed communitiesse akplained (Adger, 2000).

Huq and Reid have worked on the classificationdapaation strategies. Side by side, they also
focused on mitigation process considering on-gaingate change process in the world. In the
words of Huq, adaptation classifications are-

1. Anticipatory adaptation vs. reactive adaptatidmticipatory adaptations are ones which are
taken in anticipation of expected climate changpdats. Reactive adaptation occurs after the
impacts have taken place.

2. Adaptation to climate change vs. adaptation ltmate variability: The former refers to
adaptation to anticipate human induced climate derwhereas the latter refers to adaptation
to naturally occurring climate variability.

In practice, there is little difference betweenias that would enhance adaptation to climate
change and actions that would enhance adaptaticelitoate variability, but the distinction is
significant in the context of funding for adaptationder the UNFCCC (which is supposed to
fund the former but not the latte(Huq and Reid, 2004)

While dealing with ‘Adaptive Capacity’ Hug defings as the ability of a community or a
country to adapt climate change impacts. This dapa again decomposed into two types-
generic and specific; where the former refers h@ient or existing capacity of a community as a
whole to cope with climate impacts assessed thréengs of income, education, development
etc. of the community or country; and the latteticates the capacity of community or country
coping with climate change impacts on basis of agkg anticipated impacts of human-induced
climate change (Hug and Reid, 2004).

On the ground of mainstreaming adaptation to cknctange, Huq et al. mention the status of
LDCs (group of poorest 49 countries). In this ctssy cited particularly Bangladesh and Mali
since both of the countries made progress, althaughat significant level, in introducing
potential adaptation options. Nonetheless, theraldveemain much to be done in addressing
adaptation in national level policy in terms ofterent information on climatic risk for various

stakeholders involved and policy-makers, role ofl dociety institutions, sharing the results of
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NAPA with other countries, developing internatiomagotiation capacities and playing more

active role in funding issues (Hug et al., 2004).

Social capital and collective action are also sstgge by Neil Adger as effective tools for
addressing adaptation to climate change. In thé® ¢he unique feature of social capital, of
possessing both public and quasi-public elemestsharacterized in their role in developing
bonding and networks in the society. By the dinth&fse social networks, communities are able
to find strategies to manage climate change risks. innate features of social capital, namely-
trust, reputation, reciprocity etc. do have sigrifit effect on social network formation through
which resource accessibility in terms of propertghts is ensured. Therefore, effective
adaptation to climate change becomes robust omceotl of social capital among communities
is positive (Adger, 2003).

2.3 Theoretical framework

A major portion of this study revolves round a \Merability Index. Hence, the theoretical
framework is about this index and its constructida.we have already mentioned in this study
we will only deal with socioeconomic vulnerabilityp the vulnerability for this study will only

address the socioeconomic aspects of the study area

We start with the idea of Pressure and Release JRAdRlel (Blaikie et al., 1994) for building a

concept for vulnerability index. This PAR modelkigplicable for disaster-led vulnerability. The

core theme of this model is that a disaster idrtexsection of two opposing forces: the process
generating vulnerability from one side, and the gitgl exposure to hazard from the other
side. Increasing pressure can come from either, siowever, vulnerability has to be reduced to
relieve the pressure (Anon, 2008). Vulnerabilisy donsidered in three levels- root causes,
dynamic pressures and unsafe conditions. The grdgsomodel are that it provides a possible
complete view of vulnerability, it emphasizes thetural hazards and it gives a framework for
inspecting vulnerability and livelihood. Howevehid model can not measure vulnerability

without collecting and analyzing a great of data@A, 2008).

2.3.1 Model framework for this study
In this study we have adopted a Composite IndicBtamework Method, which is originally

developed a€ommunity-based Risk IndéRollin and Hidajat, 2006). This method is used to
assess vulnerability at local/community level angsembles ‘vulnerability’ side of PAR model.
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As we have already mentioned that vulnerabilitcamsidered in three levels in PAR model
through a number of variables those show the levelailinerability. However, in this study we
consider five Domains of vulnerability, where weakelect a number of variables those address
domains indeed. On the whole, in both the abovetiowed cases vulnerability is focused
finally, but through slightly different approach&¥e adopt thiComposite Indicator Framework
Method from a UNU (United Nations University) book editéy Joern Birkmann in 2006
(Bollin and Hidajat, 2006).

The Community-based Risk Indeasicallyaims to identify and quantify the main risk factors
like- exposure, vulnerability, management capaetty. within a community (Birkmann, 2007).
With the help of this index it is possible to compaisk-exposure levels between communities.
At the same time it is also possible to figure ibthis risk-exposure is an outcome of any hazard
or natural disaster or vulnerability or capacigmponent (Bollin and Hidajat, 2006). Hence,
this index consists of four basic components- hdZaexposure, vulnerability and capacity
measure. There are a total of 47 indicators in itidex which are further divided into factor-
components/variables (Birkmann, 2007). The appresichsed in this index can serve as
important tool to identify and highlight the arealsere both risk and vulnerability reduction are
needed. Hence, this index provides comparativenmition on many aspects of disaster risk and
vulnerability (Birkmann, 2007). However, there a@me questions regarding the aggregation
and choices for indicators under this index, whéelem to be redundant to some extent and
therefore, vulnerability and risk identification ghi not be accurate in all instances (Birkmann,
2007).

Since our main concern in this study is with vuéielity, we have adopted only the
‘Vulnerability’ component from thisCommunity-based Risk Indek original index, the
vulnerability component is decomposed into foufedtént thematic premises- physical, social,
economic and environmental (Bollin and Hidajat, @00However, in this study we have
modified the ‘environmental’ theme into ‘disastepesure’ and we have included
‘demographic’ as a new thematic area. We modify ahginal index in order to maintain
relevance and applicability with the features/chemastics of our study area. Therefore, the
modified approach in this study to identify vulngtdy in numerical values consists of five
thematic premises. We will define these premise¥almerability Domains,” and the new index
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as ‘Vulnerability Index’ in the following chapter&or each domain we select a number of
relevant variables (see detail in Appendix I).

2.4 Summary

The literatures under theoretical background hdadked out the likelihood of climate change

and its associated consequences on coastal arddsvedying islands. Several authors have

mentioned the vulnerability of Bangladesh to clienehange. Due to unfavorable socioeconomic
conditions the coastal people of Bangladesh arlecigged with predicted sea-level rise, cyclone
with storm surge and other consequences of clictzage. From this perspective, vulnerability

of these coastal people, in both household and eoritynlevels, and their coping capacity are

important issues requiring urgent attention. Literas also indicate the importance of adaptation
and adaptive capacity in the coastal areas. Iméxt chapters we will see how our empirical

findings comply with the issues addressed in tle®rétical background. We are also interested

to see the same in case of the theoretical framef@othis study.
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Chapter THREE
M ethodol ogy

3.1 Typeof research

Research differs from field to field, approach fgp@ach and nature of work. This study
revolves round both descriptive and quantitativatasclines for insights into the climate

change induced vulnerability and its relationshihwumportant socioeconomic factors in the
study area. Hence, in this study we attemptedgord out the vulnerability magnitude in

micro (union) level of study area. We further idéed the nature and extent of influence of
vulnerability on existing important socioeconomactors; and finally we recommended

possible adaptation options based on quantitaitmnnigs and outcomes of FGDs.

3.1.1 Descriptiveresearch
Through this approach, we focused on featuresunfysirea such as location, area, proximity

to the mangrove fore§undarbansnd sea along with other geophysical settings thusee

it vulnerable to climatic catastrophes. A list akakter events and climatic trends was
prepared from where the most frequent disasters talypossible effects of climate change,
were identified. We also tried to identify housealsdlcapacities in response towards such

vulnerability in terms of adaptive options.

3.1.2 Quantitative resear ch
Through this approach, we quantified vulnerabitity basis of an index. Later we attempted

in determining the relationship between vulnerépdind important socioeconomic variables
in terms of numerical values. Furthermore, we uegse numerical values in drawing

possible recommendation for study area.

3.2 Selection of the study area and criteria
Discrete selection of the study area is very mucmentous for conducting any study. It is
remarkable that the success of any research watdial science premises depends much on
the proper selection of the study area (de Vau®1RO0Throughout the coastal belt of
Bangladesh, some particular areas are most affdtedimate change induced disasters
since most of these catastrophes usually passtioese areas. Therefore, we seledfegira
upazila which is a significant disaster-prone calaatea due to possible effects of climate
change in Bangladesh. The other important reasamshioosing this upazila as study area
were-

m It was one of the most frequently cyclone and steumge affected areas in

Bangladesh
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B There was hardly any previous research/study reggardilnerability and its relation
with socioeconomic parameters on this coastal area
m Koyrawas one of the most affected areas because of sygenes AILA and SIDR

within the span of last three years.

3.3 Resear ch objectives and methodology

The array of questions addressed in this studyimredjsystematic methodology in order to
capture the existing facts. Hence, we followed anloer of sequential steps to realize the
objectives of this study. In this context, our aim@s to figure out the existing vulnerability of

the study area first, and then to relate vulneitgbibith a number of economic determinants
with a view to explaining the nature and extenthid relationship. The detailed methodology

to accomplish this study is mentioned in the foilogvpart.

The objectives of this study mentioned in chaptere danclude three broad areas:
understanding the local climate change in contwsh global climate change issues,
guantifying vulnerability and its effect on socio@omic parameters, and adaptation options
in terms of households’ capacity to cope with climahock. We used different methods to
understand and explain these areas which are showhe following figure 3.1 using

different stages and output of the research.

Inputs Stages and relevant outputs Inputs

Historical Trend — Identification of climate change [« —— Climate records
related events

Data (THREATS in form of DISASTERS)
- Yearly Reports
- Focus Group
Discussion - Document review

- Local peoples’ view
- Historical track record

Document Review

Quantification of

VULNERABILITY - Difference in vulnerability
Household ? Cﬂ
survev \ /\
Household level ¢/ ‘\ Local level
Effect of vulnerability on Adaptation options based on
socioeconomic parameters households’ capacity and ~
various agencies’ roles

Household Household
survev \ / survev

Recommendations for optimal adaptation
option for addressing vulnerability

Fig 3.1 Methodological framework of this study
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The methods applied in realizing the study objestigare detailed out below. With a view to
realizing the objectives various types of dataadatllection techniques and data sources
were used. These different data-sets, concernéettioh techniques and sources applied for

each objective are explained in detail.

Objective 1. To understand and figure out the manifestation of climate change in the
study area.

In order to understand the exposure of climate ghawe selected the parameters associated

with location, geological feature, climatic chaeacttics and disaster trends of the study area.

Based on these parameters we aimed to understtratefis/are event(s) that are likely to be

effects of climate change in this area.

Types of dataFor understanding the effects of climate change, collected historical
disaster data. This particular dataset includeshallmajor disaster events occurred in our
study area, which enabled us to understand andefigut the climate change related events.

Moreover, we took the experiences of old-aged pethpbugh FGDs.

Data collection techniqueMost data required for realizing this objectivere collected by

reviewing the concerned reports on climate treftiss required going through all the daily
reports from local weather office, reports by Bauigish Meteorological Department (BMD)
and relevant literature on southwestern part of giadesh. Collected datasets included
recorded temperature, rainfall, usual and unusisdster events etc. of the study area.
Besides, data on sea-level, an important indicafoclimate change was collected from
available online data bases. Side by side, interwiwith the old aged people along with
FGDs were conducted in order to have in depth wtaleding of effects of climate change.

Source of dataThe local climate data were collected from BM@aSevel, temperature and

rainfall related data were obtained from onlineattase of Dayton and Colorado University
of USA. All the historical data were obtained thgbureviewing the available reports by

BMD first, and then crosschecked with the outcofnesy FGDs, where a larger percentage
of participants were old-aged local people. Newspagticles, NGO reports covering our

study area were also examined. Some of the distihgd disasters of Bangladesh were
reviewed from documents of UNFCCC and Internatiddisbster Database (EM-DAT). We

also consulted a number of IPCC assessment repaotsler to check our study findings on

effects of climate change with their assessmerdrtdimdings and predictions.
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Objective 2: To quantify socioeconomic vulnerability and identify the relationship
pattern between vulnerability and major socioeconomic parameters of the
study area.

This research objective deals with numerical deieaition of climate change induced

consequences in terms of vulnerability. Hence, ttengpted to quantify the socioeconomic

vulnerability applying an index in first phase; thave figured out relationship between
vulnerability and socioeconomic parameters in dudy area with the help of econometric

models.

Types of data In order to realize this objective, we mainlyied on primary data collected
from households and outcomes from FGDs. Besidesg ssecondary data were also used
along with primary data for developing the vulneligbindex. Therefore, both primary and
secondary data were used for vulnerability indehilg/assessing the relationship between
vulnerability and various socioeconomic parametgesused primary data and numerical

values determined from vulnerability index.

Data collection techniqudn this case we considered mostly the variablaghvrepresent

direct and indirect effects of climate change.hib@dd be noted that we were only interested
in socioeconomic context and thus, determining exdhility we only took those variables

representing socioeconomic aspects, not the emagatal aspect. So, in order to quantify
vulnerability we conducted questionnaire survey B@BDs. Besides, we collected required

information from various published documents.

Source of data Field level questionnaire survey with householleng with group
discussions with local people was the main soufqgaimary data for this study. Moreover,
for quantifying vulnerability we needed some se@gddata that we had collected from
population census, statistical bureau, local gawemt reports and various post-disaster

reports by NGOs.

Objective 3: To recommend the optimal adaptation options considering capacity of
households.

This research objective mainly focuses on figurog available and possible adaptation

options in study area. These options reflect theaci#y of the climate-change affected

households. In order to identify the adaptationars we first looked for the household-level

consequences of climate change, then we triggeyesgdtimal options that reflected the

capacity of households.
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Types of dataConsidering climate change effects-led vulnerghih the study area, how the
households had taken adaptive actions as per tesp@apacity was focused under this
objective. Side by side, what measures had beeptedidy government and NGOs while
experiencing various climatic shocks were also stigated. The immediate actions taken in
post disaster period by various public and privagencies were considered to get an overall

idea regarding the responsiveness as well as auss@ss of concerned agencies.

Data collection techniquéo have a glimpse at adaptation options in teomisouseholds’

capacity, we collected primary data through quest&re survey. Besides, we reviewed
available relevant reports prepared by governmeadt\arious NGOs focusing adaptation
options in disaster-prone areas. We also intervilesvaumber of responsible personnel who
were in charge of on-going adaptation programs tudys area. However, the required
information for this purpose was not well organizaad systematic. Hence, we mainly

depended on primary-data based analysis.

Source of dataCollection and compilation of primary data werec@nplished through

household questionnaire survey and a number of F®@t indicating reported incidents
and associated actions taken by various agencies gatlected from reviewing available
reports. Besides, newspapers reports and datanpedse disaster-related seminars during

our pre and post survey period were also takee@slary data.

A summery of all types of data collected, respectiechniques and sources are shown in

flow diagram 3.1 in the following page.

Climate Change and Socioeconomic Vulnerability: 26
Experiences and Lessons from South-western Cd3atejladesh



Resear ch objectives

To understand and figure
out the manifestation of
climate change in the study
area

Types of data

- Historical data on climatic
disasters

- Older peoples’ experience

- Various published data
- Events that affected househol@ls

To quantify socioeconomic
vulnerability and identify
therelationship pattern
between vulnerability and
maj or socioeconomic
parameters of study area

- Demographic data

- Social data

- Economic data

- Environmental data

- Data showing households’
exposure to disasters

Torecommend the
optimal adaptation
options considering
capacity of households

- Actions performed by
households in post disaster

period | S

- Government’s actions
- Private agencies’ actions

Collection technique

- Daily reports from local
weather office

- Documents on climate
trends (BMD and online datd)

- Interviews with old people

- Structured questionnaire
- Reviewing government
database

- Structured questionnaire
- Reviewing government’s

policy papers on adaptation ——

- Interacting with various
private agencies in study arga

Flow-diagram 3.1 Data collection framework

Data sour ces

- Daily reports from local
weather office

- Recorded data on climate
trends from USA university

- Interviews with old people

- Randomly selected
households

- FGDs

- Government database

- population census

- Randomly selected
households

- FGDs

- Government database

- NGOs reports
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3.4 Sampling method
Since it was impossible to take into account theoleshpopulation of the study area,
representative subsets from whole population wakert as samples. We maintained the

following stages of sampling for conducting fieldhgey and FGDs;

Total population

l

Operation

Key personnel NGOs Local Communities
aovernment

Operation

Flow-diagram 3.2 Sampling techniques

As we see from the above diagram that in the updeitel simple random sampling was

applied. In union level stratified and cluster séings were used. The former was adopted to
conduct FGDs where participants from various leatended; the latter was adopted for
guestionnaire survey from households. Hence, wedwded a ‘Multi-stage random
sampling’ for this study.

