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1. Introduction

Reducing disaster vulnerability and promoting resilience have been a central issue on disaster
research. There are several past studies examining factors relating to the vulnerability (Khan, 1974;
Burton, Kates and White, 1993; Hewitt, 1997; Twigg and Bhatt, 1998; Weichselgartner, 2001,
Wisner et al., 2004; IFRC, 2006) as well as vulnerability and disaster responses (Zaman, 1988;
Haque and Zaman, 1994; Hutton and Haque, 2003, 2004; Edgeworth and Collins, 2006). The
frequency and intensity of natural disasters have increased globally in recent years (see IPCC 2001a,
b; Khan and Rahman 2007). Among others, tropical cyclones' and induced storm surges® are
recognized as the foremost natural hazard (see Murty and EI-Sabh 1992; Finkl 1994; Dube et al.
1997; Zerger et al. 2002; Benavente et al. 2006). Over the past two centuries, more than two million
people worldwide have died during various tropical storms, including cyclones, hurricanes and
typhoons, and tidal surge events (see Nicholls, 2003). On the face of the earth, the frequency of
cyclones has shown an upward tendency (see Haque et al., 2012). There has been great concern that
the frequency and intensity of tropical cyclones will increase in the future due to global warming
(see Emanuel 2005). The development and the intensity of tropical storms heavily depend on an
ocean temperature. Hence, increasing sea temperature as well as rising sea levels, caused by global
warming, will intensify the damage by cyclones and their associated storm surges (see Danard and
Murty, 1987; Mohanti, 1990; Kausher et al., 1993; Ali, 1996; Islam, 2001; Brooks et al., 2005;
Birkmann, 2006; IPCC, 2007; Emanuel et al., 2008; UNDP, 2007; Dasgupta et al., 2009; Dasgupta et
al., 2010; Mallick, Rahaman, and Vogt, 2011a,b; Mamud and Barbier, 2011; Haque et al., 2012).2
Cyclone and after cyclone situation analysis revealed that for any types of moderate cyclone, there

are the following common occurrences: (i) destruction due to wind force and surge; (ii) loss of lives,

! The World Meteorological Organization defines a tropical cyclone as “a storm in the south-east Indian Ocean with the
sustained wind speed of more than 33 nautical miles per hour (i.e. 62 km per hour)” (see Haque et al., 2012).

2 A storm surge is the difference between the water level under the influence of a storm tide and the normal level that
would have been reached in the absence of the meteorological disturbance (see Haque et al., 2012).

® Climate scientists still argue about global warming and its influence on increasing frequency and intensity of cyclones
although they do not reach a compelling conclusion yet (see Ali 1996; Khan et al. 2000; IWTC 2006; Pielke et al. 2005;
Emanuel 2005; Webster et al. 2005; Bengtsson, Hodges, and Roeckner 2006; Landsea et al. 2006; IPCC 2007;
Woodworth and Blackman 2004; Woth, Weisse, and von Storch 2006; Emanuel et al. 2008).
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livestock and crop by tidal wave; (iii) loss of soil fertility for spread of sea-spray, saline water
intrusion and sedimentation; (iv) water source contamination; (v) extensive environmental pollution;
(vi) spread of diseases; (vii) unemployment and starvation (see Rahman and Biswas, 2011). Among
these damages, loss of lives is mainly concentrated in the tropics, where most of the deaths occurred
in Asia alone (see CRED, 2008). The countries surrounding the Bay of Bengal, notably Bangladesh,
is particularly prone to the disaster by tropical cyclones, experiencing about ten percent of the
tropical cyclone formation and more than 40 percent of total annual deaths caused by the cyclone all
over the world (Ahmad, 2012). Bangladesh is currently ranked as one of the most vulnerable
countries to tropical cyclones (see IPCC, 2001a,b; IPCC 2007; UNDP, 2004; World Bank, 2005;
Disaster Management Bureau, GoB, 2010). According to the mortality risk index®, measured by
United Nations International Strategy for Disaster Reduction (UNISDR), four populous countries in
Asia — Bangladesh, China, India, and Indonesia — are classified as the extreme category for average
number of annual fatalities. This index shows that people in Bangladesh are most at the extreme risk
from tropical cyclones. The aim of this paper is to examine the extent to which factors contributed at
the household level to human losses caused by 2007 flood and Cyclone Sidr in Bangladesh, which is
prone to frequent disastrous cyclones and derive policy implications for future promotion of
resilience against disaster, particularly cyclones and floods. This paper mainly exploits the panel
data of Bangladesh Rural Household Survey conducted in 62 villages under 62 Upazilas from each
district of the country in 2004 and 2008. The remainder sections of this paper are structured as
follows: Section 2 describes the major disasters in Bangladesh. Section 3 summarizes several efforts
taken in Bangladesh in order to reduce disaster vulnerability and promote resilience against tropical
cyclones and associated storm surges. Section 3 briefly describes the Bangladesh Rural Household
Survey used for the paper. Then, the paper investigates the extent to which several factors including
both household and village characteristics, including disaster prevention infrastructure like cyclone
shelters, would contribute to reduction in human loss. Methodology and estimation results will be

explained in Section 5 and Section 6, respectively. The last section will conclude.

