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Abstract The purpose of this research is to explore indigenous coping strategies and

identify underlying demographic, socio-economic and other relevant variables that influ-

ence the adoption of coping strategies in three distinct cyclone-prone coastal villages of

Bangladesh. The study finds that cyclones and induced surges are a recurrent phenomenon

in coastal Bangladesh; hence people are used to adjusting their lifestyle and adopting their

own coping strategies intelligently. Adoption of a particular set of coping strategies

depends not only on the magnitude, intensity and potential impacts of the cyclone and

induced surge, but also age, gender, social class, dissemination of early warning infor-

mation, locational exposure, external assistance, social protection and informal risk sharing

mechanisms within the community. Indigenous cyclone disaster prevention and mitigation

strategies significantly minimize the vulnerability of the people. Under extreme situations,

when such disasters surpass the shock-bearing capacity of the victims, informal risk

sharing mechanisms through social bonding and social safety-nets become vital for short-

term survival and long-term livelihood security. Therefore, proper monitoring and

understanding of local indigenous coping strategies are essential in order to target the most

vulnerable groups exposed to disasters. Additionally, proper dissemination of early

warning and government and non-government partnerships for relief and rehabilitation

activities should be prioritized to ensure pro-poor disaster management activities. The

study also recommends effective monitoring of the impact of aid to ensure corrective

measures to avoid the development of relief dependency by disaster victims.
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1 Introduction

Different natural disasters, including the results of extreme climatic events in terms of

intensity and frequency of cyclones, floods and droughts, have increased globally in recent

years (IPCC 2001a, b; Khan and Rahman 2007). A further increase of global temperature

might lead to an increasing trend of tropical cyclones with significant damages in the

twenty-first century (Emanuel 2005). Cyclones and induced surges are considered the

world’s foremost natural hazard that even surpasses the earthquake (Murty and El-Sabh

1992; Finkl 1994; Dube et al. 1997; Zerger et al. 2002; Benavente et al. 2006). Unfortu-

nately, the Bangladesh coast is well-known for severe cyclones and induced surges

(Blaikie et al. 1994; Ali 1999; Paul 2009a). At least one major tropical cyclone strikes the

Bangladesh coast each year (Mooley 1980; Haque 1997) with powerful tidal surges that

impact hundreds of thousands of lives and make it more unsafe than many other regions of

the world (Murty and Neralla 1992). Moreover, the basic prerequisite physical and

meteorological conditions necessary for the generation of tropical cyclones exist in the Bay

of Bengal (Murty and El-Sabh 1992; Haque 1997). The Bay of Bengal is considered an

ideal ground for cyclonogenesis with 6–10% of world’s tropical cyclones forming here

(Gray 1985; Paul 2009a). For instance, from 1891 to 1985, a total 174 powerful cyclones

occurred (Haider et al. 1991) and during 1969–1990 an average of thirteen depressions

were formed annually. Of these, about five developed into cyclones (Raghavendra 1973;

Paul 2009a).

Existing literature shows that several disastrous cyclones hit Bangladesh in 1822, 1876,

1961, 1965, 1970, 1991 and 2007 (Blaikie et al. 1994; Dube et al. 1997; GOB 2008).

During the cyclones of 1970, 1991 and 2007 about 500,000, 138,000 and 3,406 people

were killed respectively (Ali 1980; Haider et al. 1991; GOB 2008; Paul 2009a). In fact,

more than 50% of total deaths of the world due to cyclones and induced surges occurred in

Bangladesh (Ali 1999; GOB 2008). The geographic location, unusual characteristics of

tropical monsoon climate, a shallow continental shelf with the confluence of three mighty

river systems and funnel shaped estuary exacerbate cyclone and surge impacts in Ban-

gladesh (Haque 1995; As-Salek 1998; Madsen and Jakobsen 2004; Paul and Rahman 2006;

Paul 2009a).

The total population living in 19 coastal districts of Bangladesh is about 36.8 million.

Of this population, 54% are functionally landless1 and over 30% are absolutely landless

(PDO-ICZMP 2004a). The total population of the coastal area is expected to increase

from 36.8 million in 2001 to 41.8 million in 2015, and 57.9 million by 2050. The current

average size of agricultural land per capita is 0.138 acre, but this will be reduced to

0.0617 acre by 2050 (PDO-ICZMP 2004b). Population density in coastal area has

increased about fourfold during the last century. This has forced thousands of people to

reside in low lying areas that are highly susceptible to various natural calamities

(Suliman 1991; Shalaby and Tateishi 2007; Islam 2008). The Bangladesh coast is

increasingly prone to the problems of salinity, arsenic contamination and pollution of

water, etc. (MoWR 2005). The livelihood of the coastal population is primarily depen-

dent on natural resources, agriculture, fishery, forestry, near shore transportation and salt

farming etc. (Mian 2005). Under the current situation of unfavorable man-land ratio

and fragile resource base, livelihoods and lives of coastal people become vulnerable

following any hazardous event.

1 Functionally landless means having less than 0.49 acre of land (FAO 2004).

478 Nat Hazards (2011) 57:477–499

123



Despite poverty and their proneness to multiple natural hazards (cyclone, storm surge

and flooding, etc.), coastal people make relentless efforts to cope with severe impacts

through age-old indigenous knowledge and practices. Such indigenous knowledge systems

and experiences are never formalized, either by the government or non-government

organizations, in line with supporting livelihood activities. Even coastal communities are

not fully aware of their strengths and capabilities to combat disasters. In the present study,

vulnerability to hazards is considered as the susceptibility of individuals to the negative

impacts of cyclones and induced surges; and their ability to cope and recover from such

events (for comprehensive review see Burton et al. 1993; Cannon 1994; Moser 1998;

Dercon 2001, 2002, 2005; Cannon et al. 2003; Pelling 2003).

Earlier studies dealing with household coping are narrowly focused on famine and

food security (Watts 1983; Richards 1986; Rahmato 1987; Corbet 1988; Rocheleau et al.

1995; de Waal 2004; Smucker and Wisner 2008). Little attention has been paid to coping

with other types of natural disasters (Adams et al. 1998). In Bangladesh, human response

to disaster has mostly placed emphasis on riverine hazards; such as how different groups

of people and communities respond to flooding (Schmuck 1996; Rasid 2000; Delap

2000; Del Ninno and Dorosh 2003; Rasid and Haider 2003; Few 2003; Brouwer et al.

2007); indigenous adjustment strategies to flooding (Islam 1980; Rasid and Paul 1987;

Rasid 1993; Haque and Zaman 1989, 1993, 1994; Rasid and Mallik 1995; Khandker

2007; Paul and Routray 2010); adjustment strategies to agricultural cropping patterns

(Islam 1980; Paul 1984; Rasid and Mallik 1995) and; coping with riverbank erosion

(Haque and Zaman 1989; Mamun 1996; Hutton and Haque 2004). A few studies have

also been conducted on agricultural and non-agricultural adjustment and mitigation

measures to droughts (Brammer 1987; Paul 1992, 1998; Rahman 1995). In addition to

coping with riverine hazards, literature on cyclones and induced storm surges is also

available for Bangladesh. Some have focused on numerical modeling and forecasting of

cyclones and storm surges (Dube et al. 1986; Madsen and Jakobsen 2004; Azam et al.

2004; Dube et al. 2004; Jakobsen and Azam 2006; Islam and Peterson 2008); adaptation

measures for climate change induced sea level rise, cyclones, flash floods and storm

surges (Ali 1999; Choudhury et al. 2004; Karim and Mimura 2008); causes of cyclones

and storm surges, impacts and mitigation measures (Islam 1971, 1974, 1992; Murty and

Neralla 1992; Murty and El-Sabh 1992; Khalil 1992, 1993; Matsuda 1993; Chowdhury

et al. 1993; Paul 2009b); community response to multiple coastal hazards (Parvin et al.

2008). Recently, Paul (2009a) has identified the causes of reduced deaths and injuries in

recent cyclones in Bangladesh. A few studies have also focused on cyclone warning,

dissemination of forecast information and adaptation responses (Haque 1995, 1997);

cyclone disaster reduction, preparedness and management issues (Schmuck 2003; Paul

and Rahman 2006; Khan 2008); and the gender dimensions of climatic hazards (Cannon

2002).