3.5 Samplesize

In this study we did not follow any establishednfioita for sample size determination. Since
the study area consists of 7 unions, we collecttd fitom all of these unions. We randomly
picked 60 households from each union. Hence, d t§t420 households were randomly

chosen from the whole study area. During data ciitle once we picked a household for

guestionnaire survey, the very next one was chaften ten households. We assumed that
the number of households chosen from each unionldvmeflect the real status of the

concerned union. We conducted one FGD in each uaimh thus, total 7 FGDs were
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conducted. We ensured participation of people fadimvalks of life in each FGD so that we

could grab the actual facts.

3.6 Data analysis techniques and tools

Once the collection and compilation of data wenisfied, we undertook the analyses using
different tools. In this study we adopted both gatle and quantitative approaches for
analyzing and interpreting data. Qualitative apphoavas applied to chalk out specific

features associated with different socioeconomicugs such as how the respondents
acquired knowledge on coping with climatic shocksddters), in present context which

capacity of households might be developed in dgahith disasters and so on. We applied
this approach mostly for summarizing the resulbfiéGDs.

We applied quantitative approach in quantifyingneshbility and determining relationship
between vulnerability and various socioeconomic apeters. In order to quantify
vulnerability we used an index. Later we explaimethtionship between vulnerability and
local socioeconomic aspects with the help of eca@tammodel results.

3.6.1 Development of vulnerability index
This index was prepared by using a Composite InolicRramework method, which was

originally developed a€ommunity-based Risk IndéRollin and Hidajat, 2006). This risk
index has some similarities with ‘Disaster Pressaanmd Release Model’ developed by Piers
Blaikie (Blaikie et al., 1994). We adopted a paft @ommunity-based Risk Indeand

modified it in accordance with relevant variablesdur study area.

This Vulnerability Index consists of five domairdemographic, social, economic, physical,
and exposure to natural disaster. Under each dotin@ia are a number of relevant criterions,
which are again divided in indicators (variable$hese indicators/variables altogether
possess certain characteristics of a specific donmairelation to climate variability and

extremes (representing the household’s sensitivityelation to these components). Five
domains, under this vulnerability index, compri$@® indicators/variables. A detailed list of
domains, criterions and indicator/variables is giva table 3.1. We use the following

formula, adopted from a study on water poverty ynfleawrence et al., 2003), to obtain an

index value for each indicator;

Indicatorindexs —3—Zmin_
Xmax - Xmin
Where, x = original value of indicator for the householdfaounity
Xmax = the highest value of indicator for the houselsthmunity
Xmin = the lowest value of indicator for the househadimunity
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The indices therefore, produce numerical valuesvsigp concerned community’s (obtained
from aggregated response of households) relatigitipo and for any one indicator this
value lies between 0 and 1. The maximum and mininaaluwes are usually adjusted so as to
avoid values of more than 1. Any remaining valuesva 1 or below zero are fixed at 1 and 0,
respectively.

Table 3.1 Domains, criterion and variables used in Vulnerability Index

Domain Criteria Variable / Indicator
1. People per km?2
Demographic 1. Density 2. % of old and children in the area
2. Demographic pressure 3. Male-female ratio
3. Migration 4. Population growth rate

5. % of households migrated to this area in last 5 years
6. % of illiterate households

Social 1. Literacy 7. % of households below poverty line
2.Povertylevel 8. % households participated in the last local-election
3. Community participation 9. % of households contributed free-labor to embankment
4. Attitude construction or similar activity
10. % of households depend on natural source for their income
(fisheries, agriculture etc.)
Economic 1. Income source and employment | 11. % of unemployed people (10+ years of age)
2. Housing condition 12. % of households not having brick-built house
3. Land 13. % of households lost land (homestead and/or other) in last 5
4. Capital goods years due to disasters
14. % of households suffered the damage or lost their capital
goods (e.g. fishing boats, nets etc.) due to disasters
15. % of households not getting electricity
Physical 1. Social utility services 16. % of households not having sanitary latrine
2. Infrastructural utility 17. % of households use pond, river and well water for drinking

18. % of not-paved road in the area
19. % of households not willing to go to cyclone shelter
Exposure to cyclone | 1. Population covered by cyclone | 20. Provision of local early warning system
and storm surge shelter 21. % households do not understand National Warning System
22. % households not having shelter in cyclone shelter or with
neighbors

Source: Adopted from Bollin and Hidajat (2006) and modified
A number of outcomes from FGDs were used while kgineg the vulnerability index. Other
than our own judgment, the local communities’ pecsves are also taken into account in
developing this index. Using the same set of indicadeveloped (and modified) by us, 7
separate FGDs are conducted in 7 unions ifkthga upazila where participants are asked to
provide their own weights for each indicator. Corses was sought from the participants
during the FGDs on specific weights that they sti@dsign for each component indicators at
various domain levels. Then the indicator weightnigltiplied with the indicator index. In a
row after getting all value by summation a domaisewulnerability is calculated. In this

way we obtain domain-wise vulnerability and totalnerability for each union.

3.6.2 Data analysistools
For data analysis and presentation we used ditfggackages of software. We used MS

Excel in developing vulnerability index, and thesr §howing the different vulnerabilities
(union-wise) inside our study area we producedrabar of maps using GIS. We developed
these maps by using ArcGIS 9.1. For all econometnalyses in this study, we used a
statistical package called STATA (version 10).
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3.7 Limitations of the study
While conducting the study, especially the fieldvey, we had to experience a number of
obstacles. Although these obstacles were not df sogle, however, we can consider those

as limitations of this study. These are briefly m@med in following part;

* During the survey some household-respondents thaihglh some kind of aid was
coming for them and we were conducting the pressssent. We could realize that
perhaps due to above-mentioned reason these resgenattempted to provide us
such information that represented their worse dmmi So we had to make some

adjustment while compiling such data, althoughapened in very few cases.

* We invited people from all walks of life to parpete in FGDs. However, we found
that several participants, who were actually noteddy the locally elected public
representative, tried to influence our discussi®a.for technical reason we had to
exclude their opinions that seemed to be biasedimrfdvor of that local public

representative.

* In few cases we had requests from local politieatlers from ruling party to conduct
our surveys to the areas as they suggested. Thssswaposed to be an implied
pressure from them. We had to conduct surveyseio siggested areas but finally we
did not include any data from these surveys intoroain database.

« We did not have sufficient budget to stay longearsgand collect more data.
Furthermore, during survey the temperature dropfmen to less than £G which
was abnormal in winter season in Bangladesh. Swather condition interrupted our

survey.

e Time constraint had been a great challenge foudasgithe whole field survey.
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Chapter FOUR
Study Area

4.1 Area and geogr aphical location
Koyra Upazila is situated to the south west part of IKhullistrict. This upazila occupies an
area of 1775.41 sq km. It is located in betwee214nd 22°32' north latitudes and between
89°14' and 89°31' east longitudes. This upazilaasnded byPaikgachhaupazila on the
north, the Bay of Bengal and tf®undarbanson the southDacopeupazila on the east,
AssasunandShyamnagaupazila on the west.

4.2 Administrative units

Administration of Koyra upazila was establishedlasna(kind of sub district) in 1980 and
was turned into an upazila in 1983. This upazilasists of 7 union parishads, 72 modzas
and 131 villages (BBS, 2007). The union narbekshin Bedakashis the last union to the

south andAmadiunion to the north.

4.3 Socioeconomic features of the study area

According to Bangladesh Population Census 2001aanadjusted in 2007, total population
of the study area is 165,473 where male is 49.G88%ale is 50.32%. Density of population
of the study area is 861 per sq. km, the growtk 1at1.7% per annum. The religious
composition is- Muslim 74.29%, Hindu 25.35%, oth@136% (BBS, 2007);

Table 4.1 Literacy conditions of 7 unions of the study area

) Literacy Rate

Name of Unions Male Female Total
Amadi 55.53 36.61 46.00
Bagali 53.41 36.95 44.87
Dakshin Bedakashi 46.23 30.53 38.35
Koyra 55.42 37.41 43.66
Maharajpur 54.42 35.95 4513
Maheshwaripur 56.74 37.08 47.06
Uttar Bedakashi 51.94 34.01 42.96

Source: BBS, 2007
The average literacy rate in the study area is Wf#re male and female occupy 53.4% and

35.51% respectively. There are a number of acadersiitutions comprising of 3 colleges,
22 secondary schools, 10 junior schools, 54 goventiprimary schools, 57 non-government
primary schools, 22 Madrasall community schools and 9 satellite schools ¢Begredia,
2006). Most noted educational institutions are KiabaHigh School, Kamaruddin High
School. The religious education is revolved rounthw32 mosques and 135 temples in the

study area. Two major occupationskoyra upazila areSundarbansased agriculture and

! Clusters
2 |slamic education center
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fishery. The percentages of different occupatiotuide agriculture 43.39%, forestry 3.21%,
fishing 4.98%, agricultural labourer 20.42%, nomi@gtural labor 4.59%, commerce 9.46%,
service 2.9%, others 11.05% (BBS, 2007). The mapkee of the first grade agricultural

land is on average Tk. 400,000 per ha (hectareyveder, this price differs from union to

union. In the study area the most common unit o i decimal (1 ha = 246.9135 decimal);
and the price of each decimal land is Tk. 1,619 ¢Banglapedia, 2006).

4.4 Development organizationsworking in study area

We found a number of development organizationse@afly NGOs have been working in
this area for a long time. These are BRAC, Proshikameen Bank, Prodipan, Ahsania
Mission, World Vision, Grameen Swanirvar, Setu al85. Besides, Water Development
Board of Bangladesh in collaboration with the Du@bvernment also works in some unions

of Koyraon dike maintenance.

4.5 Health serviceinstitutions

We also found that several private health instngiare working in the study area along with
the public institutions. The public institutionscinde one Upazila Health Complex and two
Family Planning Centers. Among the private/non-goneent institutions, the charitable
hospitals conducted by Christian Missionaries atalvle.

4.6 Topography

The spatial growth oKoyra upazila is explained by its topography. HeighKofyra, in the
northern edge is about 2.0 meters and in the ssuditbout 1.0 meter high from mean sea
level (Banglapedia, 2006). As mentioned above thatstudy area lies in the southwestern
part of Bangladesh, which is indeed, the downstreathe well knownGangesDeltaic Belt
(Brammer, 1993). This area comprises of flat lantth watural ground slope surrounded by
the Sundarbangworld’s largest mangrove forest) and Bay of Bérfgam south-east and
south directions respectively. We figured out frearious secondary sources thatkiayra
relatively elevated lands are found along the bafnikvers in the north whereas low lands are

found in the southwestern part of the study area.

4.7 Physiographic conditions

Physiographically Bangladesh can be divided intedlsub regions with 23 units (Brammer,
1993). The study area belongs to immature deltajgeswhere the long belt of land is hardly
above the sea level. The physiographic conditioKmfra upazila is broadly characterized

by tidal flood plains having lower relief and cessssed by a number of river and cannel
channels (Banglapedia, 2006).
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4.8 General geology of the study area

The study area is located in the south-west parthef Bengal Basin, a long area of
subsidence and deposition containing an almost Eeagequence from the cretaceous to
recent alluvium. The Bengal Basin is essentialffpadeposition center, formed by the deltas
of theGangesBrahmaputraandMeghnarivers, and covers an area of some 60,000 Kime
surface topography of the quaternary deposits ig gentle. The whole of the south-west
region of Bangladesh is below elevation 17 m, abtb of it is below 5 m (Brammer, 1993).
The surface geology consists mainly of Quaternaginsents, although there are some
tertiary deposits in the eastern flood belt. Clayssare prevalent in the low laying areas, and
medium textured soils at the higher grounds (Takagil., 2005). The purity of crystal size
of minerals, the rock texture and porosity, theaegl structure, the degree of fissuring and a
good number of other factors might influence thenposition of water passing over and
through the rock (Hem, 1970). From experts of WBtevelopment Board we came to know
that the study area has been floated up by theethaal sediment deposited mainly by the

GangesRiver and its tributaries, lies south- westerrnt pABangladesh.

4.9 Major water bodiesin study area

The riverKoyra is the main flow stream in thi€oyra upazila. As the study area is in the
coastal rivers so rivers are found here as tidedrsi which includeShibsa Aura, Sakbarj
Kobadak Taldup Pasur, Dharla, Malancha Boll and Arpangachhia(Banglapedia, 2006).
Because of tidal in nature the riv&8kibsa PasurandDharla have a significant influence on
both surface and ground water quality (PDO-ICZMB0Q3. A canal named&hoshkhali
flows through the study area from north to soutkckong most of the unions.

4.10 Seasonal characteristics
Taking the seasonal variability in consideratioe, eategorize four main seasons in the study
area namely dry, rainy, mild and winter season® fitlowing table shows the seasons as

per the duration in months.

Table 4.2 Seasonal variability in study area

Dry season Rainy season Mild season Winter season
March to April to September to December to
May September November February

Source: Field Survey, 2010

4.11 Disaster events
Having situated in the coastal belt, the study &neguently faces different types of disasters.

These include cyclone and tidal surge, flood, hemgfall, river erosion, soil salinity and
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water logging. Recently the area was hit by twoseentive devastating cyclones- SIDR in
2007 and AILA in 2009.

4.11.1 Disaster calendar
Throughout the year people of study area face réifitetypes of natural catastrophes. Based

on the opinions of the old people of the study avea prepare the following calendar to

figure out the times (months) in a year when mastiral disasters usually take place.

Table 4.3 Disaster calendar of study area

Months
x =
Types of Disaster o s | i | SE | ei | == o | 2% | u= | >= o5 c
£ | S5 | S (25|38 |35 |38 |38 |85 |25 |85 |5%
52 |5 | 52 |52 |58 |52 |38 |92 |85 |55 38|88
SE | &L =0 |8 | =8 |5 |35 |z | s | ox z‘g oo
Cyclone and tidal surge
Flood due to high tide
and dam collapse
Water logging
Heavy rainfall
* Name of the Bengali months
- Disaster prone period Anytime can take place

Sources: Field Survey, 2010
As we have already mentioned that the latest tveastérs (cyclones) hit this area if"15
November 2007 and F9May 2009 respectively, which are consistent wih above disaster

calendar for the study area.

4.12 L ocation map of the study area
Koyrais one of the upazilas of Khulna district in Baatgsh. Top two figures under map 4.1

show the location of the study area with respedBangladesh as well as with respect to
Khulna district; and the bottom one shows the adstrative units of the study area known as

union.
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Chapter FIVE
Identification of Climate Change Effects and Quantification of Vulnerability

5.1 Background

Climate change manifests itself through its effecdsising death and physical injury of
people, death of livestock, destruction and danwdgghysical infrastructure and damage of
asset. A developing country like Bangladesh possgsgeak economy, population pressure,
low level of physical and non-physical infrastruetu institutional inertia and political
instability is eventually vulnerable. Furthermoryture climate change effects may
exacerbate this vulnerability more. Hence, in gtigdy we have dealt withiKoyra,” one of
the most disaster prone coastal areas of Banglatteshis chapter we try to figure out the
existing possible effects of climate changeKioyra based on secondary sources and field-
survey findings. Later we quantify the vulneralilih various unions oKoyra by using the

Vulnerability Index.