2. Disasters in Bangladesh

Bangladesh is prone to a wide variety of disasters such as sea level rise, cyclones and storm surge,
flood, land erosion, water logging, drought, salinity intrusion, river bank erosion, arsenic
contamination of ground water sources, environmental pollution, earthquakes, and tidal bore, which
lead to large scale impact on crop production, employment situation, household livelihoods and

national economy (Chowdhury, 1998; United Nations, 2008). These disaster vulnerabilities differ

* The Mortality Risk Index identifies where people are most likely be at risk of sudden onset hazard, particularly tropical
cyclones, earthquakes, floods and landslides. This index is measured based on frequency and severity, human exposure
and identification of their vulnerability (for the detailed ranking, see http://www.unisdr.org/files/9928 MRIA3.pdf:
accessed on 11 April 2013).

433



The 24th JASID Annual Conference, 2013 24

across the areas within Bangladesh (Islam and Ahmed, 2004). At least 70 major cyclones hit the
coastal belt of Bangladesh from the past 200 years. The Noakhali-Chittagong Coast received 40
percent of the cyclones, which is the most vulnerable area for the landfall of cyclones. The landfall
areas of cyclones that hit the Bangladesh coast is not uniform. Out of fifteen major cyclones since
1960, nine mainly struck the south-east coast, four mainly struck the south-west coast, and two
affected the central and eastern coastal areas (BBS, 2009). It is predicted that global warning will
cause an annual temperature rise in Bangladesh and result in greater frequency and intensity of
cyclonic storms. Chowdhury et al. (2012) estimated that during the period of 1985-2009, tropical
cyclones had an increase in annual frequency by 0.0492 cyclones per year. This upward trend in
cyclone frequencies is also obvious from the longer period of datasets (Chowdhury, 2008). Between
1891 and 2010, 180 cyclones with different magnitudes hit the coastal areas of Bangladesh. The
cyclones of 1970 and 1991 alone caused approximately 500,000 and 140,000 human casualties,
respectively. Around 900,000 people along the coast died in the last 35 years in the country. Among
these areas, southeastern coast received around one-third of the total cyclones in the country.
Bangladesh is regarded as one of the countries which are vulnerable to cyclone and storm surges (see
Mahmud and Prowse, 2012; Penning-Rowsell, Sultana, and Thompson, 2012; Mamud and Barbier,
2011; Dasgupta et al., 2010). Nearly half of the world’s total deaths due to cyclones occurred in
Bangladesh (see Ali 1996). Geographical features worsen the damage by cyclones in Bangladesh.
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 Bangladesh (Dasgupta et al., 2010; Paul 2009; Paul and Routray, 2011).
About ten percent of the territory of Bangladesh is only one meter above the mean sea level (Mohal
et al. 2006). Under such circumstances, even incrementally small elevations in sea level would do
severely and greater negative effects on coastal territory in the country. With respect to sea level rise,
Bangladesh has been rated as the third most vulnerable country in the world in terms of number of
people affected. Particularly, the coastal area of Bangladesh is well-known for severe cyclones and
induced surges (Paul 2009). In this area, cyclones and induced surges are a recurrent phenomenon
(Paul and Routray, 2011). At least one major tropical cyclone strikes the Bangladesh coast each year
(Mooley, 1980) 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). This coastal zone of
Bangladesh is one of the top ten potentially deadly locales, where live 29 percent (i.e. 40 million) of
the total population of the country (see Dasgupta et al. 2009). Among other cities, Chittagong and
Khulna are found to be at higher risks for mortality and economic losses (Brecht et al., 2013).
Between 1877 and 2009 Bangladesh was hit by 159 cyclones, including 48 severe cyclonic storms,
43 cyclonic storms, 68 tropical depressions (see Ali, 1999; Miyan, 2005; Karim and Mimura, 2008).