A review of existing literature finds that, although a number of studies have been carried

out in Bangladesh looking at different issues of coastal flooding, cyclone and storm surge,

the systematic documentation of indigenous knowledge and practices and the identification

of how different underlying factors influence coping behavior is still lacking. Therefore,

the present study intends to explore different pre-disaster, during disaster and post-disaster

coping measures, and their effectiveness to mitigate the impacts of cyclones and induced

surges on coastal Bangladesh. An attempt has also been made to explain how different

variables such as age, gender, income, education, occupation, and other exogenous factors

influence the adoption of coping measures.
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2 Study area and methodology

Purposive selection of the study areas is based on various earlier studies which indicated

that all locations were severely affected by a number of natural calamities such as

cyclones, storm surges, salinity intrusion and tidal flooding (Ortiz 1994; Huq et al. 1996;

Ali and Chowdhury 1997; Ali Khan et al. 2000; World Bank 2000; Singh et al. 2001). The

study has been conducted in Angulkata Village of Amtoli Thana; Tatulbaria Village of

Taltoti Thana in Bargona District; and Charkashem Village of Rangabali Thana in Patu-

akhali District in the central coast of Bangladesh (Fig. 1). Charkashem is an offshore

island, whereas Tatulbaria is located on the shoreline of the Bay of Bengal and Angulkata

is approximately 30 km inland and located on the bank of the river Paira. Angulkata and

Tatulbaria villages are surrounded by polder. The southern part of Charkashem Village is

covered by planted mangroves.

The research is based on both secondary and primary data collected through key

informant interviews, focus group discussions and a household questionnaire survey. Both

descriptive and inferential statistics are used to analyze the data. By assuming a 95%

confidence interval, the total sample size for the household questionnaire survey was 331

out of 788 households. Samples were drawn proportionately from three villages. Out of the

total respondents approximately 90% are males and 10% are females. The average age of

the respondents is 46 years and their average duration of stay in the same village is about

31 years. Majority of the respondents have migrated from different inland locations. About

86 and 64% of the migrants are in Charkashem and Tatulbaria villages respectively.

Respondents’ spatial mobility in terms of permanent migration to disaster-prone, vulner-

able locations is very common in coastal Bangladesh. More than 64% of the respondents

are illiterate followed by educational attainment of grade five (31%) and grade ten and

higher (5%). The most dominant primary occupation of respondents is fishing (34%),
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followed by agriculture (29%) and daily wage laborer (15%). Other common occupations

are small trade, business, service and various on-farm and off-farm activities. Dependency

on agriculture is higher in Angulkata than in both Tatulbaria and Charkashem Villages.

Average ownership of agricultural land is 0.35 acres. More than half (52.3%) of the

respondents do not own any farmland. The average annual household income is 72,483

Taka (US$ 1,049; 1 $ = 69.1 BDT in February 2009).

In the first section of this study, various indigenous coping strategies in response to

cyclone and induced surge have been identified and discussed. In the second section, the

chi-square test is applied to various demographic and socio-economic variables such as

age, gender, education, land ownership, income and occupation against different coping

measures. It is assumed that such demographic and socio-economic variables2 have sig-

nificant influence on the adoption of coping strategies against cyclones and induced surges.

3 Impacts and dynamics of cyclones and induced surges in the study villages

The present study reveals that during the super cyclone Sidr in November 2007, Char-

kashem and Tatulbaria Villages were severely affected but Angulkata was moderately

affected. Similarly, the cyclone induced surge height was more than 3 m in Charkashem

and Tatulbaria; and about 1.5 m in Angulkata. All tube wells were submerged under saline

water. Consequently, drinking and domestic water was highly polluted in Charkashem and

Tatulbaria villages. The decomposition of animal corpses in stagnant water caused a

pungent odor and water borne diseases were widely spread in both locations. Surge waters

from the river had entered into Angulkata with less height and for a shorter duration; hence

Angulkata was comparatively safer. Exposure to cyclones is highest in Charkashem fol-

lowed by Tatulbaria and Angulkata as evidenced from previous cyclone impacts. Other

attributes to depict the dynamics of cyclone and induced surge impacts are presented in the

Table 1.

4 Indigenous coping strategies for cyclone and induced surge mitigation

Coping response reveals an individual’s perceptions and efforts to manage resources for

mitigating the adverse consequences of hazards (Haque 1997; Wisner et al. 2004). It

usually begins when the household is required to mobilize its assets to respond to a crisis;

such as consumption of savings, asset disbursement, borrowing from kin and patrons etc.

(Adams et al. 1998). Coping strategies may be successful if a household is able to allocate

resources to overcome a crisis without compromising the long term objective of livelihood

security. In contrast, coping may fail when all efforts to overcome a crisis are abortive,

such as selling of productive assets and labor, consumption smoothing and collection of

wild foods; and in worst case result in destitution (Devereux 1992). This study shows that

people in three villages have developed their own coping strategies which are distinct in

character as compared to other regions of the country. Based on a specific situation, the

adoption of a particular set of strategies depends on people’s cultural and socio-economic

background, physical location, the characteristics of the cyclone and induced surge and the

level of the individual’s vulnerability and ability to absorb shock. Moreover, people do not

2 Such variables are used in previous studies of Khandker (2007), Mozumder et al. (2008), Smucker and
Wisner (2008), Ray-Bennett (2009), and Paul and Routray (2010).
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adopt coping strategies arbitrarily, but rather follow a sequence of coping measures (Corbet

1988). This study has considered the sequence of coping measures well in advance of the

hazard event, immediately before the hazard event, and post event. The following section

provides a brief description of coping strategies adopted by different households in

response to cyclones and induced surges in the study villages.

4.1 Coping strategies well in advance of the cyclone and induced surge event

In this stage people commonly adopt some impact minimizing strategies and preparedness

measures based on their past experiences of cyclone and surge events. Impact minimizing

strategies refer to activities that minimize loss and facilitate recovery. The present study

finds that unique design and construction method of houses, building Machan and Pataton,

and other measures to save household items, foods and goods are some common strategies

that households adopt to minimize impact of the disaster. In this regard, an initial attempt

to protect shelter starts with erecting the dwelling unit or courtyard on a raised earth

platform (Fig. 2a, c) to protect it from normal tides, and avoiding the use of housing

materials susceptible to surge water. This includes a preference for corrugated iron sheets,

bamboo, thatch and wood etc. One quarter of the total respondents prefer semi-flat roofed

houses with separable tin sheets, while in Charkashem the preferred housing is small

thatched roof houses (54.2%; Fig. 2d), as these can be prepared from rice straw and

materials collected from nearby forests. The frame, made from hard bamboo, is prepared in

such a way that it can be dismantled during the surge and used as a raft. Additionally,

temple-shaped houses (Fig. 2a) are found mostly in Angulkata and Tatulbaria villages.

This has more than one roof with less space in the upper floor and is usually square in

shape. This is where people keep their valuables and take shelter as well during cyclones.

Plantations of coconut, betel nut and banana trees around the house are also very common.

This is done so densely that it provides protection for the houses, contributes towards a

regular income and provides privacy, especially for women who follow ‘purdah’ system

(Islam 1981). In low surge locations, such as Angulkata, people support four sides of the

house with guy ropes tied to bamboo poles or trees (Fig. 2a) with the hope that such extra

support will prevent houses from blowing or washing away during a cyclone and surge

(Parvin et al. 2008). Gentle sloping of the house roof towards the south-east is also

common (Fig. 2b) as strong winds from that direction usually occur with cyclones. This

construction technique helps the wind to flow over the house and thus the house has to

withstand less severe wind forces. This study is consistent with Vasta (2004) that housing

structure has a significant influence on the household’s survival rate against disaster.

People prepare a Machan3 inside the house (12.4%) to save household utensils, furni-

ture, foods, goods, seeds and other assets in all study villages. A significant number of

respondents in Angulkata (16.2%) and Tatulbaria (12.4%) prepare a Pataton4 in their

house, while none of the respondents have followed the same design and structure in

Charkashem, as most of the houses are small with thatched roof. Moreover, when it is

realized that it is no longer safe to stay inside the house, people usually pack useful

3 Machan is an indigenous structure made of bamboo or wood. It is a platform prepared for sleeping, tied
with bamboo or wooden pillars. People live and keep all the belongings on it during storm surge.
4 In coastal areas people prepare houses in such a way that they can use the upper part of a house as a shelter
to save their lives and belongings and is called Pataton.
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materials in wooden boxes (11.3%), tin pots (3.1%), dola/gola5 (3.8%), motka6 (9%) or in

jute bags and place these on to the Machan or Pataton or hang them in a shika.7 Alter-

natively they will place their useful materials in a net or jute bag and throw these into a

shallow pond or tie them to strong trees with cloth or rope in the hope of retrieving these

after the disaster. In the case of the study villages, people prefer to use the motka (11.4%),

polythene bags (8.2%), plastic containers (8.5%), and aluminum pots (5.6%) to store food

and seeds, and keep these on a Machan or hanging from the roof by a shika. In contrast,

most valuable items, such as jewelry, are wrapped in cloth and kept inside a cooking-hole

in the kitchen or by digging a safety-hole8 in the floor to protect them from inundation and

being washed away by the surge water. About 7, 6 and 4% of respondents in Angulkata,

Tatulbaria and Charkashem villages respectively use safety-holes for preserving food and

seeds. In addition, as wooden boxes float on water, people place belongings in them

and retrieve them afterwards if they have been washed away to other places. As cyclones

and induced surges severely threaten a household’s food availability during and after the

event, people usually save precautionary food and money (56 and 48% household

respectively) to overcome the crisis. Though significant differences exist among the

Tie up the house 
to trees

A B

DC

Fig. 2 a Temple shape house. b Gently sloping of the roof of the house. c Elevated house on wooden
structure. d Thatch roofed house

5 Dola or Gola are giant basket made of bamboo and polished with soil and cow dung, where people keep
their household items, seeds etc.
6 Motka is an indigenous earthen pot to store food, seeds etc.
7 Shika is prepared by jute or hugla plants, by which people hang their valuables from the roof.
8 A safety-hole needs to be dug about 2–3 feet into the floor of the house or in an open place to keep food,
goods, jewelry or other valuables. People usually wrap the items in polythene-bags and cloths, and put a soil
layer over it. They can retrieve these when the disaster is over.