5.2 Identification of climate change effectsin Koyra

5.2.1 Extreme climatic events
Being a coastal zon&oyrais likely to experience extreme weather eventqidtloeless, it is

important to figure out whether these extreme evan¢ the effects of climate change if
there is any anomaly in the trend of climatic citashes. Therefore, we start with a
‘Ranking of extreme climatic events’ in the studgawhich is obtained from result of FGDs
from different unions irKoyra. During the FGDs the participants were asked ti rthe
most frequent extreme climatic events or naturahsters in their respective areas. The

raking is shown in the table 5.1;

Table 5.1 Raking of most common disasters in the study area
Disaster events Rank Average % of respondents supported during FGDs

Cyclone and storm surge 1 83
Flood 74
Temperature rising 71
68
61
56
41
12

Change in rainfall pattern
Water logging
Salinity intrusion
Erosion

0 N o o B~ W DN

Drought
Source: FGD, 2010

The raking is constructed by taking the averageemages of respondents who ranked

disasters within the FGDs and among the FGDs. &bt tshows that the most common
disaster is cyclone and storm surge followed bydlotemperature rising and so on. We
assume that there is a close association betwednphtwo disasters since the former usually

causes the latter.
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Now let us have a glimpse at the historical trehdyclones those hit the coastal Bangladesh.
Within the span of last 40 years (1970 to 2010)e fmajor cyclone and storm surge hit
Bangladesh. This seems to be an indication thaglBdesh gradually becomes prone to
frequent tropical cyclones associated with storngesuFrom table 5.2 it can be observed that
the returning period of these devastating cyclaseteclining over the years. Since the late
90’s this declination took a sharp change in rettyale which reached at 2 years at the
beginning of 21 century. Such time frame indicates the changesthia climatic
characteristics in coastal Bangladesh that isyikelbring cyclones as most common disaster
with huge losses. Not only cyclone but also stourgs, flood, drought and water logging

become a regular climatic catastrophes for thia.are
Table 5.2 Cyclone trend in Bangladesh

Name of the cyclone Year and date Return year
Greater Bhola cyclone 12 November, 1970 50
Tropical cyclone 29 April, 1991 21
Orissa cyclone 29 October, 1999 8
Cyclone SIDR 15 November, 2007 8
Cyclone AILA 29 May, 2009 2

Source: Hossain et al., 2009, BMD, 2009
5.2.2 Temperature

Temperature is an important parameter for evalgatire climatic condition of any area.
Therefore, yearly average temperature trend depiottear picture of gradual warmer or
cooler condition of any countriKoyra upazila is located in South-western climatic sohez

of Bangladesh. Temperature trend of the above-mead area for last 61 years shows that
since 1990s the yearly average temperature is glligdescalating. It is shown in chart 5.1
where the yellow line indicates the trend of yeaerage temperature (). This average

has gone up to more than’8lwhich indicates possible anomaly in climatic dénd.
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Chart 5.1 Yearly average temperature (in °C) from 1948-2009 in south-western Bangladesh
Source: Dayton, 2010b, BMD, 2009
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5.2.3 Rainfall pattern
The rainfall pattern is quite similar with the othecations of the southwest coastal belt. This

pattern raises up to 320 mm in the rainy seasonratite dry season it falls below 50 mm.
However, heavy rainfall is common in the study aaed it occurs two or three times in a
year. Like the previous parameter, a trend of yeavierage rainfall (in mm) for same time
period is conducted and the result shows a sligiwand trend of annual rainfall in the
southwestern coastal zone of Bangladesh. This shodis that since late 1990s the annual
average rainfall goes up to more than 150 mm. Ghargives an overall idea on this rainfall
trend.
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Chart 5.2 Annual average rainfall (in mm) from 1948-2009 in south-western Bangladesh
Source: Dayton, 2010a, BMD, 2009

5.2.4 Changein sea level
Based on the available data on sea level, it igdid out that over the span of last eighteen

years the mean sea level of the Bay of’

Bengal is rising. Particularly from the

40

year 2000 it started rising at

30

| (man)

significant rate. Among the importaré 2

[
climatic factors, rise in mean sea level® I

=
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10

possible  change in cIimatic:

20

characteristics in the coastal zone of vears
Chart 5.3 Change in sea level from 1992-2009
Bangladesh_ Source: Boulder, 2010
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By considering respective trends of temperatuiefathand sea-level change altogether, we
get the overall climatic trend of the southwestemastal zone of Bangladesh. By comparing
these trends with the world trends it will be pb#sifor us to conclude if climate change is

likely to take place in our study area.
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Chart 5.4 Trends of important climatic parameters during 1992-2009 in study area

Chart 5.4 shows that all the three climatic paranmsehamely temperature, rainfall and mean
sea-level are relatively in increasing trend durthg last eighteen years. From this time
frame we observe a significant trend change ontynriean sea-level. However, as we take
the long-term trends (1948-2009) for the mentionkahatic factors, we find that average
yearly deviations in temperature and sea-levelarge0.8C and 48 mm respectively, which
is consistent with IPCC’s synthesis report in 20FCC, 2007d). We then compare the
rainfall trend for the same period with ‘precipitet assessment’ by Working Group | of
IPCC (IPCC, 2007e) and find that yearly averagefadli for coastal Bangladesh complies,

although not completely, with IPCC’s precipitatiassessment report.

We can conclude that the important climatic paransein the study area show relatively
anomalous trends, which affect all living specRssides, frequency of climatic catastrophes
is increased and cyclone return-year is declineg thve last two decades. Compared with
findings and projections of AR4 of IPCC, and thstiteonies of the old-aged people of the
study area, these empirical findings of local chimdactors indicate that climate is very

likely to change in southwestern coastal zone ofgiedesh.

5.3 Quantification of vulnerability in the study area
As mentioned in the ‘Methodology’ chapter, vulnelip is quantified with the help of a
Vulnerability Index.This index considers five main Domains namely- dgraphic, social,

economic, physical, and disaster-exposure. UndesetrDomains, fourteen criterions are
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selected and finally for addressing Domains ante€ons, twenty two variables (indicators)
are chosen as per relevance for our study areadétail seeMethodologychapter). This

index provides a single value or score for eaclomuigboth for domain-wise and total). The
higher the score, the higher is vulnerability foncerned union. While explaining domain-

wise vulnerability we have mentioned variables whither percentages in that domain.

5.4 Domain-wise vulner ability

5.4.1 Demographic vulnerability
Demographic vulnerability is determined on basigmédrmation obtained from five different

variables under three criterions. Table 5.3 shoWwat tin our study are&oyra is
demographically most vulnerable union, followed bakshin Bedkashand Bagali union

On the other handmadi, Uttar Bedkashi, Maheshwarpand Maharajpur unions are
Table 5.3 Demographic vulnerability of study area Demographically less vulnerable compared to the

SI. Name of Union Demographic . .

No. Vulnerability Index other unionsBagali is the most densely populated

1 Amadi 5.72

2 Bagal 10.26 and Uttar Bedkashiis the least densely populated

3 Dakshin Bedkashi 10.98 . . .

2 Koyra 110 union. The former occupies the highest percentage
S Maharajpur 7.94 (49.44) of old and children and the latter occupies
6 Maheshwarpur 7.16

7 Uttar Bedkashi 6.18 the lowest percentage (45.8Xoyra and Bagali

Source: Appendix |
possess highest male-female ratio of 1.05 whevis®eswarpurmpossesses the lowest ratio

of 0.95. Dakshin Bedkashis having highest population growth rate of 2.1G#%d

N N
N @ b AMADI " K(\j ’
S

S

BAGALI MAHESHWARIPUR

UTTAR BEDKASHI

Legend
Legend value
Value 2260000
5720000 2260001 - 4410000
5720001 -6.180000 I 4410001 - 6.010000
[ 6150001 - 7.940000 I 010007 - 9.790000
[ 7940001 - 10.260000 I 790001 - 11560000
I 10 260001 - 11.100000
L O E I B
T o 2 4 8 Kilometers
0 2 4 8 Kilometers
Map 5.1 Demographic vulnerability composition in study area Map 5.2 Social vulnerability composition in study area
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Maharajpur occupies the lowest growth rate of 1.17% (BBS, 200vUttar Bedkashthere

is highest percentage of migrant households (1@if)inMaheshwarputthis percentage is

the lowest (1.00). Map 5.1 shows the pictorial preéation of demographic vulnerability.

5.4.2 Social vulnerability
In this Domain four different variables are seldatmder four criterions. Table 5.4 shows the

status of social vulnerability among different uman the study area. It is observed from the

Table 5.4 Social vulnerability of study area

Sl. Name of Union Sos:i_al
No. Vulnerability Index
1 Amadi 5.83

2 Bagali 4.41

3 Dakshin Bedkashi 6.01

4 Koyra 9.79

5 Maharajpur 11.56

6 Maheshwarpur 2.26

7 Uttar Bedkashi 8.76

social vulnerability index thaMaharajpur is the
most socially vulnerable union, followed Bypyra,
Uttar Bedkashiand Dakshin BedkashiHowever,
Maheshwarpuris the least socially vulnerable
union in the study area. Variables under this

domain show that highest percentage (93) of

Source: Appendix | illiterate households is iKoyra and Maharajpur;

and the lowest percentage (20) is foundMaheshwarpurunion. In case of povertthe
highest percentage (84.50) of households livingeuridis line is found irUttar Bedkashi
Union and the lowest is ilmadi(15%). We found exceptionally positive responsedse of
participating in national level election by the kebolds which shows that 88-100%
households in all the unions voted in the lasttelac But we found a poor response with
greater deviation in case of free labor contributixy the households, which is supposed to
be a good proxy for the social responsibility. Véearfd that inAmadi 96.70% households
contribute free labor in case of common issue ék@ankment construction, whereas only
43.30% households make their contribution for thme job inBagali. Map 5.2 shows the

overall composition of social vulnerability in teudy area.

5.4.3 Economic vulnerability
For this Domain, five variables are selected unfder criterions. Union-wise economic

vulnerabilities in the study area are shown in €abl6. Therefore, it is observed that the

most economically vulnerable union

IS Table 5.5 Economic vulnerability of study area

Maheshwarpur follwed by Maharajpur, Bagali and | S | Name of Union Vulnif:t?iﬁt';ifndex
Koyra. The least vulnerable union Asnadj followed ; g;“gaa‘:: 151'266
by Uttar Bedkashiand Dakshin BedkashiHowever, | 3 | Dakshin Bedkashi 9.50
variables under this domain show thatMaharajpur 2 Maﬁ;’fﬁpw 1?:;
highest percentage (66.70) of households depen urg Bﬂzgf;x;z:: 1; '0773

natural sources for their income, and this is ldvies

Uttar Bedkash{23.3%).

31 US$ per capita/day

Source: Appendix |
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B e
highest percentage (66.70) of households depem@tomal sources for their income, and this
is lowest inUttar Bedkashi(23.3%). Highest number of unemployed houseHd8 86%)
live in Amadiand least number live idttar Bedkashi(27.95%). As dwelling place 96.7%

households iBagali do not have any brick-built houses which is theimam; on the other
hand, 90% households lamadido not have such houses, which is the lowest ptage.
Hence, on this particular issue it is found thadlififerent unions in the study area majority of
households do not have brick-built dwelling placks Maheshwarpurhighest number of
households (51.7%) has lost their land due to ahtlisaster in last five years whereas the
lowest number in this case is Bagali (10.3%). From the perspective of disaster damage i
terms of economic cost, highest number of househql86.7%) has suffered in
Maheshwarpurwhereas in this case the lowest number of houdsh@5%) is inAmadi

Map 5.3 shows the composition of economic vulnditghin different unions in the study

area.
N. N
v \(\ﬁ;’ s AMADI W !‘:{‘/j E
s e
MAHARAJPUR
KOYRA
UTTAR BEDKASHI
Legend Legend
Value Value
6640000 3.780000
6640001 - 9500000 DAKSHIN BEDKASHI 3780001 - 5360000
I 2500001 - 10.570000 I 5560001 - 7.810000
I 10.570001 - 11.860000 I 510001 - 8100000
I 11 560001 - 16.720000 I s 100001 - 8640000
0 2 4 8 Kilometers 1] 2 4 8Kilometers
Map 5.3 Composition of economic vulnerability in study area Map 5.4 Composition of phvsical vulnerability in studv area
5.4.4 Physical vulner abil ity s|'I'able 5.6 Physical vulnerability o;;t;:ii;rea
Four variables are chosen under two criterionshis t No. | NameofUnion | v /e ability Index
. . . . 1 Amadi 7.81
Domain of physical vulnerability. Results from dama|—, Bagali 8.43
show that physically most vulnerable union |s Z DakSh}'sosgdkaSh' gsz
Maheshwarpur followed by Bagali and Uttar 5 Maharajpur 5.86
6 Maheshwarpur 8.64
Bedkashi Variables under this domain show that 7 Uttar Bedkashi 8.10

4 Source: Appendix |
Unemployed household refers to the ones wheredhsefold head does not have a paid or wage job
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highest percentage (98.4) of households not gediegtricity is inUttar Bedkashiand the
lowest is in Maheshwarpur (76.7%). Quite surprisingly almost all householuos
Maheshwarpurdo not have any sanitary latrine; however, theetwpercentage (11.0) of
households in this case is Amadi Almost all households iAmadiandBagali use ponds
and wells as sources of drinking water, howeves,|l&ast number of households (8.3%) do
so in Koyra. Considering the paved road network in the whaielys area,Maharajpur
possesses the lowest percentage (11.71) of pawet aot of its total road network, and
Koyra is having the highest percentage (39.22) in tlasec Map 5.4 shows union-wise

composition of physical vulnerability.

5.4.5 Exposureto cyclone and storm surge vulnerability
Vulnerability of this domain is determined with thelp of four variables under only one

criterion. Results from this domain show tBatkshin Bedkashs the most vulnerable union

Table 5.7 Exposure to cyclone and storm surge towards natural disasters, followed by
vulnerability of study area

sl. _ | Exposuretocyclone | Mgheshwarpurand Bagali. The least vulnerable
Name of Union and storm surge

No. Vulnerability Index . is Amadi followed by K d Utt

1 Arad 208 union is Amadi followe y Koyra an ar

2 Bagall 10.34 Bedkashi Variables under this Domain show that

3 Dakshin Bedkashi 11.89

4 Koyra 5.80 highest number of households (73.3%) not willing to

5 Maharajpur 7.03 . . . o

6 Maheshwarpur 1046 shift to cyclone during any natural disaster is in

7 Uttar Bedkashi 6.61

Source: Appendix| Dakshin Bedkas, whereas the lowest (6.7%) is
Koyra. None of the unions does have any provision dfyeaarning system in case of any
upcoming natural disaster. The highest number asébolds (48.3%) do not understand the
National Warning Systettive in Bagali union, whereas i\madialmost all the households
know and understand the above-mentioned warningmsy$uring any crisis period (usually
in natural disasters) the highest number (63.3%Mafseholds do not get shelter in either
cyclone shelter or neighbors’ place is foundviaheshwarpuwunion, whereas this number is
minimum (6.7%) inAmadi Map 5.5 shows the composition of exposure to anyeland

storm surge vulnerability in various unions of gtedy area.

5.5 Overall socioeconomic vulnerability compaosition in study area

By summing up all the domain-wise vulnerabilitiestal vulnerabilities in different unions in
the study area are determined. Therefore, it isndouhat Dakshin Bedkashiis
socioeconomically most vulnerable union, followey Maheshwarpur Bagali and
Maharajpur. On the other extreme, socioeconomically the lgabterable union ifAmadi
followed by Uttar Bedkashi and Koyra. Map 5.6 shows the composition of total

socioeconomic vulnerability in the study area.
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Therefore, on basis of aggregate/total  Table 5.8 Total vulnerability composition
in study area

vulnerability-score it can be concluded that the si. . Total Vulnerability
No Name of Union Index
most vulnerable unionD@kshin Bedkashiis at 1 Amadi 30.07651661
. 2 Bagali 44.69602584
~
the south of the study area and it is surroundett— " pahin Bedkashi 2601110174
mostly by mangrove foresSundarbansfrom 4 Koyra 41.03444662
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andMaharajpur, which are also surrounded by tBandarbandrom south-eastern sides but
with different border-lengths. HoweveBagali is the third most vulnerable union, which is
not surrounded by th®undarabans
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Chapter SIX
Econometric Analysis

6.1 Background

We have quantified socioeconomic vulnerability bdthmain-wise and total, by applying
Vulnerability Index in the previous chapter. Now weuld like to continue with figuring out
the nature and extent of relationship between valribty and important socioeconomic
parameters dkoyra. Hence, in this chapter we conduct econometrityarsawith the help of

a number of models. In the following part we deéhwhese models and results obtain from

these models.