Since record keeping commenced in 1877, more than one million people have died in the country as
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a result of cyclones. On average, a severe cyclone strikes Bangladesh every three years (GoB 2009).
Usually, those cyclones are reported particularly in the pre-monsoon months of April and May and
the post-monsoon months of October and November (Miyan, 2005). Most cyclones made landfall
along the coast of Bangladesh and caused catastrophe and casualties. More recently 2007 Cyclone
Sidr and 2009 Cyclone Aila in Bangladesh provided examples of devastating storm-surge impacts in
coastal areas, which affect population, livelihoods, socio-economic systems, environments, and
health (Mallick, Rahaman, and Vogt, 2011a; Chowdhury, 1998, Alam et al., 2003). In the last three
decades, major floods have occurred in Bangladesh in 1987, 1988, 1998, 2004 and 2007.> During
each flood, hundreds of people have been killed. Damage to crops, small enterprises and
infrastructure was as high as several billion US dollars, severely disrupting the local economy.
Normally, 20 to 25 percent of the country is inundated during every monsoon season. In the case of
extreme flood events, 40 to 70 percent of the areas of the country can be inundated. The number and
severity of cyclones in Bangladesh and the associated human losses have varied greatly during the
past 50 years (see Haque et al., 2012). The two deadliest cyclones occurred in 1970 and 1991, with
more than 500,000 and almost 140,000 deaths, respectively. However, during the past twenty years,
Bangladesh has managed to reduce deaths and injuries from cyclones. For example, the recent severe
cyclone of 2007 caused 4,234 deaths, a dramatic reduction in human losses compared with the
devastating 1970 cyclone (see Haque et al. ,2012; Paul et al., 2010; Paul 2009). Mallick, Rahaman,
and Vogt (2011a) mentioned that this is particularly because of developing cyclone shelters and an

effective early warning system.

3. Disaster Management in Bangladesh

Disaster management in Bangladesh particularly for tropical cyclones is very reactive like other
developing countries. Bangladesh gained independence in 1971, and before the independence, there
was hardly any effort in terms of disaster planning and management. As mentioned in the previous
section, in the 1970 cyclone, the death tolls were huge mainly because there was no dissemination of
cyclone warning by the government in those days (Islam, 2006). After independence, in order to
reduce disaster vulnerability and promote resilience against tropical cyclones and associated storm
surges, several efforts and measures for disaster management have been taken in Bangladesh: 1)
cyclone preparedness programme (CPP); 2) construction of cyclone shelters and killas; 3) early

warning systems; 4) coastal embankment project; and 5) afforestation program.

® Floods in Bangladesh are categorized as follows: (i) monsoon floods, which increase slowly and decrease slowly,
inundate vast areas and causes huge loss to the life and property; (ii) flash floods from sudden torrential flows, following
a brief intense rainstorm; (iii) tidal floods, which are of short duration but are generally three to six meter high; (iv) rain
floods caused by drainage congestion and heavy rain.
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3.1 Cyclone Preparedness Programme

Prevention measures for cyclone disaster have improved following the launch of the Cyclone
Preparedness Programme (CPP) established in 1972 under an agreement between the Bangladesh
Ministry of Disaster Management and Relief and the Bangladesh Red Crescent Society (Khan and
Rahman 2007; Paul and Dutt, 2010). The CPP includes the following activities: a) disseminating
cyclone warning signals issued by the Storm Warning Center (SWC)™ through an extensive
telecommunication network; b) providing and assisting in first aid, rescue, relief and rehabilitation
operations; ¢) coordinating and building community capacity, disaster management and development
activities. The goal of the CPP is to minimize the loss of lives and property in cyclonic disasters by
strengthening and developing disaster preparedness and response capacity in coastal communities,
and by increasing the effectiveness of volunteers (Haque et al., 2012). The CPP covers eleven
coastal districts, which are made up of 32 Upazilas consisting of 274 unions. Field-level work of the
CPP is based on 2,845 local CPP unites, which are distributed throughout coastal villages. Each unit
covers one or two villages with a population range between 2,000 and 3,000 people (Karim and
Mimura 2008; Paul, 2012; Paul et al., 2010). CPP volunteers in these villages are eventually
responsible for directly disseminating cyclone warnings to at-risk communities via megaphones and
house-to-house visits and to assist in their evacuation. The warnings are also disseminated through
radio and TV news as well as local administration. The CPP volunteers have an important role for
cyclone warning dissemination to at-risk communities in Bangladesh. The volunteers are typically
school teachers, social workers, clergymen, local government officials and community leaders
(Haque, 1995: 722). At the time of the 1991 cyclone, there were around 20,000 CPP volunteers
stationed in coastal districts (Chowdhury et al., 1993). The number increased more than double to
42,675 between 1991 and 2007 (see Penning-Rowsell, Sultana, and Thompson, 2012; Paul et al.,
2010; Paul, 2009).

3.2 Construction of Cyclone Shelters and Killas

At present, cyclone shelters in the coastal regions of Bangladesh play a very important role in
protecting human lives and livestock during cyclones. For example, during the Cyclone Sidr in 2007,
fifteen percent of the affected population took refuge in cyclone shelters. After the devastating
cyclone of 1970, the government and other agencies undertook construction of public cyclone
shelters (Dasgupta et al., 2010). A program to construct the cyclone shelters in the coastal areas of
Bangladesh was also initiated in 1972 to protect coastal residents from future cyclones and
associated storm surges (Paul, 2012). During 1972-1979, a sum total of 238 shelters were
constructed in coastal districts out of which eleven shelters appeared to have been washed away.