484 Nat Hazards (2011) 57:477–499

123



villages in terms of food savings (v2 = 7.876, p = 0.019); scarcity of food was higher in

Charkashem followed by Tatulbaria and Angulkata due to the poor economic situation of

the inhabitants. Most preferred saved food items were rice, flattened rice, fried rice, chili,

onion, gur,9 potato, pulses, oil, biscuits, dry fish etc. Nonetheless, majority of the

respondents mentioned that such strategies are effective (48.9%) followed by moderately

effective (29%), sometimes effective (10.3%), highly effective (8.2%) and rarely effective

(3.6%) to minimize the disaster impacts on the Five Point Likert Scale.

Along with impact minimizing strategies, pre-cyclone preparedness measures at indi-

vidual or small group level involves measures such as avoiding the disaster event, the

dangerous period, exposed locations for housing and other relevant efforts that might help

to avoid disaster (Wisner et al. 2004). This study has revealed that more than 80% of total

households do not have radio or television. But 30% of total respondents rarely, 25%

sometimes, 22% often, 10% very often, and 11% always listen to cyclone forecasting either

from their own or others’ radio and television. However, about half of the respondents do

not understand the forecast, and few understand superficially or get some signals. Simi-

larly, 85% of the fishermen do not have radios in their fishing boats; and rarely listen (81%)

to weather forecasts. Apart from the country’s existing weather forecasting mechanism,

people can predict impending cyclone by indigenous means (34% of households).

Examples of such indigenous cyclone prediction methods include observations of the

abnormal south-easterly wind circulation along with a dark and cloudy sky (31%); the

tendency of ants to climb walls carrying grain and moving purposefully towards higher

ground or the roofs of houses (23%); sea birds coming inland in groups (20%); abnormal

increase of water temperature in the sea and rivers (15%); and flies attaching themselves to

cattle for protection against the surge water and wind (8%). Majority of the respondents

mentioned that they have learned these methods through experience (64%), or from elderly

people and neighbors. Nonetheless, more than one quarter of the respondents can make

predictions and perceive these indigenous predictions as effective. This is measured by a

Five Point Likert Scale for this study. Despite indigenous cyclone prediction techniques,

more than half of the total fishermen do not avoid the cyclone period and exposed fishing

locations. The main reasons are to increase household earning (30%), non-availability of

alternative employment (29%), pressure from the arotdar10 and employers (27%), and loan

commitments (14%).

4.2 Coping strategies immediately before the cyclone and induced surge event

In disaster-prone localities, coping measures immediately before the hazard event start

with the saving of human lives (Rasid and Paul 1987; Thompson and Tod 1998). This

study finds that a majority of the household members (86.4%) do not take shelter in

traditional cyclone shelters, but prefer to stay in the ceilings or on top of the thatched roof

of their own houses (35%), or seek refuge in neighbor’s houses (29.3%). No cyclone

shelters are available in Charkashem and Tatulbaria. Thus, in an emergency people (85.7

and 26.6% respectively) climbed up trees and stayed in their house ceilings until the threat

was over. In Angulkata less than 1% of respondents followed such practices. In Char-

kashem, both male and female did the same as they had previous experiences of surges. A

few people made use of plastic containers or banana rafts to save their lives from the fast

9 Gur is a locally made sweet from sugarcane.
10 Arotdar is a moneylender who usually borrows money from local commercial banks and NGOs and
distributes it to the fishermen through a middle man.
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flow of surge water. In the worst cases, those who did not have any alternatives, took

shelter on the embankments, raised roads or other elevated places after the cyclone.

Besides saving their own lives, people also try to save poultry and livestock as these are the

most valuable assets for rural communities. The study reveals that one quarter of total

respondents had initially kept poultry and livestock in open, raised places in their home-

steads. However, when it was found impossible to save them, they would be set free to find

their own shelter. Owners would be able to locate and retrieve them after the disaster. This

practice has limited effectiveness as in most cases they died, and few survived. Respon-

dents in Angulkata (12.2%), Tatulbaria (20.2%) and Charkashem (6.1%) villages men-

tioned that they could not protect their animals in case of a severe cyclone. Moreover, a

majority of the respondents (49%) do not take any protective measures, with the belief that

a cyclone is God’s will and God will save them; it is beyond the control of people.

Likewise, protection of fisheries is almost impossible when a severe cyclone accompanied

by a surge strikes. About 97% of respondents did not take any measures and a few used

mosquito nets and bamboo fences (2.7%), or catch fish before the arrival of the cyclone

(0.6%). Similarly, all the respondents mentioned that they could not protect the field crops,

and preferred to save their own lives.

4.3 Post cyclone and induced surge event coping strategies

Post event coping measures include risk management and risk coping strategies. Risk

management strategies try to reduce the risk to the income process by activities such as

income smoothing—including income diversification, and income skewing by accepting

low risk activities with low return (Dercon 2002). It reveals that after a cyclone more than

80% of respondents depend on alternative income sources apart from their primary

occupation. In this regard, the highest percentage is found in Tatulbaria (93.3%) followed

by Angulkata (77.8%) and Charkashem (76.7%). Majority of respondents were involved in

government or NGO sponsored ‘food for work’ or ‘cash for work’ programs. A few were

also involved in rickshaw-van pulling, fuel wood collection, repairing houses, boats and

nets, and a few instances of begging. Many villagers could not get employment (12.9%)

and relied on savings (4.1%) for food and other emergency purposes. Majority of the

respondents in Tatulbaria (95%) mentioned income diversification strategies were highly

effective; while 78 and 77% in Angulkata and Charkashem respectively described this as

an effective measure to save family members from starvation in the Five Point Likert

Scale.

Additionally, risk coping strategies include self insurance through precautionary sav-

ings, gathering of wild foods, fuel woods, and extra income by temporary migration, etc.

Besides, households can secure themselves by accumulating resources in good years and

depleting them in less productive years (Dercon 2002). The present study finds that while

small precautionary food and money savings were not sufficient to manage a crisis,

households usually undertook a variety of strategies to overcome disaster. These include

measures such as consumption smoothing, relying on inexpensive foods (flattened rice,

fried rice, gur etc.), collection of wild foods, temporary migration, begging, selling of

unproductive and productive assets, and assisting each other within the community, etc. As

food scarcity is a common phenomenon during and after cyclone, more than 90% of total

respondents had reduced the number of meals per day, which was reflected by 97.7% in

Charkashem, 92.2% in Tatulbaria and 88.4% in Angulkata village. Irrespective of village

locations, more than two-thirds of the total respondents had a single meal, one quarter had

two; and very few had three meals per day; while 5.1% of respondents had no meal at all.
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Hence, meal-skipping (39%) is a common coping strategy, as are relying on inexpensive

food items (16%), wild food collection (11%), and dependency on dry relief foods (8%).

Disposal of assets is also a common coping strategy for rural households exposed to

shocks in order to meet consumption requirements or acquire the means to purchase food

(del Ninno et al. 2001; Del Ninno and Dorosh 2003). The study reveals that about 52, 47

and 14% in Angulkata, Tatulbaria and Charkashem villages respectively had sold assets

during the post-disaster period. Main disposable items were big trees, jewelry, household

utensils, paddies, chickens, cattle, fish, tin sheets, fishing and agricultural equipment, and

leasing out or mortgaging of farmland, etc. However, selling of cattle and chickens (44%)

was most common in all three villages. About half of the respondents in Charkashem had

sold chickens, one-third in Tatulbaria had sold fruit trees, and one-third in Angulkata had

sold broken trees. Mortgaging of land was found most common in Angulkata. Along with

the disposal of assets, a common strategy was the selling of labor with advance payment;

53.5, 46.7 and 28.3% in Charkashem, Tatulbaria and Angulkata respectively. Similarly,

few respondents had sold out field crops (2.8%) in advance to the mahajans11 against

borrowing money for emergencies. However, such strategies are common in the lower

income groups who borrow conditional money from mahajan or arotdar against future

crops, fish or labor. Similarly, disabled or women headed households could not find any

alternative income sources and preferred begging (8.5%) for survival.