6.2 Variables used in econometric models

With a view to identifying the relationship pattefmetween vulnerability and major
socioeconomic parameters, we ran a number of eceinenmodels. But before we proceed
to the operation with econometric models, let ugeha look at the variables used in these
models.

6.2.1 Dependent variables
The main dependent variable is expenditures byditmid for a basket of basic needs, which

is considered as a measurement of ‘poverty.” Thipemrditure measurement actually
represents a poverty threshold value, which isveddrifrom HIES (Household Income-
Expenditure Survey 2008) by BBS and is equivalerit$$ 202/capita/year (BBS, 2008). It
is referred as ‘Basic Need Cost’ in the model. 8esj in order to address capacity we also
used a variable- ‘Land in 2009’ as a proxy for weadf the households. This variable
indicates how much land was owned by the househa2®09. Both of these variables were

taken in log.

6.2.2 Independent variables
Below we have mentioned the independent variaklghl, short explanation, that we used in

models.

Variable ‘household size’ refers to the total numiiemembers in a household.

‘Education’ refers to household’s average aggregaiademic schooling year. It is the
number obtained by summing up of formal schooliegrg of all members in a household
and then diving it with the number of total houdehmembers. This variable is considered

as a proxy forapacityof households.
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The variable ‘Duration with community’ refers toetthumber of years the respondent
household living with the current community. Thiariable is used as a proxy f8ocial
Capital and hence, we mention this variable as sociataapiexplaining results.

Total vulnerability is defined as the sum@dmainvulnerabilities from demographic, social
economic, physical and disaster-exposure. Whileningh the models we took domain
vulnerabilities and total vulnerability separatelpng with other independent variables in

different models. In econometric models we takaftdgm value of total vulnerability.

Along with the above-mentioned dependent and inoéget variables, we used the
following two independent variables for construgtioorrelation and regression. We used

these results while recommending optimal adaptaifiions.

We used ‘access t&undarbansas a Likert Scale showing the frequency of access-
opportunity intoSundarbangor the households. Five levels under this vadabk: (1) very
frequent, (2) frequent, (3) rare, (4) very rare @)dnever.

‘Membership of any NGO or cooperative’ is binaryiables where ‘1’ indicates household’s

affiliation with any NGO or cooperative and ‘0’ fap affiliation.

6.3 Explanation of models

Results from various OLS regression models are showTable 6.1 and 6.2. The former
shows results when models are run with domain-wigeerabilities while the latter shows
results when total vulnerability is incorporatedttwbther independent variables. Despite
similar t-values and p-values, values of normalfftment and beta coefficient differ for the
independent variables in the result table. In stigly we showed the beta coefficients along
with normal coefficients from OLS regression in erdo figure out relatively influential
independent variables. For each coefficient astegtiatandard errors are mentioned in the

parentheses.

We used a Heckman Two Step Model for dependenabiariland in 2009’ in order to find
out if there is any sample selection bias in the&lehoThis model consists of two processes
that are addressed by two different equationstextsen equation and a conditional equation.
The first probit equation is a selection processtlie households having land-ownership or
not. In the second equation the effects of indepehdariables otand in 2009re examined.
These processes are related to each other thrdwagh drror terms which contain the
unobservable. If there is no correlation betweendiror terms of the two equations, there is
no need to perform a Heckman two step approachess ts no sample selection bias and an
OLS regression provides the unbiased result (DadvNorton, 2003). For such a model, the
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bottom line in STATA output gives a value fpr(rho) with associated p-value (detailed in
Appendix I1). Thisp is a likelihood ratio indicating the correlatioattveen the error terms of

the equations in Heckman model.

6.4 Model results

Using consumption-expenditureg our measure of poverty) as a dependent variabd B
regression, we found all the explanatory variallessignificant (Table 6.1). We also found
significant positive relationship for education asatial capital with expenditure whereas it
is significantly negative for household size. Hoe tulnerability domains, the result shows
that demographic, social, economic and physicahenalbilities have significant inverse
relationship with expenditure. However, disastgoaesure vulnerability does have a
significant positive relationship with expenditute.the next chapter discussion we will try
to chalk out the possible explanations for suclergdting relationship. Considering the
absolute values of the beta coefficients (model table 6.1), the result shows that physical
vulnerability is the most influential among indepgent variables followed by demographic,
social and disaster-exposure vulnerability (detiaite Appendix I1).

Table 6.1 Summery for model | and model Il

Model | Model IlI
Inben Ininduse2009
(Expenditure) (Land in 2009)
OLS Heckman OLS
Normal Beta 2 stage Normal Beta
coefficient coefficient coefficient coefficient
. -.0357074* . 4361334 0348126
Household size (016348) -1011274 (290438) (.046386) .0375936
. .0635488* . 1487238 .1512468* "
Education (.010055) 3229734 (.128006) (.030824) .2857759
Duration with .004812* " .0230931 .0179585* .
current community (001943) 1107967 (0176353)  (005924) 1462854
. -162317* " -.149929
Demographic (.029606) -.5432913 (.085697) -.1892319
. -.1060497* " -.240586* .
Social (.021808) -.5052605 (.065379) -4205176
. -.059757* . -.315331* .
Economic (015423) -.3076161 (.044408) -.6323797
. -.253997* " -1.271344 -.339000* .
Physical (.0533219) -.6537877 (1.380046) (157358) -.3171287
. A11715* " .085866 .2033898* .
Disaster-exposure (.0251089) 4869792 (1750879) (074873) .3393168

* Significant at 5% level
On the other hand, household size is the leastanflal variable followed by social capital
and education variables. The notable feature mrésult is that all the vulnerability domains

have relatively greater influence on expendituevgoty) than those of rest of the variables.
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When we took total vulnerability, instead of di#at vulnerability-domains, along with same
other independent variables; again we had hadigtifeant independent variables with
expected relationship with expenditure (model ITable 6.2). However, in this case beta
coefficients show that the most influential indegent variable is education followed by
social capital. Total vulnerability in this casensersely associated with expenditure but not

as influential as education and social capital.

We used the Heckman two step model while takargl in 2009as a dependent variable
(model IIl in Table 6.1). In the conditional equati of this model, along with other

independent variables, we only considered two \vralniéty domains: disaster-exposure and
physical vulnerabilities. Because, we found fromO@3Gand our own observation that the
physical infrastructure of study area had been imaygssuffered due to disasters. Result in
model Il shows that no independent variable isidicant under this conditional equation.
The likelihood ratio § = 0 with p-value 0.7967) shows that there is noetation between

the error terms of the two equations in Heckman eh¢detailed in Appendix II) and hence,
we conducted OLS. Result of OLS (coefficients indelolll) in this case shows that
education and social capital are significant; amibrag the vulnerability-domains social,
economic and physical vulnerabilities are signiftcavith expected relationship with

dependent variable (model 11l in Table 6.1). HoweVi&e OLS regression in model I, here
disaster-exposure vulnerability also shows a pasitielationship with land ownership

(dependent variable).

Table 6.2 Summery for model Il and model IV

Model Il Model IV
Inben Ininduse2009
(Expenditure) (Land ownership in 2009)
OLS OLS
Heckman
Normal Beta Normal Beta
- - 2 stage . .
coefficient coefficient coefficient coefficient
. -.0315999* 4036895 .0338232
Household size (.0167065) -.0894944 (2498939) (.0488095) .0365251
. .0863462* 11488 .1456066*
Education (.0089959) 4388366 (1326608) (0271656 2751189
Duration with .0050105* .0231359 .0168861*
community (.0019944) 1153569 (0173128)  (0062677) 1370498
-413301* -.0642915 -2.864805*
Invul (1705904) - 1075266 (2198003)  (483134) 294967

* Significant at 5% level
** Significant at 10% level

Taking thetotal vulnerabilityas one of independent variables in Heckman medelfound
none of the variables significant in conditionaluation (model IV in Table 6.2). The
likelihood ratio p = 0 with p-value 0.8093) in this case also indisato correlation between

error terms of equations. Therefore, we have caeduan OLS (model IV) and found all
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independent variables, expect household size, ignfisant. For the significant variables,
the expected relationships with dependent variabéealso same as model Il in Table 6.2.
The absolute values of significant beta coeffiger{tmodel IV) indicate that total
vulnerability is the most influential independerariable followed by education and social

capital. Detailed STATA results of the above-mem¢id 4 models are shown in Appendix II.
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Chapter SEVEN
Discussion

7.1 Preamble
In the last two chapters, we showed the likelines€limate change irKoyra and then we
figured out sub-sequent socioeconomic vulnerabititdifferent unions oKoyra. Furthermore,
we showed the nature and extent of relationshipvdxt vulnerability and important
socioeconomic parameters in study area. In thiptehave are going to discuss the major
findings that we obtained from econometric modatsthe end of this chapter we will reflect on
the robustness of the vulnerability index by crbssking with another index developed by an
alternative approach. We will also check the ecogioim model results from the new
vulnerability index.

7.2 Brief overview on socioeconomic featuresin Koyra

We start with the following Table 7.1, which showsjor demographic and socioeconomic
characteristics of the surveyed respondent houdsholthe study area. This table reveals that
majority of the households live under poverty aegehdent on various natural sources for their

livelihood and hence, their respective income seairare not secured enough. Most of them

have
Table 7.1 Summery statistics of socioeconomic characteristics of surveyed households in Koyra
Respondent (Household) characteristic Value
Percentage male respondents in sample 83.3
Respondent average age (median value) 41 (40)
Percentage of respondents’ religion Muslim 88.3
Hindu 1.7
Percentage of literate households* 38.3
Respondent occupation (%) Self-employed farmer 20.7

Self-employed fisherman 14.5
Daily labor 217

Others 16.0
Unemployed 12.9
Average number of family members (min-max) 4.85 (4-16)
Average household expenditure for basic needs [US$/year] (st. dev.) m (763)
Average per capita expenditure for basic needs [US$/year] (st. dev.) 1565.2 (106.5)
Percentage of households dependent on NRDI** 73.7
Percentage of households under poverty threshold*** 78.6
Squared poverty gap 0.0542
Income inequality [Gini coefficient) (min-max) 0.29 (0.21-0.36)
Percentage of households owing agricultural land 78.7
Average size (ha) land owned by households 0.33
Percentage of households having sanitary latrine 574
Percentage of households having tube-well (for drinking water) 56.9
Percentage of households having electricity connection 19.3
Average annual disaster damage (US$) 177

Source: Field survey, 2010
* A household is considered as literate if its average aggregate academic schooling is at least 5 years
** Natural Resource Dependent Income (NRDI) is considered as income obtaining from agriculture (crop cultivation), fishery and forest resource collection
*** The Bangladesh Bureau of Statistics calculates Basic Need Cost as a poverty threshold value, which was US$ 202/capita/year in 2008-09
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either minimal or nil asset (such as, land or eégbods). At the same time a good number of
households suffer from lack of basic housing ig#itlike sanitary latrine, pure drinking water

and electricity. Although both squared poverty gag gini coefficient show a mediocre income

inequality in the study area as a whole, theretexedatively higher income inequality in some

of the unions adjacent to tisindarbandorest area.

7.3 Major findings and discussion

Over the last decade the peoplkafyra upazila had suffered most of the devastating tffet
climate change. As a consequence, households icdimenunity level are likely to become
socioeconomically vulnerable. But this vulnerapitiiffers from union to union within the same
upazila, indicating different domain-vulnerabiligmong the unions. Based on the scores of
domain-vulnerabilities, we found th&laheshwarpuris the most vulnerable union from the
perspective of ‘economic’ and ‘physical’ vulneratyil Dakshin Bedkaslscored the highest for
‘disaster-exposure’ vulnerability;Maharajpur obtained the highest score for ‘social
vulnerability andKoyra union got the highest score for ‘demographic’ enéibility (for detail
see Appendix I). Total vulnerability score (sumatifdomain scores) shows that relatively more
vulnerable unions are situated to the southerrsanth-eastern sides iibyra upazila, and these
vulnerable unions have greater proximity with thangrove foresSundarbansBesides, these
unions belong to ‘severe tidal surge’ zone in Badgkh (Mapbangla, 2009). We will discuss the
findings of this study with the help of resultsrfranodel I, model Il in table 6.1, and model I,
model IV in table 6.2 in previous chapter. Therefowe first discuss relationship between
vulnerability (with domains) and poverty as a measof consumption-expenditure; then we

focus on vulnerability (with domains) and land owsiep of households.

In the study area large portion of households @3.depend on natural sources for their
livelihood. These natural sources mainly cover thsource collections from adjacent forest
SundarbansWe figured out from household-survey and FGD$ thase households possessed
very weak construction of their homesteads and pégwer level of infrastructural support by
the local government. As a result, in case of dimatic shock these households were more
likely to be vulnerable through deepening their grty level because such shock contributed
massive destruction in bo8undarbansnd its adjacent localities. Our empirical resolnplies

with this scenario since all vulnerability-domaimxcept disaster-exposure, indicate relatively

greater negative effects on the household povestgll The result (model II) shows that 1%
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increase in the total vulnerability would contribub 41% significant increase in poverty for the

households.

Key findings from FGDs in different unions indicateat during post disaster period the
households in most cases suffered from lack of eympént opportunity, well-constructed
homestead and capital assets. We came to know tflrentocal government that due to heavy
damage in theSundarbansin the last two cyclones in year 2007 and 2009, ¢katral

government imposed embargo on accessing into ¢hestf for an unlimited time. Hence, this
had induced a serious impact on the local housebhofdmunities which led to a serious
economic vulnerability for the local households. we deal with domain-wise vulnerabilities
our empirical result (model 1) reflects the samensgio, which indicates about 6% significant

increase in the poverty level due to just 1 urstéase in the economic vulnerability.

We also had the same result for physical vulnetgb®ur survey findings indicated that due to
the effect of powerful cyclones over this area mafsthe physical infrastructure were either
heavily damaged or destroyed. Therefore, houselsuifiesred from lack of pure drinking water,
sanitation, electricity and road network. Thesegdther contributed the physical vulnerability
for the households. Our empirical result (modelngicates that 1 unit increase in physical

vulnerability significantly exacerbates 25.4% pdydor the households in the study area.

Similarly there would be demographic vulnerabilityhouseholds suffered from the death or
severe injury of the main earning member in theilfamiue to any natural disaster. In some
cases households were supposed to migrate towdsds area or relatively cheaper rural areas
during post disaster periods. These features dhegeonstituted demographic vulnerability
which ultimately affected household poverty. Ourpaical result (model 1) shows that 1 unit
increase in this vulnerability results 16.2% sigmi@int increase in the household poverty level. In
the same way, in the post disaster period therehtmiig social vulnerability due to less
involvement of households in local decision-makipgcess and common activities. Result
(model I) shows that 1 unit increase in social ewdiility significantly exacerbates 43% poverty

for the households.

However, for the disaster-exposure vulnerability @mpirical result provides a complete
opposite scenario whereas the expected relatiors#tipeen this vulnerability and poverty is

supposed to be inverse. Quite surprisingly our eogdiresult (model I) shows that 1 unit
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increase in disaster-exposure vulnerability woudphiicantly lessen 11.2% household poverty.
We tried to discover the reason behind such peacrdiationship and we focused towards key
findings of FGDs and informal discussions condudtedlifferent unions of the study area.