The study also reveals that borrowing of money is a common coping measure (Del

Ninno and Dorosh 2003) among 80% of total households; while it is more than 90% in

Charkashem. In this regard, NGOs (44.8%) are the highest loan providers followed by

mahajans/arotdars (19.5%), friends/relatives (8.8%) and government banks (4.8%).

Dependency on mahajans/arotdars is higher in Charkashem than Angulkata and Tatulbaria

villages. Most of the respondents borrowed money after a cyclone (79%) to rebuild live-

lihoods, meet food consumption needs and emergencies. It is also observed that people had

borrowed money simultaneously from multiple sources and used one source to repay

another and thus were trapped in the ‘vicious circle of borrowing’. However, migration

after a cyclone is not so common in the study villages. It reveals that about 13% of total

household members migrated and it was higher in Angulkata (16.2%) than Tatulbaria

(10%) and Charkashem (2.1%). Charkashem and Tatulbaria villages are very remote and

many inhabitants settled in these villages from inland areas without having much option to

migrate elsewhere. In contrary, Angulkata is well connected with road networks to the

capital city and other towns. Hence, following any disaster, people usually migrate for

income earning or taking shelter. Majority of the respondents from the three villages had

migrated for less than 30 days to nearby Thana or district headquarters, and a few of them

(2.4%) from Angulkata migrated permanently to the capital or divisional cities for income

earning.

5 Adoption of coping strategies: differentials and explanatory variables

In every disaster-prone locality people have some habitual coping strategies, but the type

of response and effectiveness of such strategies may vary over time and the coping ability

might be overwhelmed by the scale of the disaster itself (Corbet 1988; Guarnizo 1992; Few

2003). Earlier studies on human response to natural hazard and use of socio-economic

variables show two different discourses. In a social stratification approach, some find no

11 Mahajan in general invests money in a variety of businesses for profit making through money lending.

Nat Hazards (2011) 57:477–499 487

123



relationships (Roder 1961; Kates 1962; Islam 1974); while others come across positive

associations (Baker and Patton 1974; Leigh and Sim 1983; Varley 1994; Blaikie et al.

1994). Therefore, disagreement exists on which socio-economic variables should be

considered. The traditional views follow a social stratification approach and use distinct

groupings of relevant variables, while other approaches reject the appropriateness of using

the cultural indicators of social stratification as true indicators of socio-economic associ-

ation (Haque 1997). The latter approach supports the use of social class analysis to explain

variation in human response to hazards (O’ Keefe 1975; Cannon 1977; Watts 1983; Blaikie

et al. 1994; Mozumder et al. 2008; Smucker and Wisner 2008; Ray-Bennett 2009; Paul and

Routray 2010) and thus places emphasis on determining an individual’s entitlement to

ownership of land, machinery, and other socially available resources (Wood 1981; Sen

1980, 1981, 1982). However, the present study follows the socio-cultural approach to

determine the variation in human coping due to the variation in socio-economic factors.

Response to early warning, locational exposure, magnitude of cyclonic events, relief and

rehabilitation, social protection and informal risk-sharing within the community are also

considered.

5.1 Age

Increasing age gradually erodes the physical capabilities of the poor and puts them in an

increasingly disadvantaged situation than the younger cohort (Hutton and Haque 2004).

Vulnerability to disaster usually increases with age (Paton 1996; Kaniasty and Norris

1999). The present study finds that old age increases the likelihood of vulnerability to

disaster; but experience may help them as well. About 62% of aged (60? years) and 32%

of active household heads (30–60 years) have the ability to predict the forthcoming

cyclone by indigenous methods based on their experiences, compared with about 25%

among the younger population (\30 years) (p = 0.000). Likewise, the level of under-

standing of the existing cyclone early warning system is comparatively higher (p = 0.000)

among the aged (62%) and active groups (56.4%) than the younger ones (25.4%). In

contrast, post disaster income diversification is higher among the active and younger

groups than among the aged (p = 0.011); as aged are unlikely to do any labor-intensive

work. Similarly, saving of precautionary food (p = 0.001) and money (p = 0.008) is

higher among the active group, while it is lower among the younger and aged groups.

Similarly, reducing the meals per day is comparatively higher among the aged and younger

groups (p = 0.007). As majority of the active population have precautionary food and

money, they rely less on reducing meals per day, while the aged and younger groups

mostly starved or took one meal a day and consequently experienced higher vulnerability

to the disaster. Similarly, begging by household member’s after the disaster has increased

with the increase of household head’s age (p = 0.000). This confirms that increasing age

erodes their physical capability (Hutton and Haque 2004) and makes them unfit for gov-

ernment and NGO sponsored ‘food for work’ or ‘cash for work’ programs or to work as

wage labor.

The study also reveals that selling of advance labor and disposal of assets is higher in

the active population (22.4%) followed by younger (7.6%) and aged (5.1%). This implies

that the aged has less physical capabilities and assets to sell in order to overcome the crisis

and is more vulnerable to disaster. Likewise, borrowing is higher among the younger group

followed by the active and aged groups. In contrast, while aged household heads cannot

manage the crisis, they send younger members of the family to the nearby urban centers for

income earning. Hence, it is evident in this study (Table 2) that increasing age might lessen
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physical ability of household head to some extent, but increased experience might help

them to better understand the disaster risk and discourage them from adopting passive

coping measures. In general, however, younger and aged household heads are compara-

tively less capable to adapt to disaster shocks and thus become more vulnerable.

5.2 Gender

Earlier studies reveal that the impacts of a disaster is much higher on women than on men;

and women are always considered the worst victims and consequently become the most

vulnerable groups in the society (Agarwal 1990; Begum 1993; Walker 1994; Fordham

1998; Cannon 2002; Hutton and Haque 2004; Ray-Bennett 2009). The present study

reveals that 13.3 and 6.7% of female headed households had saved precautionary food

(p = 0.000) and money (p = 0.000) respectively, while more than two-thirds and half of

the male headed households had the same situation. Also, engaging family members for

begging (23.3%; p = 0.002), selling of labor with advance payment (56.7%; p = 0.009)

and temporary migration (26.7%; p = 0.019) were higher among female headed house-

holds than male headed households (7, 32.9 and 11.6% respectively in the three villages).

Therefore, it is evident in this study (Table 2) that female headed households mostly adopt

passive coping measures that increase their vulnerability to disasters compared to their

male counterparts.

5.3 Education

Education is considered as one of the crucial determinants of coping and adaptation for

both supporting survival and enhancing quality of life (D’Oley et al. 1994). Moreover, it is

important to create awareness regarding disaster forecasting to reduce tangible and

intangible damage of victims (Parker and Tunstall 1991). According to this study, majority

of the household heads having secondary school and college level education (83.3%) are

able to understand weather forecasting, while it gradually decreases among primary school

level (57.4%) and illiterate (46.9%) household heads (p = 0.019). Likewise, saving of

precautionary food (p = 0.019) and money (p = 0.008) is higher among the household

heads with secondary school and higher education and gradually decreases with primary

school education and illiterates. As the educated households have saved precautionary

food, they thus rely less on reducing meals per day (p = 0.000) than less educated

households. It is found that respondents with secondary school and higher levels of edu-

cation had neither sold labor with advance payment (p = 0.003) nor engaged family

members in begging, while such practices are higher among less educated households.

Interestingly, migration has shown a significant relationship with education (p = 0.010).

Higher educated households had sent family members to nearby Thana headquarters to

take temporary shelter, while lower educated households sent for income earning. It is

evident in this study that the higher the education level, the greater is the scope to

understand weather forecasts and the higher is the ability to store precautionary food and

save money (Table 2) which reduces the level of vulnerability to disaster.

5.4 Land ownership

The present study reveals that among different landownership groups (i.e., landless, small,

medium and large farmers), the landless do not have any cultivable land or valuable assets;

hence their major concern is adoption of survival strategies for subsistence. It reveals that
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understanding of cyclone warnings (p = 0.008) is higher among medium and large farmers

(67.7%) and comparatively lower among small farmers (48.7%) and landless households

(40%). Similarly storage of precautionary food (p = 0.004) and money (p = 0.002) saving

is higher among medium and large farmers (67.7 and 52.3% respectively) and compara-

tively lower among small farmers and landless households (56.6, 51.8 and 35, 22.5%

respectively). Reducing meals per day is higher among landless households followed by

small, medium and large farmers (p = 0.003). As landless households have less ability to

store precautionary food and save money, in most cases they encouraged family members

to beg (22.5%; p = 0.002) or sell labor with advance payment (52.5%; p = 0.003). In

contrast to the landless group, selling labor with advance payment accounted for 36.3 and

20% among small, and medium and large farmers respectively. On the contrary, disposal of

assets (p = 0.001) is higher among the medium and large farmers (44.6%) followed by

small farmers (29.6%) and least among the landless (10%). However, this could be linked

with ownership of fewer assets among landless households and small farmers; while

medium and large farmers have more assets and they dispose of less important assets to

overcome the emergency. The present study confirms the earlier findings of Haque (1997)

that land ownership is a vital indicator for social class analysis in Bangladeshi society, and

landlessness accounts for the lowest proportion in each of the adjustment strategy options,

implying an increasing level of their vulnerability (Table 2).

5.5 Household income

Household income is the composite indicator that reflects assets, education and occupation;

hence it is assumed to have influence on an individual’s coping response (Haque 1997). It

reveals that understanding of cyclone warning (p = 0.000) is higher among the upper

income group (75.4%) and comparatively less among middle (49.7%) and lower income

groups (39.6%). The higher income group is more aware about disaster impacts and has

saved more food and money (82.5 and 78.9%) than middle (61.2 and 50.8%) and lower

income groups (29.7 and 24.2%; p = 0.000 and p = 0.000 respectively). Similarly, all

respondents in the lower income category, 93.4% among middle income and 66.7% among

upper income had reduced meals per day (p = 0.000). It is also found that begging

(p = 0.000) or selling labor with advance payment (p = 0.017) is higher within the lower

income group than the middle and upper income groups. Similar observations are made for

the disposal of assets among the various income groups (p = 0.028). This is because the

higher income group can manage hardship without selling their valuables, while the lower

income group has very few assets to sell, but the middle class cannot manage without the

disposal of their productive or unproductive assets. Interestingly, migration is higher

among the lower income category (22%) followed by higher (10.5%) and middle (9.3%;

p = 0.011). Family members from higher and middle income groups usually migrate to

take temporary shelter in nearby Thana, district headquarters and friends/relatives’ houses

while the lower income group mostly migrates for income earning. Therefore, the present

study confirms the findings of Green et al. (1994) that higher income households are

readily able to help themselves and less vulnerable to any disaster than lower or middle

income households (Table 2).

5.6 Primary occupation

Primary occupation of the household head is an important indicator which influences the

adoption of coping strategies. It reveals that the ability of indigenous cyclone prediction
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(p = 0.000) and understanding of weather forecasts (p = 0.018) differ significantly among

different occupational groups. Fishermen have a higher ability to predict forthcoming

cyclones as they closely observe the nature everyday. Whereas, understanding of weather

forecasts is higher among service holders and businessmen; which could be linked with

their higher educational attainment. Following a cyclone, income diversification is higher

among all occupational groups; while it is significantly lower among maidservants

(p = 0.004) as they have less scope to work outside. Similarly, precautionary saving of

food (p = 0.000) and money (p = 0.000) is higher among service holders and business-

men, and farmers while very low among maidservants, daily laborers, and fishermen and

fish fry collectors. Therefore, almost all the maidservants, fish fry collectors and daily

laborers had either reduced their meals per day or starved during and after the cyclone. In

contrast, service holders and businessmen and farmers were comparatively secured for

food (p = 0.003). In addition, begging (p = 0.000) is comparatively higher among

maidservants (29.7%), as this group is the most destitute and unable to buy or store food

and attempts to cope with the crisis by begging. Selling of labor with advance payment

(p = 0.000) is higher among the fishing community (50.9%) followed by maidservants

(45.9%) and daily laborers (35.4). It is very common among the fishing community to

borrow money from arotdars with an agreement of selling their future catch of fish to

them; while others borrow from mahajans with high interest rates. Disposal of assets is

higher among farmers, fishermen, businessmen and service holders than daily labor and

maidservants. Migration of family members (p = 0.027) is higher among maidservants

and daily labors, as most of the active family members within these occupational groups

move outside for income earning (Table 2).

5.7 Response to early warning

Response to cyclone warnings varies among the coastal inhabitants. About two-thirds of

total respondents believe in existing cyclone forecasts. Although they did not have faith in

it before the occurrence of the super cyclone ‘Sidr’, as a tsunami warning had failed just

two months before. As a result more than 85% of total respondents had not moved to

cyclone shelters. In Angulkata and Tatulbaria 19 and 9% of household’s members

respectively took shelter in cyclone shelters, while none in Charkashem village did.

Common reasons, such as disbelief in existing cyclone forecasts, fear of theft, fatalism,

unfavorable weather, poor communication, long distance and inadequacy of shelters, had

discouraged inhabitants from moving to cyclone shelters. Therefore, dissemination of

quality and reliable cyclone forecasting information is indispensable for adopting effective

coping measures to reduce disaster vulnerabilities.

5.8 Locational exposure and magnitude of cyclone

Geographical location is an explanatory factor for adoption of differential coping

responses. The present study reveals that people on offshore islands and adjacent to the

coast are more vulnerable to cyclones and induced surges than inland settlers. High wind

velocity accompanied by surge waters with strong currents and more height during a

cyclone hits the islands and shoreline settlements first causing severe damages. Even

within island or shoreline locations, those who are closest to the sea are more vulnerable to

cyclone and surge impacts. It also reveals that people on the island (Charkashem village),

where about 90% respondents have come from different inland locations in the past, have

less resources and practice more passive strategies and hence remain vulnerable to future
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disasters. In case of the shoreline location (Tatulbaria village), where about 60% of

respondents had migrated from inland and mostly engaged in fishing, are also more vul-

nerable to cyclone and induced surge than the inland village of Angulkata. This is because

a majority of them are migrant population with limited resources and are hence unable to

respond quickly to a cyclone often accompanied by surge waters. In Angulkata, due to its

long distance from the sea, people get time to take preventive measures and comparatively

become less vulnerable to cyclone and induced surge impacts. High velocity cyclones with

surge waters create devastating phenomena. If surge water remains stagnant for an

extended period, it pollutes both surface and drinking water. Spreading of water borne

diseases reduces people’s coping ability and increases the state of vulnerability.

5.9 Relief and rehabilitation

The present study finds that external assistance creates relief dependency among the

cyclone victims in all the study locations. About 99% in Angulkata and 100% respondents

in Tatulbaria and Charkashem village had received relief materials irrespective of their

income level. Mostly, cyclone victims had received relief materials from different gov-

ernment, non-government and donor agencies within a period of 3 months; most frequently

varying from one to five times in the form of cash, rice, pulses, cooking oil, household

utensils and clothes. Relief providers had never provided any support services, money and

material assistance for rebuilding the local economy (agriculture and fishery) or reviving

the livelihoods of individuals. It was also found that many respondents have deliberately

damaged their houses with hopes of receiving more relief materials and new houses. Even

3 years after Sidr, people have strongly expressed their desire to receive further relief and

support services for re-building livelihoods. Therefore, based on the field survey and

assessment, it was observed that it is necessary and more sensible to provide assistance to

produce food that might enhance the coping ability of disaster victims (Devereux 2001).

The traditional form of relief operations (food, blankets etc.) seems less effective in the

study locations; rather it should acknowledge the real needs raised by the victims such as

agricultural inputs, fishing equipment and employment generation etc. Providing food

relief and first aid are immediate needs to rescue the victims after a cyclone. Assistance

should be given in a way that helps them to rebuild their livelihood and regain their pre-

disaster status. Therefore, it is important to provide relief to those who experience greater

losses and those at the bottom of the society who are unlikely to recover without external

help. Moreover, if relief is made available immediately after a cyclone based on the

victim’s priority, it may help to save at least some of their assets and avoid disposal of

productive assets or reaching the final stages of destitution.

5.10 Social protection and informal risk-sharing within the community

Despite the adoption of different strategies to cope with the disasters, vulnerability remains

high in Bangladesh. Therefore, development of social protection is necessary to insure

poor households from the adverse impacts of disasters (Dercon 2002; Skoufias 2003). The

present study reveals that there are limited measures of social protection, such as food for

work (10.6%) and cash for work (30.6%) programs, and scarce provision of agricultural

inputs and fishing accessories that could significantly help the cyclone victims to reduce

their hardship. Informal risk sharing mechanisms among the community members coupled

with a public safety net can reduce vulnerability and cement coping options. The present

study reveals that 87.6% of the households helped each other during cyclones and in
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post-cyclone periods. The most common helping pattern was providing manual labor

(59.5%), food (27.3%), money (8.6%), house reconstruction materials (2.3%), agricultural

and fishing equipment and seeds (2.3%). However, such social protection and informal risk

sharing mechanisms significantly influence the adoption of coping measures at household

level.