Finally we were able to discover that during thetpdisaster period lots of reliefs were usually
sent to the affected unions which ultimately pustiezl consumption-expenditure level of the
affected households and hence, their poverty lexsd diminished. But in the end we also
figured out that such a fall in poverty was perhapshort-term phenomenon since we found
quite a many households were migrating to urbaasagi@ their livelihood, which indicated their

struggling with poverty. Major reasons behind thignerability are absence of or least effective
local early system, lack of knowledge on warnirgnsis and indifferent attitude of households
on disaster preparedness. We also figured outinhatany occasions households were hardly
willing to leave their capital assets such as eattlough, fishing nets etc. during disaster and
shift to cyclone shelter. Finally we found a goodmber of households who ignored the
forecasting of disaster and in the end sufferedtaThese households ignored the warning
because in a number of occasions they shifted tboeg shelter once they had heard the
warning and later they had found nothing happemnddch made them indifferent to early

warning or forecasting.

When we considered the other independent varialhlegsehold size, education and staying
duration with current community), in both modelsueation (literacy) was found as most
influential among these three followed by sociglitad and household size. Our empirical result
shows that with one year additional education ftwoasehold, their poverty would be lessened
by 6.4% (model 1) and 8.6% (model II) respectivadyte additional year staying with current
community, indicating higher level of social capitaould diminish their poverty by 0.5% in
both cases (model I and model II); whereas onetiaddi member in household would escalate
their poverty by 3.6% (model I) and 3.2% (model These results are consistent with our key
findings from FGDs and informal discussion with pkoin study area. We found that
households with greater number of literate membvere well aware about the weather forecasts
and they did have better jobs and hence, they lessevulnerable and less poor. At the same
time, the longer period households stayed withsdi®e community the larger social network
(social capital) they had and by the dint of thegswork they were more likely to cope the
disaster shocks and poverty as well. Finally, wentbthat households with more members were

more likely to be vulnerable to disaster-effectsl @so poorer. Beta coefficients indicate that
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among domains physical vulnerability is the mogluential followed by demographic, social
and disaster-exposure (in model I). Whereas in cadetal vulnerability the most influential
variable is literacy (education) followed by soaapital and total vulnerability (in model III).

So far we have dealt with poverty, in terms of exprire for basic needs, in order to figure out
empirical relationship between poverty and vulnditgp We again examine the same

relationship, however, with a different proxy fooyerty. In this case we adopt ‘land use in
2009’ as a proxy since this refers to land owngrgbapacity) for respective households and in
our sample about 79% households own their own &thdugh quantities are very small. Above
all, we mainly focus on relationship between poyarid vulnerability.

Result (normal coefficients) from model Ill showst among the vulnerability-domains social

economic and physical vulnerabilities have sigaific inverse relationship whereas disaster-
exposure vulnerability has significant positiveateinship with land ownership of households in
the study area. Beta coefficients in this modelcaig that economic vulnerability is the most
influential among significant independent varialfldlowed by social, disaster-exposure,

physical vulnerability and education.

Key findings from FGDs and informal discussion gate that during post disaster periods the
affected households tried to survive by smoothhegrtconsumption levels and hence, in most
cases they sold their lands to local landlordseat \nominal price. We also figured out that
during such situation landlords took the advantgeaking over lands from affected households
by creating psychological pressure on these holdehath the help of local pressure groups.
Our empirical result is consistent with this faethich shows that with 1 unit increase in
economic, social and physical vulnerabilities thteced households lose 31.5%, 24% and
33.9% of their land respectively. However, we alsve an opposite scenario for disaster-
exposure vulnerability where we found relativelyttee off households, who played role of
pressure group for landlord, in many cases purchizsels from severely affected households in
the post disaster period. Our empirical result (h.$nodel 1lI) shows that 1 unit increase in
disaster-exposure vulnerability enhances 20.3%ea&s® in land ownership/quantity for
households. This result suggests that in study #@&d land quantity remained the same;
however, the ownership was gradually confined amefew people. We infer that this scenario
is common in more vulnerable unions of our studgaarFGDs and household informal

discussion revealed that households with highecathn and longer staying period with same
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community possessed relatively more land. Our e@ogbiresult complies with this finding by
showing one additional year in both education aaglisg with current community would result
15.1% and 1.8% increase in land ownership/quafditiiouseholds.

Taking the total vulnerability (OLS in model IV)alg with the same set of independent
variables used in previous models, we found onshafdbeta coefficients that vulnerability is the
most influential significant independent variabtdldwed by education and staying period with
same community. Although the beta coefficient fawusehold size’ in this model provides quite
opposite direction of expected relationship witantl’, this coefficient is not significant. The

result of model IV (OLS) indicates that 1% increasdotal vulnerability would significantly

decrease 286% land ownership for households, wikitho much indeed. For education and
staying duration with same community, the resulbveh that one additional year in both
education and staying with same community wouldegi¥t.5% and 1.7% rise in the land
ownership for households. We infer that the undeglyausal relationships of these significant

variables with dependent variable are same as vianed in model .

By reviewing the above-mentioned findings, we camatude that vulnerability as a whole

exacerbates poverty for households. We have alsadfthat vulnerability affects the capacity
(in terms of land ownership) of households andehgm@ significant inverse correlation between
capacity and poverty; and between capacity andevahility (detailed in Appendix III).

7.4 Magnitude of the effects
For each of the model mentioned in table 6.1 arli®.the previous chapter, we test the
magnitude of effects for a certain variable. Theref we have chosen ‘Physical vulnerability’

for model | and III; and ‘Total vulnerability’ fomodel Il and IV as the variable of our interest.

We have found that an increase of the value ofiplysulnerability by one standard deviation
taking all other independent variables at the measylts a decrease of 65% in the expenditure
of households, which indicates an exacerbatiorogkpy by 65% for the households (model I).
We did the same for model 11l and found that thevasmentioned vulnerability reduces 85%
land-ownership for the households (detailed in Aqjpe Il).

When we take ‘Total vulnerability’ as our variald&interest, we have found that one standard
deviation increase in the value of this vulner&piliesults 20% decrease in expenditure of

households, which shows exacerbation of povertgedd(model 1l). For model IV we have
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found that Total vulnerability reduces 34% land-evahip for the households (detailed in
Appendix II).

7.5 Reflection on vulnerability index and econometric model results

We are interested to check the consistency of vabiity index and hence, we adopt an
alternative approach to obtain the vulnerabilitgres. However, we do not consider the scores
of individual domain-vulnerabilities rather we ordgal with the scores of total vulnerability for
each union. Using relevant scores from the origimaéx (Appendix [), we adopt the following

formula to determine total vulnerability score &ach union;

_(%/demographi x socialx economicx physicalx disasterexposure
11C

By applying this formula we have obtained a newneuhbility score for each union. We then

New vulnerability score

make a ranking where rank ‘1’ indicates least vidb& and ‘7’ indicates most vulnerable union.
Furthermore, we compare the new ranking with théreen first one in order to check
consistency of the first vulnerability index. Table shows these rankings where the left-hand
panel shows the vulnerability-ranking (old rankirg)unions by taking scores from the first

index; and the right-hand panel shows the old ramkiith new scores.

We have found that in case of new scores, rankamgttfree unionsMaheshwarpur, Uttar
BedkashiandMaharajpur is changed although in both panels the most vabie and the least
vulnerable unions are the same. Hence, we can wiac¢hat new vulnerability scores comply
58% with the first (old) vulnerability scores.

Table 7.2 Comparison of old and new vulnerability scores

Ragll:ijng Unions Old score Ragll:ijng Unions Old score New score
7 Amadi 30.077 7 Amadi 30.077 0.053494
6 Uttar Bedkashi 38.712 2 Maheshwarpur 45.248 0.068583
5 Koyra 41.034 5 Koyra 41.034 0.068979
4 Maharajpur 44.255 6 Uttar Bedkashi 38.712 0.069579
3 Bagali 44.696 3 Bagali 44.696 0.077277
2 Maheshwarpur 45.248 4 Maharajpur 44.255 0.077425
1 Dakshin Bedkashi 46.011 1 Dakshin Bedkashi 46.011 0.081206

Source: Appendix | for old scores; and formula in previous page for new scores
We have also tested the regression coefficientslfband new scores of total vulnerability. In
both cases for model II, we find all the variabée significant and coefficient values for all

variables, except vulnerability, are almost similartable 7.3 all these coefficients are shown.
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We take the deviation between old and new coefficéand find very nominal deviation except
for vulnerability. The average deviation for modlas 0.1, which is relatively very nominal.

Table 7.3 Regression coefficients for old and new vulnerability scores

For model Il For model IV
o!d. new Deviation °|.d. new Deviation
coefficient  coefficient coefficient  coefficient
Household size -0.0315999  -0.0315993 -0.0000006 0.0338232  0.0338232 0
Education 0.0863462 0.0863453 0.0000009 0.1456066  0.1456066 0
Duration with community ~ -0.0089959 0.0050107 -0.0140066 -0.027166  0.0168861  -0.0440517
Invul 0.0050105 -0.412819 0.4178295 0.0168861 -2.864805  2.8816911
Average 0.1009558 0.70940985

Source: Appendix | for old scores; and formula in previous page for new scores

For model IV, except vulnerability we have obtairechost the same coefficient values for the
other variables. In both cases except househo#]-gie find the other variables significant. We
find mentionable deviation for ‘vulnerability’ vaile and the average deviation for this model
is 0.7, which is higher than that of model II.
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Chapter EIGHT
Optimal Adaptation Optionsfor the Study Area

8.1 Preamble

During the COP15 in Copenhagen in December 20@&oa number of recommendations
were proposed focusing @uaptationstrategies for the climate-change affected dewegpp
nations (BDNews, 2009). Adaptation, due to effeciclomate change, is one of the two
principal response strategies. The other strategyiiigation. The basic difference between
these two response strategies is that the formmrsés on coping with the problems of
climate effects when they take place while theelaftttempts preventing the climate change
problem from taking place at all (Hug and Reid, 20Based on the empirical results from
data analysis and FGDs for this study, we wouldusomostly on adaptation strategies
addressing by adaptive capacity of the vulnerabkstal households. Between anticipatory
and reactive adaptations (Hug and Reid, 2004), this study we emphasize on the
anticipatory ones since the reactive ones wereechout by various agencies in our study
area in the immediate post-disaster period. Bubreefve recommend for the optimal
adaptation options, let us have a glimpse at tistieg adaptation options and the associated

pros and cons.

8.2 Existing adaptation strategies

Adaptation options for coping with natural disast@ffects of climate change) depend on a
number of factors such as- geographical, economscaiial and cultural settings (Dey and
Rahman, 2009). As a disaster-prone area theregwedanumber of strategies adapted by the
local inhabitants over the years in order to copih the effects of natural disasters in the
whole southwestern coastal zone of Bangladesh.|®adppted these strategies in the forms
of structural as well as non-structural measurdk wiview to diminishing their vulnerability
to natural hazards. However, these adaptationegiest or options differ from area to area.
Hence, in this study we consider only the adaptatiptions available itoyra upazila and

in the following part these are mentioned in a shedl.

8.2.1 Disaster early warning system
The Bangladesh Meteorological Department (BMD) nérested with all sorts of weather

forecasting. BMD is situated in the capital andfuad that it reconciles all the weather-data
from sub-stations across the country. Weather wgraystem including cyclone, came into
being historically through evolution in order totigate suffering of people. It is observed
that relatively accurate and timely forecastingteysand timely information dissemination,

mobilization and action were more effective to meluhe loss of life and damage to
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properties during the cyclones since 1990s (GoB)9ap As proven under Cyclone
Preparedness Program (CPP), the early warningmatte innovative approach could be one
of the most effective coastal defenses (IWM, 200HQr Koyra such warning is only

available with radio-news.

8.2.2 Safe haven facilities
There are a number of raised earthen mounts kneaillas, which are mostly naturally

formed. Thesekillas along with cyclone shelters have proved their atffeness as safe
haven during the cyclone induced storm surges (IVE®8Q7). Our empirical findings from
FGDs and household survey reveal that most of taplp fail to get shelter in cyclone

shelters during natural hazards avail the protaediipkillas.

8.2.3 Coastal embankments
With the assistance of the Dutch government in 1®&3the-then government constructed

coastal embankment, known as polders, with a veewanaging coastal crest levels (GoB,
2005b). However, the local Water Development Badidinot the probable sea level rise in

future. Hence, during the storm surge or any cagpkic events this coastal embankment
does not resist the flooding insill@yra upazila. A study found that with 27cm sea leveéri

4 numbers of polders will be submerged, and thimbmer will increase to 13 polders with 62

cm sea level rise (IWM, 2007). The embankment imtioth can be avoided by raising the

crest according to the influence of sea level ribls/ertheless, this coastal embankment still
plays the role of safe-guard for the coastal comitrasm

8.2.4 Afforestation
The Forest Department (FD) in Bangladesh has im@héed a project nametioastal Green

Belt Project(1995-2002) under which over 1300 km of embanknpéanttations, 7500 km of
strip plantations, 665 ha of foreshore plantatiorese carried out (GoB, 2009b). Under
Coastal Embankment Rehabilitation Project (CERPjehplantation was done both on
embankment slopes and foreshore. The intentiomeffdreshore plantation was to protect
the embankment from direct wave action which ig/\d&Etrimental to the sustainability of the
polder (GoB, 2009b). However, the local people exerts opine that fdfoyra upazila the
mangrove foresSundarbansalways plays the key role to abate the devastatmgact of
natural disasters, particularly cyclone impactse TERP covered the borderskayra with
the Sundarbanso that this forest not only protects coastal comitres but also paves the
way for securing livelihoods for those communitiBamamasy and Baas, 2007).
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8.2.5 Vulnerability group feeding
We have found that the local and central governmemt currently conducting VGF

(Vulnerability Group Feeding) scheme for the aféecpeople irKoyra upazila. This scheme
is adopted as an immediate adaptation measure ipast-disaster period. Under this scheme
an affected household is given 20 kg rice per mohiiis scheme is taken in order to support
the survival of affected households. Our findingicates that this VGF scheme is most
effective inDakshin Bedkashithe most vulnerable union #foyra where people have too

narrow a range of income opportunity.

8.3 Optimal adaptation options

In the following part we are going to recommenduanber of adaptation options drawn on
basis of discussions from FGDs, household survey] finally our observation and
discussion with concerned local-government reptasees. While recommending these
options we consider the behavior of the coastapleetowards their livelihood earning.
Hence, the following recommended options are maatidn accordance with these peoples’
behavior, attitude and capacity to earn livelihot.this case we have prioritized the
adaptation options considering the above-mentia@igtbutes of the coastal people. For the
first two options we test if these comply with tresults from the correlation matrix and
regression result in Appendix Ill. For the resttbé recommended options, we rely on

outcomes of FGDs household survey and observatiomge have already mentioned.

8.3.1 Co-management of the Sundarbans
The role of mangrove fore§undarbangs inseparable in case of coastal societies since

provides a good number of positive externalitiestite coastal people (Iftekhar, 2008).
Besides, this mangrove forest plays the crucia oflsafeguard during natural catastrophes
(Harun-or-Rashid et al., 2009). Our survey findispw that 73.7 % people from all the
unions undeiKoyra upazila are dependent directly or indirectly fbeit livelihood on the
mangrove foresSundarbans However, the existence of this forest is at &estdue to
uncontrolled resource extraction from and abserickegal bindings for this forest. As a
result, the environmental balance is likely to mmpered which further contributes into

exacerbation of cyclone frequency in coastal zditekpar, 2008, Muhammed et al., 2008).

With the introduction of co-management in tBendarbangorest, it is possible to carry out
both adaptation and mitigation for climate chanffects. Adaptation in the sense that co-
management will ensure a secure income for thelpeapo live in the borders and adjacent
area ofSundarbansnd who will be involved in this procesehis can be done by providing
a part of the revenue generated frBomdarbansamong the people who will be contracted
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by the local Forest Office. As a consequence, theseeficiary groups along with local
forest-force will resist any unauthorized accesartd resource extraction from this forest. In
this way, the forest-resources will be systemdicdepleted that will pave a sustainable
conservation ofSundarbans.Moreover, by conducting this practice the envirenial
balance can be least harmed and thus, mitigatinrbeaensured. This kind of practice is in
vogue in Lawachara forest in north-eastern part of Bangladesh wheyenanagement
provides financial security to the participants andtainable conservation for the local forest
(Islam, 2009). In addition, the protected foresheoespecially in Bangladesh, provides a
good number of short-term and long-term benefitsbtith local and national GDP
(Chowdhury and Koike, 2010).