6 Conclusion

The study finds that cyclones and induced surges have overwhelming impacts on infra-

structure, environment as well as on people’s livelihoods. These impacts depend not only

on the locational exposure and magnitude of disasters, but are also linked with several

demographic, socio-economic, cultural and other exogenous variables. Hence, the study

finding is consistent with the earlier propositions made by Haque and Zaman (1993),

Haque (1997), Kunii et al. (2002), and Hutton and Haque (2004). The study also finds that,

in response to cyclones and induced surges, people habitually come up with various

indigenous coping strategies following different sequences. Adoption of such strategies

varies over time and space due to the frequency and intensity of the disaster in line with

various socio-economic and cultural factors. It is also observed that indigenous coping

strategies are effective as long as the cyclone and induced surge does not exceed the

tolerable (critical) limit of the community. When such disasters cross the critical limit and

suppress the people’s ability to cope, they usually take shelter in cyclone shelters or other

alternative safer places and adopt several other coping mechanisms, such as consumption

smoothing, borrowing, distress selling and migration, etc.

Adoption of coping strategies reveals that indigenous cyclone prediction or under-

standing of warning is significantly related to the age of the household head due to their

level of experience (Anderson-Berry 2003). On the other hand, owing to the erosion of

physical capability (Hutton and Haque 2004), the elderly are less capable to store pre-

cautionary food and money, and as a consequence reduce meals per day, engage family

members in begging or earning outside, dispose of assets and borrow money to overcome

the crisis. Similarly, female headed and/or less educated household heads have a lower

ability to absorb shocks and mostly adopt aforementioned passive coping measures, which

increase their vulnerability to disaster. However, such findings substantiate the earlier

research of Kates (1962), Islam (1974), Mileti and Fitzpatrick (1993), Drabek (1986),

Faupel et al. (1992), and are inconsistent with the findings of Kates (1971), Burton and

Kates (1964), and Hutton and Haque (2004) that education does not play any significant

role in response to hazard. Similarly, landownership, income and occupational status have

also significant influence on the adoption of coping measures. For example, landless and

lower income groups have a very small and risky portfolio of assets. Service and business

households have a more stable income than daily laborers, fishermen or fry-collectors.

Therefore, they have a higher capacity to procure food and higher ability to capture

forecast information for reducing disaster vulnerability. The study confirms the findings of

Agarwal (1990), Winchester (1992), and Kesavan and Swaminathan (2007) that prevailing

social, gender and economic inequities greatly weaken the coping capacity of the under-

privileged sections of society. In addition to the socio-economic variables, locational

factor, magnitude and intensity of the cyclone, people’s perception of forecasts, informal

risk-sharing within the community and social protection measures play a vital role.

Moreover, this study finds that the most exposed locations, such as island and shoreline

areas with high velocity of cyclonic events, have negative influences on the inhabitants’
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coping ability. People’s perception about the quality and reliability of disaster forecasts

also plays a pivotal role for future preparedness and adoption of coping measures. Timely

distribution of relief and undertaking rehabilitation activities in association with commu-

nity support and response mechanisms can significantly contribute to the quick recovery

from disaster shock.

This study confirms that indigenous coping strategies can significantly minimize the

cyclone vulnerability. Social protection measures along with informal risk-sharing

mechanisms within the community play a vital role for rebuilding the settlements and the

livelihoods of victims. Therefore, careful monitoring and understanding of local coping

behavior, and identification of the rationale behind the adoption of such coping methods,

can substantially support those who are at risk. It is extremely important to promote

disaster management planning with focus on the poor as priority group for relief and

rehabilitation.

Acknowledgments This paper is based on a Doctoral thesis by Shitangsu Kumar Paul, which was
supervised by Jayant K. Routray. We would like to thank the Asian Institute of Technology and the
Norwegian Ministry of Foreign Affairs (NMFA) for their financial assistance. We would also like to express
our gratitude to the anonymous peer reviewers for their valuable comments on earlier versions of this paper
and Mr. Clinton Smith for language correction.

References

Adams AM, Cekan J, Sauerborn R (1998) Towards a conceptual framework of household coping: reflections
from rural West Africa. Africa 68(2):263–283

Agarwal B (1990) Social security and the family: coping with seasonality and calamity in rural India.
J Peasant Stud 17(3):341–412

Ali A (1980) Storm surges in the Bay of Bengal and their numerical modeling. SARC Report No. 125/80.
Atomic Energy Commission, Dhaka

Ali A (1999) Climate change impacts and adaptation assessment in Bangladesh. Clim Res 12:109–116
Ali A, Chowdhury JU (1997) Tropical cyclone risk assessment with special reference to Bangladesh.

Mausam (formerly Indian J Meteorol Hydrol Geophys) 48:305–322
Ali Khan TM, Singh OP, Rahman MS (2000) Recent sea level and sea surface temperature trends along the

Bangladesh coast in relation to the frequency of intense cyclones. Mar Geodesy 23(2):1–14
Anderson-Berry LJ (2003) Community vulnerability to tropical cyclones: cairns, 1996–2000. Nat Hazards

30(2):209–232
As-Salek JA (1998) Coastal trapping and funneling effect on storm surges in the Meghna estuary in relation

with the cyclones hitting Noakhali-Cox’s Bazar coast of Bangladesh. J Phys Oceanogr 28(2):227–249
Azam MH, Samad MA, Kabir M (2004) Effect of cyclone track and landfall angle on the magnitude of

storm surges along the coast of Bangladesh in the northern Bay of Bengal. Coast Eng J 46(3):269–290
Baker EJ, Patton DJ (1974) Attitude toward hurricane Hazards on the Gulf Coast. In: White GF (ed) Natural

hazards—local, national, global. Oxford University Press, New York, pp 30–36
Begum R (1993) Women in environmental disasters: The 1991 cyclone in Bangladesh. Focus Gend

1(1):34–39
Benavente J, Del Rı́o L, Gracia FJ, Martı́nez-del-Pozo JA (2006) Coastal flooding hazard related to storms

and coastal evolution in Valdelagrana spit (Cadiz Bay Natural Park, SW Spain). Cont Shelf Res
26(9):1061–1076

Blaikie P, Cannon T, Davis I, Wisner B (1994) At risk: natural hazards, people’s vulnerability, and disasters.
Routledge, London

Brammer H (1987) Drought in Bangladesh: lessons for planners and administrators. Disasters 11(1):21–29
Brouwer R, Akter S, Brander L, Haque E (2007) Socio-economic vulnerability and adaptation to envi-

ronmental risk: a case study of climate change and flooding in Bangladesh. Risk Anal 27(2):313–326
Burton I, Kates RW (1964) The perception of natural hazards in resource management. Nat Resour J

3(3):412–441
Burton I, Kates RW, White GF (1993) The environment as hazard. Guildford Press, London

Nat Hazards (2011) 57:477–499 495

123



Cannon TG (1977) Natural disasters and the third world. In: Smith N et al (eds) Geography, social welfare
and underdevelopment. University of St. Andrews, St Andrews, pp 77–88

Cannon T (1994) Vulnerability analysis and the explanation of ‘‘natural’’ disasters. In: Varley A (ed)
Chapter two in disasters, development and environment. Wiley, London

Cannon T (2002) Gender and climate hazards in Bangladesh. Gend Dev 10(2):45–50
Cannon T, Twigg J, Rowell J (2003) Social vulnerability, sustainable livelihoods and disasters. Report to

DFID: Conflict and Humanitarian Assistance Department (CHAD) and Sustainable Livelihoods
Support Office, Natural Resources Institute, University of Greenwich, Chatham

Choudhury NY, Paul A, Paul BK (2004) Impact of costal embankment on the flash flood in Bangladesh: a
case study. Appl Geogr 24(3):241–258

Chowdhury AMR, Bhuyia AU, Choudhury AY, Sen R (1993) The Bangladesh cyclone of 1991: why so
many people died. Nat Hazards 17(4):291–304

Corbet J (1988) Famine and household coping strategies. World Dev 16(9):1099–1112
D’Oley V, Blunt A, Barnhardt R (1994) Education and development: lessons from the third world. Detselig

Enterprises, Calgary
de Waal A (2004) Famine that Kills: Darfur, Sudan, 2nd edn. Oxford University Press, Oxford
Del Ninno C, Dorosh PA (2003) Public policy, markets and household coping strategies in Bangladesh:

avoiding a food security crisis following the 1998 floods. World Dev 31(7):1221–1238
del Ninno C, Dorosh PA, Smith CL, Roy DK (2001) The 1998 floods in Bangladesh: disaster impacts,

household coping strategies, and response. International Food Policy Research Institute, Washington
Delap E (2000) Urban children’s work during and after the 1998 floods in Bangladesh. Dev Pract

10(5):662–673
Dercon S (2001) Assessing vulnerability to poverty. Paper prepared for the DFID available via

http://www.economics.ox.ac.uk/members/stefan.dercon/. Accessed 23 June 2008
Dercon S (2002) Income risk, coping strategies, and safety nets. World Bank Res Obs 17(2):141–166
Dercon S (2005) Vulnerability: a micro perspective. Available via http://www.economics.ox.ac.uk/

members/stefan.dercon/assessing%20vulnerability.pdf. Accessed 23 June 2008
Devereux S (1992) Household responses to food insecurity in north-eastern Ghana. Dissertation, University

of Oxford
Devereux S (2001) Livelihood security and social protection: a re-emerging issues in rural development.

Dev Policy Rev 19(4):507–519
Drabek TE (1986) Human system response to disaster: an inventory of sociological findings. Springer,

New York
Dube SK, Sinha PC, Roy GD (1986) Numerical simulation of storm surges in Bangladesh using a bay-river

coupled model. Coast Eng 10(1):85–101
Dube SK, Rao AD, Sinha PC, Murthy TS, Bahulayan N (1997) Storm surge in the Bay of Bengal and

Arabian Sea: the problem and its prediction. Mausam 48:283–304
Dube SK, Chittibabu P, Sinha PC, Rao AD, Murty TS (2004) Numerical modelling of storm surge in the

head Bay of Bengal using location specific model. Nat Hazards 31(2):437–453
Emanuel K (2005) Increasing destructiveness of tropical cyclones over the past 30 years. Nature

436(4):686–688
FAO (2004) Bangladesh: country overview. Available via http://www.fao.org/ag/agl/swlwpnr/reports/

y_sa/z_bd/bd.htm#overview. Accessed 28 Aug 2008
Faupel C, Kelley S, Peetee T (1992) The impact of disaster education on disaster preparedness for Hurricane

Hugo. Int J Mass Emerg Disasters 11:305–322
Few R (2003) Flooding, vulnerability and coping strategies: local responses to a global threat. Prog Dev

Stud 3(1):43–58
Finkl CW Jr (1994) Coastal hazards perception, susceptibility and mitigation. J Coast Res. The Coastal

Education & Research Foundation (CERF), Special Issue No. 12, pp 1–372
Fordham MH (1998) Making women visible in disasters: problematising the private domain. Disasters

22(2):126–143
GOB (2008) Cyclone Sidr in Bangladesh: damage, loss, and needs assessment for disaster recovery and

reconstruction. A report prepared by the Government of Bangladesh Assisted by the International
Development Community with Financial Support from the European Commission

Gray ML (1999) Creating civil society? The emergence of NGOs in Vietnam. Dev Change 30:693–713
Gray WM (1985) Tropical Cyclone Global Climatology, WMO Technical Document WMO/TD No. 72(1),

WMO, Geneva, Switzerland, pp 3–19
Green C, Van der Veen A, Wierstra E, Penning-Rowsell E (1994) Vulnerability refined: analyzing full flood

impacts. In: Penning-Rowsell EC, Fordham M (eds) Floods across Europe: flood hazard assessment,
modeling and management. Middlesex University Press, London

496 Nat Hazards (2011) 57:477–499

123

http://www.economics.ox.ac.uk/members/stefan.dercon/
http://www.economics.ox.ac.uk/members/stefan.dercon/assessing%20vulnerability.pdf
http://www.economics.ox.ac.uk/members/stefan.dercon/assessing%20vulnerability.pdf
http://www.fao.org/ag/agl/swlwpnr/reports/y_sa/z_bd/bd.htm#overview
http://www.fao.org/ag/agl/swlwpnr/reports/y_sa/z_bd/bd.htm#overview


Guarnizo CC (1992) Living with hazards: communities’ adjustment mechanisms in developing countries. In:
Kreimer A, Munansinghe YM (eds) Environmental management and urban vulnerability. The World
Bank, Washington, pp 93–106

Haider R, Rahman A, Huq S (1991) Cyclone’91: an environmental and perceptual study. Centre for
Advanced Studies, Bangladesh

Haque CE (1995) Climatic hazards warning process in experience of, and lessons from, the April cyclone
Bangladesh: 1991. Environ Manag 19(5):719–734

Haque CE (1997) Hazards in a fickle environment: Bangladesh. Kluwer, The Netherlands
Haque CE, Zaman MQ (1989) Coping with riverbank erosion hazard and displacement in Bangladesh:

survival strategies and adjustments. Disasters 13(4):300–314
Haque CE, Zaman MQ (1993) Human responses to riverine hazards in Bangladesh: a proposal for sus-

tainable floodplain development. World Dev 21(1):93–107
Haque CE, Zaman MQ (1994) Vulnerability and response to riverine hazards in Bangladesh: a critique of

flood control and mitigation approaches. In: Varley A (ed) Disasters, development and environment.
Willy, London, pp 65–79

Huq S, Ahmed AU, Koudstaal R (1996) Vulnerability of Bangladesh to climate change and sea level rise. In:
Downing TE (ed) Climate change and world food security, NATO ASI Series, I 37. Springer, Berlin,
pp 347–379

Hutton D, Haque CE (2004) Human vulnerability, dislocation and resettlement: adaptation process of river-
bank erosion-induced displacees in Bangladesh. Disasters 28(1):41–62

IPCC (2001a) Climate change 2001: the scientific basis, contribution of working group-I to the IPCC Third
Assessment Report. In: Houghton et al (eds) Cambridge University Press

IPCC (2001b) Climate change 2001: impacts, adaptation and vulnerability, contribution to working group-II
to the Third Assessment Report. In: McCarthy et al (eds) Cambridge University Press

Islam MA (1971) Human adjustment to cyclone hazards: a case study of Char Jabbar. Natural Hazards
Research Working Paper No. 18. University of Toronto, Toronto

Islam MA (1974) Tropical cyclones: coastal Bangladesh. In: White GF (ed) Natural hazards—local, national
and global. Oxford University Press, New York, pp 19–24

Islam MA (1980) Agricultural adjustments to flooding in Bangladesh: a preliminary report. Natl Geogr J
India 26:50–59

Islam MA (1981) Human adjustment to cyclone hazards in coastal Bangladesh. Persp Bangladesh Geogr
36–62

Islam M (1992) Natural calamities and environmental refugees in Bangladesh. Refuge 12(1):5–10
Islam RM (2008) Towards institutionalization of global ICZM efforts. In: Krishnamurthy RR (ed) Integrated

coastal zone management. Research Publishing Services, Singapore, p 23
Islam T, Peterson RE (2008) Tropical cyclone wind characteristics for the Bangladesh coast using Monte

Carlo simulation. J Appl Sci 8(9):1249–1255
Jakobsen F, Azam MH (2006) Cyclone storm surge levels along the Bangladeshi coastline in 1876 and

1960–2000. Coast Eng J 48(3):295–307
Kaniasty K, Norris FH (1999) The experience of disaster: individuals and communities sharing trauma. In:

Gist R, Lubin B (eds) Response to disaster. Taylor & Francis, Philadelphia
Karim MF, Mimura N (2008) Impacts of climate change and sea-level rise on cyclonic storm surge floods in

Bangladesh. Glob Environ Change 18(3):490–500
Kates RW (1962) Hazard and choice perception in flood plain management. Department of Geography

Research Report No. 78. University of Chicago, Chicago
Kates RW (1971) Natural hazards in human ecological perspective: hypothesis and models. Econ Geogr

47(3):438–451
Kesavan PC, Swaminathan MS (2007) The 26 December 2004 tsunami recalled: science and technology for

enhancing resilience of the Andaman and Nicobar Islands communities. Curr Sci 92(6):743–747
Khalil GM (1992) Cyclones and storm surges in Bangladesh: some mitigative measures. Nat Hazards

6(1):11–24
Khalil GM (1993) The catastrophic cyclone of April 1991: its impact on the economy of Bangladesh. Nat

Hazards 8(3):263–281
Khan MSA (2008) Disaster preparedness for sustainable development in Bangladesh. Disaster Prev Manag

17(5):662–671
Khan MR, Rahman EM (2007) Partnership approach to disaster management in Bangladesh: a critical policy

assessment. Nat Hazards 41(2):359–378
Khandker SR (2007) Coping with flood: role of institutions in Bangladesh. Agric Econ 36(2):169–180
Kunii O, Nakamura S, Abdur R, Wakai S (2002) The impact on health and risk factors of the diarrhea

epidemics in the 1998 Bangladesh floods. Public Health 116:68–74

Nat Hazards (2011) 57:477–499 497

123



Leigh CH, Sim LK (1983) Attitudes and adjustments to the flood hazards in a mixed ethnic community in
Malacca town, peninsular Malaysia. Singap J Trop Geogr 4(1):40–52

Madsen H, Jakobsen F (2004) Cyclone induced storm surge and flood forecasting in the northern Bay of
Bengal. Coast Eng 51(4):277–296

Mamun MZ (1996) Awareness, preparedness and adjustment measures of riverbank erosion prone people: a
case study. Disasters 20(1):68–74

Matsuda I (1993) Loss of human lives induced by the cyclone of 29–30 April, 1991 in Bangladesh.
GeoJournal 31(4):319–325

Mian SM (2005) Generating sustainable employment in the coastal zone of Bangladesh-present situation
and future potentials. Working paper WP042, Program Development office for Integrated Coastal Zone
Management, Dhaka

Mileti DS, Fitzpatrick C (1993) The great earthquake experiment: risk communication and public action.
Westview Press, Boulder