Our data analysis shows that ‘accessStmdarbanshas a significant positive correlation
(0.104) with expenditure, which is a measure ofguty in this study; and a significant
negative correlation (-0.385) with total vulnerdlgil With all the vulnerability-domains,
except social vulnerability, ‘access &ndarbanshas significant negative correlation Our
regression shows that for a household there igylilkesignificant lessen 17% of its poverty
once it has the access $nndarbangfor detailed correlation and regression, see Adpen
) . Therefore, a well contracted ‘co-management’ aaddurce regimes’ in terms of access
into the Sundarbansnay not only work as an adaptation option but atstbgation for the

people ofKoyra while facing effects of climate change.

8.3.2 Social capital
Adaptation for effects of climate change can besmered as a dynamic social process where

collective action takes the lead role (Adger, 2003)is collective action depends on trust,
reputation and reciprocity among members of thdespcwhich indeed indicate social
capital (Slangen et al., 2008). The Southeast Asigrerience shows that by the dint of
social capital the coastal communities are capt@bleope with the climate-related extreme
events (Adger, 2003).

This is also possible for Bangladesh as a Soutamsountry. We find from this study that in
relatively more vulnerable unions ikoyra, the people often use their family and social
network while coping with climatic shocks. We fintbre social integration in comparatively
more vulnerable areas where people adapt avaiditaigegies to cope with effects of natural
catastrophes. Our regression result shows thatlscapital abates poverty (0.3%) of the

vulnerable community significantly (for detailedroglation and regression, see Appendix

).
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Therefore, if the NGOs, which are currently workimgKoyra take initiatives with the
collaboration of local government to arrange sonadivational programs then these coastal
people will be able to possess better norms, vahegability and responsibility among them.
In this way a stronger social capital can be ceat@ong the communities that may work as

glue for them by the dint of which these people cape with effects of natural catastrophes.

8.3.3 Livelihood coping and adaptation
Adaptation options for coping with the natural dtgsis depend on geographical, social and

cultural settings of the region (Dey and Rahmar90So, in coastal communities people
need to adopt different adaptation options to aeiple existing effects of climate change that
strike as natural disasters. In this context, aleity the structural measures, non-structural
measures can also be fruitful to reduce vulnetgbitif the coastal livelihoods. The
adaptation options can be different for each Ihabd groups. As an initiative of IUCN-
Netherlands the RVCC (Reducing Vulnerability ton@dite Change) Project 2005 has come
up with several adaptive strategies such as: iseraacome by alternative livelihood,
increase food and crop production, ensure heafftysand access to pure drinking water,
and increase income by using common property (DB9). These strategies can be taken
into action to achieve household and community lleagaptation to climate change.
Examples of the RVCC Project identified adaptatigrtions for agriculture are: vegetable
farming on floating bed, integrated farming (crdiph and livestock) and cage culture (Fig
8.1).

Since the inundated area has been increased diterto surge and sea level rise, the crop
cultivation system could be changed to cultivatbornwater instead of soil (Dey and Rahman,
2009). Therefore, fish culture could be more effecthrough cage culture in water logged
areas.Bagda (shrimp) farming in brackish water is a well adegpand widely practiced
option. Similarly, livestock and poultry farming raised platform could be feasible options.
For instance, duck rearing could be very realigption in water logged areas (Figure 8.2a).
Moreover, training and awareness of people abautptissible future impacts of sea level
rise and adaptation options is very important widah be done through street-dramas and

folk songs (Figure 8.2b).

For our study are&oyra the above-mentioned livelihood coping and adaptasivategies
may have been effective if all the necessary astman be taken accordingly. According to
our observation, these adaptation strategies ast suitable foDakshin Bedkashinion in

Koyra upazila since it has mostly been water logged difag 2009.
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Vegetable garden on floating bed Cage culture of fish

Fig 8.1 Different adaptation options for agriculture and fisheries

Fig 8.2a Duck rearing in water logged area Fig 8.2b Awareness rising through folk cultural program

Source: IWM, 2007

8.3.4 Use of mobile phones
A report byThe Economistsuggests that mobile phone technology can be actefé tool to

delimit peoples’ sufferings from the natural digastand 4 billion people of the world can be
provided direct assistance through mobile in cdsang upcoming disaster (Economist, 2009).
A study in 32 tsunami affected villages in Srilankaows that mobile phone technology
functions the most effective early warning toolidgrany disaster (Samarajiva and Waidyanatha,

2009). Empirical result from this study shows thgiages that adopted mobile phone as early
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warning experienced least affect than those wha'diadopt this technology in the natural
disasters after tsunami. Among the developing c@sBangladesh is considered as one of the
most prospecting markets for mobile phones in Asid taking this into account a study was
conducted to examine the risk and benefit of usimgpile phone for providing health care
services (Van Kleef et al., 2010). Findings frons thtudy indicate that mobile phone can be
very effective in Bangladesh while disseminating &arly warning during any upcoming natural
disaster.

At present the total number of mobile phone subscsi in Bangladesh is 58.36 million (GoB,
2010) and day by day this figure is increasings Ibecause mobile phones are relatively very
cheap in this country. For example, the total émsa handset plus SIM card is less than US$ 20.
Hence, it is not much burden for a lower-middleoime family to afford a mobile connection.
The existing mobile-operators have spread theiwords over the remotest places in Bangladesh
even in the coastal zones. Therefore, it is possibl use the existing mobile operators to
disseminate information regarding any upcomingsdeyaamong the grass-root level people. We
find that at present the mobile operators providerly news update to their subscribers and one
can listen to this update by dialing to a particulamber at a nominal cost. We also find that
during any important event, like national immuniaatday, these mobile operators send text-
message to subscribers on behalf of the governtoamiake them aware about that event. The
same approach can be adopted to disseminate earnyng to coastal areas. However, in this
case a voice message is more effective than artegsage since most of the coastal people are
illiterate. Hence, these people may take urgenor&tto evacuate and shift to cyclone shelters
once they receive a voice message in their molilengs. Such adoption of mobile phone
technology in disseminating early disaster warnmgertainly more certainly more effective
than BMD forecasting. In this case government maly ron forecasting of SAARC
Meteorological Research Center (SMRC) and ask ragifibne operators to send voice message

in case of any upcoming climatic catastrophe.

8.3.5 Use of community radio
Over the last few years community radio has becampepular medium for news and recreation

in Bangladesh and hence, international agencies UIKESCO avail the help of community
radio for informing people about their activitieadaprograms (UNESCO, 2006). The most
distinctive feature of this radio is to inform pé®pegarding the ‘traffic congestion’ in the city

which is already proved worthy for the city dwedleHowever, this community radio is available
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only in the Dhaka and Chittagong (Khan, 2007). €fae, if any substation of community radio
can be set up in the coastal zone and in caseyohataral disaster if the message is broadcast
beforehand, then it will be easy to make peopleraveince the frequency of such a radio is
supported by both mobile phones and short-bancbrathere are few areas where mobile
network does not work but radio frequency does.tRese areas if any emergency message can
be broadcast through such radio then at leastniieissage can be announced from the mic (a
kind of loud speaker) so that people may aware taiteuevent. This application of community
radio can be as effective as mobile phones in abashes.

8.3.6 Community-based adaptation training
We find that a number of NGOs arrange small-saaiming for local community to acquaint

them with possible adaptation strategies duringinahtdisasters (Cordaid, 2009). Under this
training usually a female representative is setedtem each small cluster of the whole
community and they are trained by concerned NGQ@erMards those representatives arrange
informal gathering within the society where vari@adgaptation strategies are explained to them.
For instance, people are taught how to pack-up tiieisupporting belongings while they shift
to cyclone shelters, how to preserve their valualmeunderground and so on. When a good
number of people become familiar with such acti@hging emergency, they also start
disseminating this knowledge to their families aealhtives. Our FGDs indicate that this kind of
trainings is proved effective for adaptation. Heee this kind of training is conducted in too
few places inKoyra upazila. Hence, if the local government pursues akisting NGOs to
arrange such training in all the unions<afyrathen more and more people can be brought under
such training and hence, effective adaptation kedgé will be available with community levels
in coastal areas.

8.3.7 Institutional reformation
Institutions are the principal mediating factor fdecision-making process (Adger, 2000).

Therefore, inefficient institutions may indulgeannstitutional inertia and in case of adaptation
for climate change effects such inertia constitutedtiple consequences like biasd decision-
making, discrimination in resource allocation, reaeking, corruption and nepotism (Agrawala
and van Aalst, 2008). So in order to maintain prgy®ergy among various adaptation strategies
institutional efficiency and transparency are egakn
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During our study we figure out institutional ineriin local level government ¢foyra followed

by ruling party’s influence. Out of a bunch of obs#ions on consequences of institutional
inertia in our study area, we depict here only ehfEhe first one is about the repairing of the
damaged embankment Dakshin Bedkahunion, where due to rent-seeking intention of the
public officials and mighty local political leadetese embankment-repairing was delayed till
April 2010. The second one is about VGF-card distion among the distressed people in
various unions oKoyra, where the elected public representatives practgotism and hence,
aid from central government does not reach to tdtepeople who actually deserve this aid
(VGF-card). The third and last one is about thévaies of the ‘local pressure groups’ who are
the representatives of the mighty landlords or twali leaders; these pressure groups grab
resources from th&undarbansand shimp production plant forcefully, and hendeyt create
impediment in implementation of any adaptationtexladevelopment project ikoyra through

extortion.

We figure out that it is necessary to reform evkyel of institution in this coastal area,

especially public administration with a view to mi@ining synergy among various adaptation-
related projects. Once the public institutions Imeecefficient, perhaps there will be no necessity
to continue adaptation programs in these areastbheeyears rather the ongoing programs will

be sufficient enough to lift the coastal peoplerfraulnerability.

8.4 Remarks

As far as we observed, we have found that theiegisimate change adaptation strategies in
various unions oKoyra are ‘top-down’ in nature. However, we recommendroat adaptation
options that are mostly ‘bottom-up’ in process. &8ee we think that people from community
level are well aware about the existing scenaridgheir vulnerability; and if any strategy is
developed by considering these peoples’ obsenatioen the strategy is supposed to be more
effective than top-down strategies. Hence, for falating adaptation options it is supposed to be
better focusing on community level of the vulneealgjeople. We have also emphasized
community level while recommending the optimal ad#ipn strategies for coastal vulnerable

people.
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Chapter NINE
Conclusion

9.1 Background

Bangladesh, one of the 49 LDCs of the world, istdbuating the least to the carbon and

greenhouse gases (GHGs) emissions. However, thigrgas among the fewer most vulnerable

countries due to effects of climate change (Hualget2004). This study is set out to consider
climate change induced socioeconomic vulnerabifit)Koyra, a southwestern coastal area of
Bangladesh. Hence, we started with three genefjaties for this study those were addressed
by a number of research questions. We have triedaiize those objectives through descriptive

and analytical approaches.

We have accomplished this interdisciplinary stubyotigh a number of segments. First we
attempted to identify the possible effects of clienahange those were manifested in form of
powerful cyclones, storm surge and flood in ourdgtareaKoyra. Then we constructed a
vulnerability index consists of five domains and wetermined domain-wise and total
vulnerability for each of the 7 unions iKoyra upazila. Afterwards we ran a number of
econometric models to chalk out the nature andnéxdkrelationship of vulnerability (domain-
wise and total) with poverty and land ownershiggrat of households. In these analyses we also
considered a number of socioeconomic variablesHikesehold-size, literacy and social capital.
Based on the outcomes from these analyses finaly recommended for some optimal

adaptation options considering the existing optiarthe study area.

9.2 Summery of study findings

Due to growing debate on the issue of climate charmggpecially after climate scientists’
rejection of projected sea-level rise calculated®@C (Adam, 2010), we started with the issue
if there is really any symptom of climate changeoir study area. We have found that the
return-year of cyclones in the coastal area of Batesh has been declining since 1970 and
during 2007-2009 periods it dropped down to onlyears. We have also found for the study
area that since 1948 the important climatic fact@d gradual increasing trends- yearly average
temperature by 0.62, rainfall by 7.82 mm and sea-level by 0.65 mmweeer, since 1990 a
sharp increase is taken place with sea-level risielwis on average 1.4 mm per year. In the last
20 years this area is hit by powerful cyclonesoieitd by storm surge and flood in almost every

year. These findings altogether indicate some ahesan the usual climatic behavior, which
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are complied with testimonies of old-aged local gdeoon abnormal climatic behavior. In
contrast with the world scenario of these climdtctors (IPCC, 2007d), we concluded that
climate change is likely to take place in coastah@adesh and cyclones are the most frequent
effect of it.

We then tried to figure out the socioeconomic vtdibdity in our study are&oyra due to
effects of climate change. Hence, we adopted aevahility index constructed by Bollin and
Hidajat in 2006, and modified in accordance witlevant variables for this study area. In this
index, we decomposed total vulnerability into 5 @ms as- demographic, social, economic,
physical and disaster-exposure. Using a formulaobw®ined values (score) for each of the
above-mentioned vulnerability domain for each uradKoyra upazila (detailed in Appendix-I).
Summing up subsequent score of respective domansa funion we have obtained total
vulnerability for that union. Total vulnerabilitycsres indicate that socioeconomically the most
and the least vulnerable unioase Dakhin Bedkashi (46.01and Amadi (30.08)espectively.
Our findings show that unions having longer bougdeith mangrove forestundarbanss well

as nearer to the Bay of Bengal are relatively nvoiteerable.

Once we determined the vulnerability scores foruhiens, we ran a model to identify the nature
and extent of relationship between vulnerabilityd amportant socioeconomic factors like

household-poverty, household-size, literacy, socadital and land ownership. In this context,
first we figured out relationship between povertydavarious vulnerability-domains including

selected socioeconomic variables; then we repghtedame model but with total vulnerability
instead of various domains. Lastly we ran the sanwalel; however, this time we took

households’ land ownership pattern (quantity ofdlawned in 2009) instead of household
poverty. In this study we measured poverty on basisa threshold expenditure-value

(consumption) of US$ 202/capita/year, and we akledua proxy variable (staying period with
present community) for social capital.

We have found that all the vulnerability-domainscept disaster-exposure have significant
inverse relationship with poverty (model 1). Howeva this case disaster-exposure domain does
have a significant positive relation with poveftye have found that such positive relationship is
a short-term phenomenon due to abundance of fiéfaids during the post-disaster periods.
Based on the absolute values (beta coefficientsh fmodel I, we found that disaster-exposure,

physical and economic domains are respectively mofiiential vulnerabilities. As we
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conducted the same analysis by replacing vulnetgbibmains with total vulnerability, we
found a significant inverse relationship betweewngrty and vulnerability (model II). For both of
the above mentioned cases (model | and model II) haee found significant positive
relationship for literacy and social capital whéignificant negative relationship for household-
size with poverty. These model results are mosimmied with our findings from FGDs (Focus

Group Discussions) and household survey.

Later we used households’ land ownership patterstead of poverty in order to address
capacity of households, to investigate relationshifh the same independent variables used in
model | and Il. We have found that except disasigresure, all other vulnerability domains
have negative relationship with land ownership; &esv, in this case only social and economic
vulnerability domains are significant (model Illl)lhe disaster-exposure vulnerability is
positively correlated with land ownership in theneamodel and this relationship is significant.
Using total vulnerability we have obtained a sigia@ht negative relationship with land
ownership (model V). We found positive relationsifin model 11l and 1V) for household size,
literacy and social capital with land ownershipwewer, the relationship is significant only for

literacy and social capital.

On the whole, our empirical data analysis shows thlerability, both in the form of domain-

wise and aggregated (total), has mostly significamerse relationship with poverty. Our study
findings imply that relatively larger householdsffeu more from poverty, literate and better
educated households are better off and less sdffeyepoverty, and households with better
social capital are also less affected by poverhesk findings are significantly consistent with

outcomes of our data analysis.

One of the significant results from this study sBopositive correlation (0.237) between
expenditure (measurement of poverty) and land ostiygr while an inverse correlation (-0.279)
between vulnerability and land ownership (detailedAppendix Ill). Hence, land ownership
might be a crucial factor for capacity of the hduslds while facing challenges of both poverty
and vulnerability. We have mentioned in the eartibapter that the exacerbated social and
economic vulnerabilities along with local pressgreup force the disaster-affected households
to transfer (sell) ownership of their lands at animal price to local landlords. We found during
field survey that after transferring of land owrgpssome households migrate to nearby urban

area while some stay in the same union. Henceg thesseholds are self-selected to stay in the
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same union and even after selling their lands. \Aieehdentified two specific reasons for such
behavior of households- the first one is aboutrtheverty level, that is they are too poor to shift
somewhere else even after they sell their landsgpost-disaster period; and the second reason
is that these households try to grab proportiogatebre relief and aids from various local
agencies by staying in a less populated area dtimmgost disaster period. We have found this
scenario in relatively more vulnerable unions of study ared&oyra.

So our empirical study-findings conclude that pliesieffects of climate change exacerbate
socioeconomic vulnerability in Southwestern coaBtahgladesh. Furthermore, depending on its
domains such vulnerability differs from union toiam and significantly exacerbates poverty

and incapability (such as, lack of land ownerskgpXhe affected households.

9.3 Summery of recommended adaptation options

We have found that capacity of households becomgsva@tal factor to face the adverse
consequence of socioeconomic vulnerability crefitaah effects of climate change. Taking this
into consideration we have recommended a numbeptirhal adaptation options along with the
existing ones. We have emphasized co-managementaofjrove foresSundarbansso that
affected people may have a secure income fronfahest and at the same time its conservation
is also ensured. We did so since our finding ingisahat about 73.7% households are directly or
indirectly dependent on th8undarbansand this forest plays the key role for maintaining
environmental balance in the south and southwegiarts of Bangladesh. Furthermore, as a
capacity we recommend for usage of social capitateducing vulnerability-led poverty as
because we found that society with better integnats well capable of coping the effects of
disasters and poverty. Our empirical result froadaalysis also supports this recommendation

for co-management (see correlation table in Appehbi

As an adaptation option we also recommend for #e af mobile phones as early warning
system in coastal area through sending voice messlgis because BMD (Bangladesh
Meteorological Department) is not well equippedhanttodern system to forecast efficiently and
effectively any upcoming disaster. Hence, mobiler@s which are relatively cheap and with
vast network in Bangladesh can be better effeativder such circumstances. The usage of
mobile phone as disaster early warning has alrbagy succeeded in Srilanka (Samarajiva and
Waidyanatha, 2009) and hence, this might also lod#dl for Bangladesh. Side by side we have
also recommended for broadcasting of ‘communityaia@vhich is available with all short-band
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frequency radios, in case of any emergency. Intabasea community radio may be as effective
as mobile phones. We argued for mic (loud speakemosques to make people aware about

upcoming disaster where mobile network is unavélit radio frequency is available.

We have also argued for livelihood coping as adeptawhere strategies for co-farming of
fishery and poultry in an inundated area are sugdeg¢for detail see last chapter). Such
strategies are in practice under a project in Baggh (IWM, 2007), which have been
successful in some water-logged areas. Hence, wd& that these strategies may be also
prospective foKoyrawhich is disaster-prone coastal areas. We alseedpmcommunity-based
adaptation training that are already in vogue measelected places of Bangladesh. Under such
training some selected representatives (prefenablyen) are picked by a NGO and train them
to disseminate necessary information within comntyuregarding the actions to be taken prior

to and during any disaster (for detail see lasptdra

Finally we have recommended for institutional refation, particularly public administration in
our study are&oyra. We found that almost all development projectstmdiare hampered by a
number of institutional inefficiency such as- bidsdecision-making, discrimination in aid
distribution, rent seeking, political influence, ragption and nepotism. These altogether
constitute a kind of institutional inertia and asansequence both socioeconomic vulnerability
and poverty are exacerbated in various unionsayfra. Therefore, we argued for motivational
development for both local people and responsidhaiaistrative personnel. This can be done
through development of norms, values and rightshef general people along with proper
implication of legal bindings for existing institahs. Since institutions are the main mediating
factor for decision-making process (Adger, 200Qkcessful implication of adaptation options

largely depends on institutional efficiency.

9.4 Shortcomings of vulnerability index and econometric models

Using an index, in this study we have determinelenability in the union (community) level;
we did the same in case of subsequent vulneraliditgains. While constructing and modifying
the vulnerability index from the original index, wensidered only the relevant and important
variables in different domains. However, some \@ega are very context-specific and need to be
handled carefully. Furthermore, there might be mgwvariables and unobservable that may
have influence on the relationship among variatiias we have already investigated. This might

also be happened for variables at household-lénebther words, we used both primary and
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secondary sources while constructing this vulnéitgindex. The secondary data were used
from population census which had been conducte2D01 and adjusted in 2007. Therefore, in
some unions we found a few deviated scenario, edpyetn case of population density and
growth rate. For instance, we found population dgnger square km. as 803 in Dakshin
Bedkashi union (BBS, 2007); however, during ouiveyrwe observed this density was much
lower. Hence, in a few cases we had to proceed aitht deviated data while constructing
vulnerability index. Side by side, in this study Wave investigated only one way casual
relationship between vulnerability and poverty. Hoer, there might be a reverse causality
between these variables that we did not addresaristudy. When we tested the consistency of
this index with another alternative approach, wesgmme changes in the ranking of vulnerable
unions. In this case the new approach of vulnatglsbmplied 58% with the old approach.
Between regression coefficients from these two emahility indices, we found the little

deviations.

In all of the 4 econometric models we have got alinadl variables significant. However, these
models are not sufficiently explained (R squared adjusted R squares in Appendix II).
Furthermore, correlation coefficients in Appendikdre not strong enough. Despite a sample
size of 420 households, a possible reason may derlymg in the vulnerability scores. We have
determined these vulnerability scores (both domése and total) union-wise, not household
wise. Hence, in this study a vulnerability scoreised like a ‘community variable.” We obtained
individual value of poverty measurement for eachdshold in our sample whereas we got and
assigned only a single value for 60 households paréicular union. Therefore, for the whole
sample we had only seven different values of valbiity (both domain-wise and total) that we
used repeatedly in our regression models. In otleeds, vulnerability scores are likely to be
exogenous in the econometric models. Furthermondevapplying Heckman two stage model,
for conditional equation we did not consider all thie variables, especially vulnerability-
domains (model 1V).

9.5 Concluding remarks

Through this study we have tried to outline sevetsdllenges and gaps that persists while
effectively bridging vulnerability and adaptatioptmns due to climate change effects. We have
also tried to conclude regarding the manifestatibolimate change in study ar&ayra. While

determining socioeconomic vulnerability, we haverfd that relatively more vulnerable areas
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are located along with the borders of mangrovestdgeindarbansand close proximity of the
Bay of Bengal. Based on empirical results we hamend that socioeconomic vulnerability
exacerbates poverty for households. We have alsndfdhat all the domain-vulnerabilities,
except disaster-exposure, have significant inveesationship with poverty. Social capital,
literacy status and household-size are also impbr&mcioeconomic parameters affecting
vulnerability-induced poverty. The empirical finds of this study might be very helpful for
local and national level policy-makers who are ogsible for adaptation planning on behalf of
the government. Furthermore, these study-findirgs also help government to have a clear
picture of specific vulnerabilities (like physical economic etc.) in various unions lKbyra

which are more likely to be similar in most otheastal areas.

In order to maintain a synergy between study figdiand suitable adaptation options, we have
proposed a number of strategies as recommenddtioss are likely to be both adaptation and
mitigation. However, we think that there is ampt®e for further research on this premise.
Particularly, the vulnerability index can be funthmodified to apply in individual household
level with a view to quantifying vulnerability. Begs, variables/indicators under different
vulnerability-domains may be rearranged so thateodrspecificity of this index is minimized.

In our recommendation we did not focus on the rmalecivil society and detail of social
engineering in formulating adaptation options. Bfiere, these can be an interesting issue for

further research.

In fine, we suggest for more intensive study orhbuttigation and adaptation in order to lessen
vulnerability of coastal people in Bangladesh.slbecause both of those strategies are applied
for same purpose- to reduce the adverse effeatBnoéte change. Both of them are linked with
coastal climate system and hence, the more effiortigation is adopted now, the less necessity

for adaptation in future.
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Appendix I: Vulnerability Index Table

Amadi Bagali Dakshin Bedkashi Koyra Maharajpur Maheshwarpur Uttar Bedkashi
- S = = = = = = = = = = = = =
g 22 s g | 2 s 2 | £ g g | 2 s 2 | £ g g | 2 s 2 | £ k] g | £
S =E § |§ |2 | [§ |2 |2 (€ |3 |2 |8 |3 |8 (¢ [3 |8 |6 /|23 |8/]|¢,):3
= 2 E £ 2 H £ 2 E £ 2 H £ 2 E E 2 H £ 2 :
People/km? 094 | 35| 331 | 100 | 35| 350 | 027 | 35| 093 | 09 | 35| 338 | 08 | 35| 300 | 08 | 35| 299 | 000 | 35 0.00
2 % of old and child in area 0.18 4] 072 | 099 3] 297 | 08 | 45| 375| 093 4] 370 | 087 | 35| 305 0.00 41 -01] 000 4 | 0.00
g Male-female ratio 029 | 25| 074 | 032 | 25| 080 | 029 | 25| 072 | 032 | 25| 080 | 030 | 25| 074 | 027 | 25| 068 | 029 | 25| 071
g Population growth rate 0.11 3] 032 04 45| 184 | 100 | 45| 450 | 046 | 45| 208 | 0.0 4| 000 | 100 | 35| 350 | 055 | 45| 247
e % of hh migrated in last5yrs | 025 | 25| 064 | 057 2| 115 | 036 3| 1.09 | 057 2| 115 | 057 2| 115 | 0.00 2| 000 | 100 3 | 3.00
Domain total 5.72 | Domain total | 10.26 | Domaintotal | 10.98 | Domaintotal | 11.10 | Domain total 7.94 | Domain total 7.16 | Domaintotal | 6.18
% of iliterate hh 048 | 15| 073 | 08 | 15| 123 | 049 | 15| 074 | 100 | 15| 150 | 100 | 25| 250 | 0.1 1.5 | 016 | 068 | 15| 1.02
= % of hh under poverty line 0.10 3] 031 048 3| 144 | 079 3| 236 | 065 3] 194 | 091 3] 272 | 035 3] 106 | 1.00 3 ]3.00
k: % of hh participated in election | 037 | 35| 129 | 028 | 35| 099 | 015| 35| 051 | 1.00 | 35| 350 | 100 | 35| 350 | 000 | 35| 000| 057 | 35200
% of hh contribute free labor | 41,00 | 35 | 350 | 025 | 35| 075 | 069 | 35| 241 | 081 35| 284 | 0.81 35| 284 | 029| 35| 1.03| 078 | 35| 273
Domain total 5.83 | Domain total 441 | Domain total 6.01 | Domain total 9.79 | Domaintotal | 11.56 | Domain total 2.26 | Domaintotal | 8.76
% of hh income from nature 042 | 25| 106 | 008 | 25| 020 | 027 | 25| 067 | 032 | 25| 081 | 100 | 25| 25 | 077 | 25| 192 | 000 | 250.00
o % of unemployed people 1.00 4| 400 | 066 4| 263 | 0.08 4| 031 ] o011 4] 043 | 055 | 35| 193 | 054 4| 247 | 0.00 4 | 0.00
E % of hh live in non-brick house | 0.00 | 35 | 0.00 | 1.00 3] 300 | 025 | 35| 089 | 075 | 35| 261 | 045 3| 134 | 090 | 35| 313 | 075 | 35| 261
2 % ofhhlostlandinlast5yrs | 028 | 35| 099 | 0.56 5| 278 | 072 4 | 287 | 064 5| 319 | 064 4 | 255 | 1.00 5| 500 | 058 5| 291
% of hh suffered disaster-dmg | 047 | 35 | 059 | 0.88 3| 265 095 5| 476 | 0.88 4| 353 | 0.88 4| 353 | 100 | 45| 450 | 089 4 | 354
Domain total 6.64 | Domain total | 11.26 | Domain total 9.50 | Domain total | 10.57 | Domaintotal | 11.86 | Domain total | 16.73 | Domain total | 9.07
% of hh without electricity 0.44 4| 175 | 046 | 35| 161 | 087 4| 348 | 045 4| 179 | 040 | 35| 139 | 0.00 4| 000 | 1.00 4 | 4.00
3 % of hh without sanitary latrine | 0,01 3] 002 033 | 25| 081 | 006 | 25| 014 | 079 | 25| 199 | 079 | 25| 197 | 100 | 25| 250 | 076 3] 229
'g % of hh drinking pond water | 41.00 | 4.5 | 450 | 1.00 4] 400 | 013 | 45| 057 | 000 | 45| 000 000 | 45| 000 | 095| 45| 425| 005| 45025
& % of not paved road in area 044 | 35| 153 | 080 | 25| 201 | 098 | 35| 342 | 000 | 25| 000 | 100 | 25| 25 | 075 | 25| 188 | 052 3| 156
Domain total 7.81 | Domain total 8.43 | Domain total 7.62 | Domain total 3.78 | Domain total 5.86 | Domain total 8.64 | Domaintotal | 8.10
% of hh not go to c. shelter 002 | 35| 008 | 055 4| 220 | 100 | 45| 450 | 000 | 45| 000 000 | 45| 000| 062 | 35| 219 | 012 | 45| 056
SE§  Earlywamingsystem 1 4| 400 1 3] 30| 1 4| 400 1] 35| 350 1| 35| 350 1 5] 500 1 4| 400
2 E E % of hh not realize w. system 0 4| 000 1| 35| 35| 045 3] 135 028 | 35| 096 | 049 | 35| 171 | 007 4| 027 038 4 | 152
Z &4 %ofhhnothaving shelter 0| 35| 000 047 | 35| 164 | 051 4] 204 | 038 | 35| 134 | 052 | 35| 18 1 3 3| 018 31053
Domain total 4,08 | Domain total | 10.34 | Domain total | 11.89 | Domain total 5.80 | Domain total 7.03 | Domain total | 10.46 | Domain total | 6.61
Total Vulnerability Index 30.077 44.696 46.011 41.034 44.246 45.248 38.712
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Appendix II: STATA Outputs for Econometric Models & Outputs of
Magnitude of Effects

1. STATA results for Model- |

regress | nbcn total hhmenber edul evel duringw thconty denographi c social econonic physical
di saster_e, beta

Source | SS df MS Nunber of obs = 420
------------- oo F( 8, 411) = 16.62
Model | 40.8716902 8 5.10896128 Prob > F = 0.0000
Resi dual | 126.309802 411 . 30732312 R- squar ed = 0.2445
------------- e e Adj R-squared = 0.2298
Total | 167.181493 419 .399001176 Root MSE = .55437
I nbcn | Coef Std. Err t P>|t] Bet a
_____________ e e e e e e e e e e e e e e e e e e e e e e e e e mmmmmm e e e mm e mm e mmmmm—— -
total hhnem~r | -.0357074 . 0163486 -2.18 0. 030 -.1011274
edul evel | . 0635488 . 0100553 6. 32 0. 000 . 3229734
duringw th~y | . 0048124 . 001943 2.48 0.014 . 1107967
denographic | -.1623171 .0296055 -5.48  0.000 -. 5432913
social | -.1060497 . 0218081 -4.86 0. 000 -. 5052605
economc | -.0597572 . 015423 -3.87 0. 000 -.3076161
physical | -.2539967 .0533219 -4.76  0.000 -. 6537877
di saster_e~e | . 1117154 . 0251089 4.45 0.000 . 4869792