Mooley DA (1980) Severe cyclonic storms in the Bay of Bengal, 1877–1977. Mon Weather Rev
108:1647–1655

Moser C (1998) The asset vulnerability framework: reassessing urban poverty reduction strategies. World
Dev 26(1):1–19

MoWR (2005) Coastal zone policy. Ministry of Water Resources, Government of People’s Republic of
Bangladesh, p 1

Mozumder P, Bohara AK, Berrens RT, Halim N (2008) Private transfers to cope with a natural disaster:
evidence from Bangladesh. Environ Dev Econ 14(2):187–210

Murty TS, El-Sabh M (1992) Mitigating the effects of storm surges generated by tropical cyclones—a
proposal. Nat Hazards 6(3):251–273

Murty TS, Neralla VR (1992) On the recurvature of tropical cyclones and the storm surge problem in
Bangladesh. Nat Hazards 6(3):275–279

O’ Keefe J (1975) African drought: a review. Occasional paper no. 8. Disaster Research Unit, University of
Bradford, Bradford

Ortiz CAC (1994) Sea level rise and its impact on Bangladesh. Ocean Coast Manag 23(3):249–270
Parker DJ, Tunstall SM (1991) Managing flood water system: the United Kingdom experience. In: Annual

conference of the association of flood plain managers. Denver, 11 June
Parvin GA, Takahashi F, Shaw R (2008) Coastal hazards and community-coping methods in Bangladesh.

J Coast Conserv 12(4):181–193
Paton D (1996) Training disaster workers: promoting well-being and operational effectiveness. Disaster

Prev Manag 5(5):10–16
Paul BK (1984) Perception of and agricultural adjustments to floods in Jamuna floodplain, Bangladesh. Hum

Ecol 12(1):3–19
Paul BK (1992) Farmers’ response to drought in Bangladesh: lessons for planners and administrators. Paper

presented at the annual meeting of the Association of American Geographers, San Diego, 18–22 Apr
Paul BK (1998) Coping mechanisms practiced by drought victims (1994/5) in North Bengal, Bangladesh.

Appl Geogr 18(4):355–373
Paul BK (2009a) Why relatively fewer people died? The case of Bangladesh’s cyclone Sidr. Nat Hazards

50(2):289–304
Paul BK (2009b) Human injuries caused by Bangladesh’s cyclone Sidr: an empirical study. Nat Hazards

1–13. doi:10.1007/s11069-009-9480-2 (in press)
Paul A, Rahman M (2006) Cyclone mitigation perspectives in the islands of Bangladesh: a case of Sandwip

and Hatia islands. Coast Manag 34(2):199–215
Paul SK, Routray JK (2010) Flood proneness and coping strategies: the experiences of two villages in

Bangladesh. Disasters 34(2):489–508
PDO-CZMP (2004a) Where land meets the sea: a profile of the coastal zone of Bangladesh. The University

Press Limited, Dhaka, p 317
PDO-ICZMP (2004b) Living in the coast: problems, opportunities and challenges. Dhaka
Pelling M (2003) The vulnerability of cities. Earthscan Publication Ltd, London, pp 46–67
Raghavendra VK (1973) A statistical analysis of the number of tropical storms and depressions in the Bay of

Bengal during 1890–1969. Indian J Meteorol Geophys 24:125–130
Rahman MH (1995) Responding to drought in Bangladesh, The Daily Star, 15 May 1995
Rahmato D (1987) Famine and survival strategies: a case study from Northeast Ethiopia. Food and Famine

Monograph Series No. 1. Institute of Development Research, Addis Ababa University, Addis Ababa
Rasid H (1993) Preventing flooding or regulating flood levels?: case studies on perception of flood alle-

viation in Bangladesh. Nat Hazards 8(1):39–57

498 Nat Hazards (2011) 57:477–499

123

http://dx.doi.org/10.1007/s11069-009-9480-2


Rasid H (2000) Reducing vulnerability to flood disasters in Bangladesh: compatibility of floodplain resi-
dents’ preferences for flood alleviation measures with indigenous adjustments to floods. In: Parker DJ
(ed) Floods, vol II. Routledge, London, pp 46–65

Rasid H, Haider W (2003) Floodplain residents’ preferences for water level management options in flood
control projects in Bangladesh. Nat Hazards 28(1):101–129

Rasid H, Mallik A (1995) Flood adaptations in Bangladesh: is the compartmentalization scheme compatible
with indigenous adjustments of rice cropping to flood regimes? Appl Geogr 15(1):3–17

Rasid H, Paul BK (1987) Flood problems in Bangladesh: is there an indigenous solution? Environ Manag
11(2):155–173

Ray-Bennett NS (2009) Coping with multiple disasters and diminishing livelihood resources caste, class,
and gender perspectives: the case from Orissa, India. Reg Dev Dialogue 30(1):108–120

Richards P (1986) Coping with hunger. Heinemann, London
Rocheleau DE, Steinberg PE, Benjamin PA (1995) Environment, development, crisis, and crusades:

Ukambani, Kenya, 1890–1990. World Dev 23(6):1037–1051
Roder W (1961) Attitudes and knowledge on the Topeka flood plain. In: White GF (ed) Papers on flood

problems. Department of Geography Research paper no. 70. University of Chicago, Chicago, pp 62–83
Schmuck H (1996) Living with the floods: survival strategies of Char-Dwellers in Bangladesh. FDCL,

Berlin
Schmuck H (2003) Living with cyclones. Strategies for disaster preparedness in Cox’s Bazar district,

Bangladesh. Geogr Rundsch 55(11):34–39
Sen AK (1980) Famines. World Dev 8(9):613–621
Sen AK (1981) Ingredients of famine analysis: availability and entitlement. Q J Econ 96(3):433–464
Sen AK (1982) The food Problem: theory and policy. Third World Q 4(3):447–459
Shalaby A, Tateishi R (2007) Remote sensing and GIS for mapping and monitoring land cover and land-use

changes in the Northwestern coastal zone of Egypt. Appl Geogr 27(1):28–41
Singh OP, Ali Khan TM, Murty TS, Rahman MS (2001) Sea level changes along Bangladesh coast in

relation to southern oscillation phenomenon. Mar Geodesy 24(1):65–72
Skoufias E (2003) Economic crises and natural disasters: coping strategies and policy implications. World

Dev 31(7):1087–1102
Smucker TH, Wisner B (2008) Changing household responses to drought in Tharaka, Kenya: vulnerability,

persistence, and challenge. Disasters 32(2):190–215
Suliman MK (1991) Universities and development of the desert land in the ARE. In: The 2nd annual

university conference, Cairo, 2–5 Nov
Thompson P, Tod I (1998) Mitigating flood losses in the active floodplains of Bangladesh. Disaster Prev

Manag 7(2):113–123
Varley A (1994) The exceptional and the everyday: vulnerability analysis in the international decade for

natural disaster reduction. In: Varley A (ed) Disaster, development and environment. Willy, New York,
pp 1–12

Vasta SK (2004) Risk, vulnerability, and asset-based approach to disaster risk management. Int J Sociol Soc
Policy 24(10/11):1–48

Walker B (1994) Editorial. Focus Gend 2(1):2–6
Watts M (1983) Silent violence, food, famine and peasantry in northern Nigeria. University of California

Press, Berkeley
Winchester H (1992) The construction and deconstruction of women’s roles in the urban landscape. In:

Anderson K, Gale F (eds) Investing places: studies in cultural geography. Longman Cheshire,
Melbourne

Wisner B, Blaikie P, Cannon T, Davis I (2004) At risk, 2nd edn. Routledge, London
Wood GD (1981) Rural class formation in Bangladesh, 1940–1980. Bull Concern Asian Sch 13(4):2–15
World Bank (2000) Bangladesh: climate change and sustainable development. Report No. 21104-BD. Rural

Development Unit, South Asia Region, The World Bank, Dhaka, p 95
Zerger A, Smith DI, Hunter GJ, Jones SD (2002) Riding the storm: a comparison of uncertainty modelling

techniques for storm surge risk management. Appl Geogr 22(3):307–330

Nat Hazards (2011) 57:477–499 499

123


	Household response to cyclone and induced surge in coastal Bangladesh: coping strategies and explanatory variables
	Abstract
	Introduction
	Study area and methodology
	Impacts and dynamics of cyclones and induced surges in the study villages
	Indigenous coping strategies for cyclone and induced surge mitigation
	Coping strategies well in advance of the cyclone and induced surge event
	Coping strategies immediately before the cyclone and induced surge event
	Post cyclone and induced surge event coping strategies

	Adoption of coping strategies: differentials and explanatory variables
	Age
	Gender
	Education
	Land ownership
	Household income
	Primary occupation
	Response to early warning
	Locational exposure and magnitude of cyclone
	Relief and rehabilitation
	Social protection and informal risk-sharing within the community

	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