_cons | 8.162582  .7132672 11.44  0.000

2. STATA results for Model- I
regress | nbcn total hhmenber edul evel duringwi thconty |nvul, beta

Source | SS df M Nunber of obs = 420
------------- oo F( 4, 415) = 25.02
Model | 32.4843758 4 8.12109394 Prob > F = 0.0000
Resi dual | 134.697117 415 . 324571366 R- squar ed = 0.1943
------------- e e Adj R-squared = 0.1865
Total | 167.181493 419 .399001176 Root MSE = .56971
I nbcn | Coef Std. Err t P>|t] Bet a
_____________ e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mmm e mm e e e e mm e mm e m—— =
total hhnemr | -.0315999 . 0167065 -1.89 0. 059 -.0894944
edul evel | . 0863462 . 0089959 9. 60 0. 000 . 4388366
duringw th~y | . 0050105 .0019944 2.51 0.012 . 1153569
I nvul | -.413301 .1705904 -2.42 0.016 -. 1075266

_cons | 5.951293 . 6393881 9.31 0. 000
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3. STATA results for Model- il

heckprob | nl nduse2009 t ot al hhmenber edul eve

sel ect (accesst osundar bans
> | hhmenber edul eve
nol og

Probit node

tota

with sanple selection

duringw t hconty denographi c soci a

duringw t hconty physica

Nunber of obs
Censored obs
Uncensor ed obs

econom ¢ physica

di sast er _exposure
di sast er _exposure)
420
81
339

5. 47
0. 3612

RPooRrNMOWOOR

Interval]

1. 00538
. 3996108
. 0576576
1. 433497
. 4290319
29. 32098

. 3221286
. 0973684
. 0527935
. 0272857
. 1362845
-.0387214
. 0005986
. 1805748
. 1794405
6. 566869

Log likelihood = -199. 8342
| Coef Std. Err
I nl nduse2009
t ot al hhmem-r | . 4361334 . 2904375
edul evel | . 1487238 . 1280059
duringwi th~y | .0230931 . 0176353
physical | -1.271344 1.380046
di saster_e~e | . 085866 . 1750879
_cons | 9. 138779 10. 29723
sel ect |
accesstosu~s | . 1097615 . 1083526
tot al hhnem-r | . 0066816 . 0462696
edul evel | . 0003014 . 0267822
duringwi th~y | . 0167242 . 0053886
denographic | -.0287427 . 0841991
social | -.1579714 .0608429
economic | -.0891829 . 0458078
physical | -.1074994 .1469793
di saster_e~e | . 0491415 . 0664803
_cons | 2. 424545 2.11347
/[athrho | -1.792569 65. 95507
rho | -.9460311 6.926947
LR test of indep. egns. (rho = 0)

wal d chi 2(5) =
Prob > chi2 =
P>| z| [ 95% Conf .
0.133 -.1331136
0. 245 -.1021631
0.190 -.0114713
0. 357 -3.976185
0. 624 -. 2572999
0. 375 -11. 04342
0.311 -. 1026057
0. 885 -. 0840052
0.991 -. 0521906
0. 002 . 0061627
0.733 -. 1937699
0. 009 -.2772213
0. 052 -. 1789645
0. 465 -.3955737
0. 460 -. 0811574
0.251 -1.71778
0.978 -131. 0621
-1
0. 07 Prob > chi2

regress | nl nduse2009 total hhmenber edul eve

bet

8 33. 550359
330 2.10235101

338 2.84668256

duri

ngw t hconty denographi ¢ soci a

econoni ¢

o nmn
mrooo
o
S -
o
o

physi cal disaster_exposure
> a
Source | SS
Model | 268.402872
Resi dual | 693.775834
Total | 962.178706
I nl nduse2009 | Coef
total hhmem-r | . 0348126
edul evel | . 1512468
duringw t h~y | . 0179585
denographic | -.1499288
social | -.2405863
econom c | -.3153307
physical | -.3390004
di saster_e~e | . 2033898
_cons | 8. 375566

. 0463864
. 0308238
. 0059239
. 0856971

. 065379
. 0444079
. 1573583
. 0748729
2. 069696

PN NWOR®RO

Nurber of obs
F( 8, 330)
Prob > F
R- squar ed
Adj R-squared
Root MSE

P>| t

0. 453

0. 000

0. 003

0.081

0. 000

0. 000

0. 032

0. 007

0. 000

. 0375936
. 2857759
. 1462854
-.1892319
-. 4205176
-. 6323797
-.3171287
. 3393168
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4. STATA results for Model- IV

heckprob | nl nduse2009 t ot al hhnenber edul evel duringw thconty Invul, select(total hhnenber
edul evel duringwi thconty Invu
> disaster_exposure physical econonic)nol og

Probit npdel with sanple selection Nunber of obs = 420
Censored obs = 81
Uncensored obs = 339
Wal d chi 2(4) = 5. 45
Log likelihood = -205.1947 Prob > chi 2 = 0. 2444
| Coef . Std. Err. z P>| z| [95% Conf. Interval]
_____________ e e e e e e e e e e e e e mm e mmmmmmmmmemmm e mme e e e e e m e —— =
I nl nduse2009
t ot al hhmem-r | . 4036895 . 2498939 1.62 0.106 -. 0860936 . 8934726
edul evel | . 11488 . 1326608 0.87 0.387 -. 1451304 . 3748903
duringw th~y | . 0231359 . 0173128 1.34 0.181 -. 0107966 . 0570685
I nvul | -.0642915 2.198003 -0.03 0.977 -4.372299 4.243716
_cons | . 0307324  8.502271 0.00 0.997 -16. 63341 16. 69488
_____________ S
sel ect |
total hhmem-r | -.0071596 . 0448552 -0.16 0.873 -. 0950743 . 080755
edul evel | -.0137484 . 0260713 -0.53 0.598 -.0648473 . 0373505
duringw th~y | . 0161438 . 0053057 3.04 0.002 . 0057448 . 0265427
I nvul | -5.024287 1.876301 -2.68 0.007 -8.701769  -1.346806
di saster_e~e | . 2119208 . 0887753 2.39 0.017 . 0379244 . 3859171
physical | -.0302237 . 0710878 -0.43 0.671 -. 1695533 . 1091059
economi ¢ | . 0424387 . 0406206 1.04 0.296 -. 0371762 . 1220537
_cons | 17. 0464  6.465695 2.64 0.008 4.373866 29.71893
_____________ e e e e e e e e e e e e e mm e mmmmmmmmmemmm e mme e e e e e m e —— =
/fathrho | -1.677782  38.53334 -0.04 0.965 -77.20175 73. 84618
_____________ S
rho | -.9325731 5.021178 -1 1
LR test of indep. eqgns. (rho = 0): chi2(1) = 0. 06 Prob > chi2 = 0.8093
regress | nl nduse2009 total hhmrenber edul evel duringwi thconmty Invul, beta
Sour ce | SS df %S Nunber of obs = 339
------------- o F( 4, 334) = 18.60
Mbdel | 175. 321429 4 43.8303572 Prob > F = 0.0000
Residual | 786.857277 334 2.35586011 R- squar ed = 0.1822
------------- e Adj R-squared = 0.1724
Total | 962.178706 338 2.84668256 Root MSE = 1.5349
I nl nduse2009 | Coef Std. Err t P>|t| Bet a
_____________ e e e e e e e e e e e e e e mm e mmmmmmmmmmmmmmmme e e e mm e m e mmm—— - =
t ot al hhmrem-r | . 0338232 . 0488095 0.69 0.489 . 0365251
edul evel | . 1456066 . 0271656 5.36 0.000 . 2751189
duringw th~y | . 0168861 . 0062677 2.69 0.007 . 1375498
I nvul | -2.864805 . 483134 -5.93 0.000 -. 2945674
cons | 12. 15352 1. 820496 6.68 0.000
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5. Magnitude of effects of physical vulnerability

A. For model |
Constant HHsize  Edulevel Durlng‘W|th Demographlc Somalﬂ Economlp Physwg! Disaster- Total
com'ty vulnerability vulnerability vulnerability vulnerability  exposure
Mean 8.163 4.889 4.526 39.029 8.490 6.945 10.578 7.176 8.520
SD 0 1.811 3.210 14.543 2.115 3.009 3.252 1.626 2.753
Regression 8163  -0.036 0.064 0.005 -0.162 -0.106 -0.060 -0.254 0.112
coefficient
Expenditure1 66.635 -0.175 0.288 0.188 -1.378 -0.737 -0.632 -1.823 0952  63.320
Expenditure2 66.635 -0.175 0.288 0.188 -1.378 -0.737 -0.632 -2.236 0952 62905
% change -0.652
B. For model lll
Constant HHsize  Edulevel Durlngleth Demograp_hlc Somal__ Economlp Phy5|c_a! Disaster- Total
com'ty vulnerability vulnerability vulnerability vulnerability  exposure
Mean 8.376 4.889 4.526 39.029 8.490 6.945 10.578 7176 8.520
SD 0 1.811 3.210 14.543 2.115 3.009 3.252 1.626 2.753
Regression 8376  0.035 0.151 0018 -0.150 -0.241 -0.315 -0.339 0.203
coefficient
Land1 70.150 0.170 0.684 0.701 -1.273 -1.671 -3.336 -2.433 1733  64.727
Land2 70.150 0.170 0.684 0.701 -1.273 -1.671 -3.336 -2.984 1733  64.176
% change -0.852
C. For model Il
Constant HH size Edu level Duringywith Total_ . Total
com'ty vulnerability
Mean 5.951 4.889 4.526 39.029 3.718
SD 0.000 1.811 3.210 14.543 0.164
Regression 5.951 -0.032 0.086 0.005 -0.413
coefficient
Expenditure_1 35418 -0.155 0.391 0.196 -1.537 34.31
Expenditure_2 35418 -0.155 0.391 0.196 -1.605 34.25
% change -0.20
D. For model IV
Constant HH size Edu level During‘with Total_ . Total
com'ty vulnerability
Mean 12.154 4.889 4.526 39.029 3.718
SD 0.000 1.811 3.210 14.543 0.164
Regression
coefficient 12.154 0.034 0.146 0.017 -2.865
Land_1 147.708 0.165 0.659 0.659 -10.652 138539
Land_2 147.708 0.165 0.659 0.659 1123 138.069
% change -0.340
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6. STATA results for new vulnerability index (applied alternative method to get scores)

regress | nbcn total hhnmenber edul eve

Sour ce

Model |
Resi dual

duringw thconty | nvul _nw, beta

t ot al hhmem-r

edul evel

duringw t h~y
I nvul _nw |
_cons |

SS df %S
32.4807433 4 8.12018582
134. 700749 415 .324580119
167. 181493 419 .399001176

Coef Std. Err t
-. 0315993 . 0167067 -1.89
. 0863453 . 0089961 9. 60
. 0050107 . 0019944 2.51
-.412819 . 1705564 -2.42
5. 949489 . 6392558 9.31

Nunber of obs = 420

F( 4, 415) = 25.02

Prob > F = 0.0000

R- squar ed = 0.1943

Adj R-squared = 0.1865

Root MSE = .56972
P> t| Bet a
0. 059 -. 0894929
0. 000 . 4388321
0.012 . 1153635
0.016 -. 1074249
0. 000

heckprob | nl nduse2009 t ot al hhmenber edul eve
duringw thconty | nvul _nw di sast er_exposure physica

Probit node

with sanple selection

duringw thconty I nvul _nw, select(total hhmenber edul eve

econoni ¢) nol og

Log likelihood = -205.1947
| Coef Std. Err z
_____________ U
I nl nduse2009
t ot al hhmem-r | . 4036895 . 2498939 1.62
edul evel | . 11488 . 1326608 0.87
duringw th~y | . 0231359 . 0173128 1.34
I nvul _nw | -.0642915 2.198003 -0.03
_cons | . 0307324  8.502271 0. 00
_____________ e e e e e e e e e e mm e m e m .-
sel ect |
total hhmem-r | -.0071596 . 0448552 -0.16
edul evel | -.0137484 . 0260713 -0.53
duringw th~y | . 0161438 . 0053057 3.04
I nvul _nw | -5.024287 1.876301 -2.68
di saster_e~e | . 2119208 . 0887753 2.39
physical | -.0302237 . 0710878 -0.43
econom ¢ | . 0424387 . 0406206 1.04
_cons | 17.0464  6.465695 2.64
_____________ U
/athrho | -1.677782  38.53334 -0.04
_____________ e e e e e e e e e e mm e m e m .-
rho | -.9325731 5.021178
LR test of indep. eqgns. (rho = 0): chi 2(1)

Sour ce

Model |
Resi dual

t ot al hhmem-r

edul evel

duringw t h~y
I nvul _nw |
_cons |

regress | nl nduse2009 total hhnenber edul eve
SS df MS

175. 321429 4 43.8303572
786. 857277 334 2.35586011
962.178706 338 2.84668256
Coef Std. Err t
. 0338232 . 0488095 0.69
. 1456066 . 0271656 5.36
. 0168861 . 0062677 2.69
-2.864805 . 483134 -5.93
12. 15352 1. 820496 6. 68

Nunber of obs = 420
Censored obs = 81
Uncensor ed obs = 339
wal d chi 2(4) = 5.45
Prob > chi 2 = 0. 2444
P>| z| [95% Conf. Interval]
0. 106 -. 0860936 . 8934726
0. 387 -.1451304 . 3748903
0.181 -. 0107966 . 0570685
0.977 -4,372299 4. 243716
0. 997 -16. 63341 16. 69488
0. 873 -. 0950743 . 080755
0.598 -.0648473 . 0373505
0. 002 . 0057448 . 0265427
0. 007 -8.701769 -1. 346806
0.017 . 0379244 . 3859171
0.671 -. 1695533 . 1091059
0. 296 -. 0371762 . 1220537
0. 008 4. 373866 29.71893
0. 965 -77.20175 73.84618
-1 1
0. 06 Prob > chi2 = 0.8093
duringw thconty | nvul _nw, beta
Nunber of obs = 339
F( 4, 334) = 18. 60
Prob > F = 0.0000
R- squar ed = 0.1822
Adj R-squared = 0.1724
Root MSBE = 1.5349
P> t| Bet a
0. 489 . 0365251
0. 000 . 2751189
0. 007 . 1375498
0. 000 -.2945674
0. 000
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Appendix lll: Correlation Matrix

Duration

Education with Actess to Cooperative Indemo Insoc Inecon Inph | Inb Invul Lnlanduse
. sundarbans member 9 pnys nexposure nocn v 2009
community
Education 1.000
Duration vyith 0.023 1,000
community
Access to 0274 0.068 1.000
sundarbans
Cooperative 0113 -0.019 0.192* 1.000
member
Indemog -0.177* -0.035 -0.122* 0.045 1.000
Insoc -.0.359* 0.000 0.257* 0.122* 0.106* 1.000
Inecon 0.223* -0.012 -0.380* -0.296* 0.376* -0.346* 1.000
Inphys 0.259* -0.027 -0.140* -0.019 -0.450* -0.632* -0.042 1.000
Inexposure 0.215* -0.041 -0.436* -0.173* 0.492* -0.281* 0.751* 0.263* 1.000
Inbcn 0.408* 0.105* 0.104* 0.026 -0.185* -0.224* 0.013 0.164* 0.033 1.000
Invul 0.12* -0.036 -0.385* -0.206* 0.621* -0.059 0.866* -0.089 0.916* -0.068 1.000
'“'ggggse 0.264* 0.163* -0.079 0.13* -0.158* 0.118* -0.308* 0.205* -0.147* 0.237* -0.279* 1.000

* Significant at 5% level
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regress | nbcn edul evel

Sour ce

Model
Resi dual

37.570218
129. 61127

duringwi t hcomy accesstosundarbans ngonenber

| nvul ,

420
24. 00
0. 0000
0. 2247
0. 2154
. 55953

edul evel
duringw t h~y
accesst osu~s
ngonenber

I nvul

_cons

. 0925593
. 0034496
. 1688879
. 0448029
-. 1093854

. 4704134
. 0794212
. 2093963
. 0352539
. 0284583

df (%S Nurmber of obs
------------------- F( 5, 414)
3 5 7.51404367 Prob > F
4 414 . 313070711 R- squar ed
------------------- Adj R-squared
3 419 .399001176 Root MSE
Std. Err t P>t
. 0088786 10. 42 0. 000
. 0018868 1.83 0. 068
. 0393904 4.29 0. 000
. 0567823 0.79 0.431
. 1821599 -0.60 0. 549
. 7652527 5.15 0. 000

3. 944429

bet a
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