Each shelter was capable of accommodating about 2,000 people during cyclones and tidal surges.

12 This is a specialized unit of the Bangladesh Meteorological Department (see Paul et al., 2010: 91).
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After 1985 cyclone, Bangladesh Red Crescent Society constructed 62 shelters and Caritas and other
NGO’s constructed twenty shelters. These shelters are two-storied frame building with free ground
floor and three meter height of RCC columns, which can accommodate 800 people during cyclones
and associated storm surges. After the devastating cyclone of 1991, various organizations like
Bangladesh Red Crescent Society, Ministry of Education with a Saudi grant, EEC, local Government
Engineering Bureau as well as several NGOs have constructed considerable number of cyclone
shelters with different types and designs (Mallick and Vogt, 2011; Mallick, Rahaman, and Vogt,
2011a). There is a need for development of multipurpose cyclone shelters along the coastal areas.
During a normal period, these cyclone shelters are used as schools, community centers, and offices
(Mallick, Rahaman, and Vogt, 2011a,b; Paul, 2012). Recent design of the shelters has the overhead
water storage and the space to shelter livestock on the first floor, located on the floor under the space
for the evacuees (Dasgupta et al., 2010). Animals can approach to the shelters through the slope.
Many existing shelters are in dilapidated condition and have a host of problems, including
insufficient lighting, broken windows and doors, lack of water and sanitation facilities, and lack of
separate space for women. Worst of all, the shelters cannot accommodate all of the people who live
in the cyclone-prone coastal districts (Paul and Dutt, 2010). According to the CEGIS survey in 2004,
more than 65 percent of the shelters had no provision for the special needs of women; almost no
facility was user friendly for people with disabilities; and 80 percent had no safe haven for livestock
(Dasgupta et al., 2010). After Cyclone Sidr, the Bangladesh government initiated the construction of
2,000 new cyclone shelters in fifteen low-lying coastal districts, but the number and location of
shelters remain inadequate for the population (Haque et al., 2012). In many instances, politicians and
government officials selected shelter sites for political reasons rather than on the basis of safety
requirements and local conditions (Talukder, Roy, and Ahmad 1992). Paul and Dutt (2010) pointed
out that there are an insufficient number and an inadequate distribution of cyclone shelters. Many
lives could have been saved if more shelters had been situated near villages likely to be struck by
cyclones. Experts have already advised that a minimum of 3,000 additional cyclone shelters be built
in order to provide adequate shelters for coastal residents in Bangladesh. However, because distance
appears to be an important factor in determining the utilization or non-utilization of cyclone shelters,
these facilities need to be located within 1.5 kilometers of each village in the coastal zone. This
particular issue should receive the highest priority in the government’s CPP. A denser network of
smaller public shelters would be preferable to less numerous and larger shelters because such a
network would reduce the house-to-shelter distance, which would not only encourage greater
utilization but also provide better protection of residents’ property. Even if with the sufficient
number and the adequate distribution of the shelters, early warning messages need to be promptly
delivered to the households in the villages likely to be struck by cyclones. In addition to the

development of cyclone shelters, nearly 200 raised earthen platforms called killas have also been
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constructed in the cyclone-prone areas to safeguard livestock from cyclones and storm surges (GoB,
2008). A killa can shelter 300 to 400 livestock (Talukder, Roy, and Ahmad 1992). In some cases, the
killa sites have been found to be inaccessible and undesirable. The maintenance of these facilities
has been very poor; most of them are full of bushes and have become a habitat for snakes and
harmful insects. Similar to the situation with cyclone shelters, the number of killas established in
cyclone-prone coastal districts is insufficient to accommodate all livestock in these areas (Paul,
2012).

3.3 Early Warning System

Early warning systems were introduced in South Asian countries after the devastating cyclone of
1970. Although Bangladesh is extremely susceptible to catastrophic cyclones, the people’s response
to early warning systems has not been adequately and systematically investigated (Paul, 2012).
There is some evidence that the coastal inhabitants depend on indigenous early warning indicators of
cyclone hazard based on an observation of unusual weather, sea patterns and animal behavior
(Hassan, 2000; Alam et al. 2003; Howell, 2003). In the past, the early warning and evacuation
systems of Bangladesh have played an important role in saving lives during cyclones. In general,
Bangladesh Meteorological Department issues forewarning for any impending cyclones and storm
surges; newspapers, television channels and radio stations broadcast the warning; and the local
government administration and the local Cyclone Preparedness Program (CPP) volunteers run by the
Red Crescent Society lead the evacuation of the people (Dasgupta et al., 2010). The Red Crescent
Society officials, CPP volunteers and residents of major cyclone affected areas pointed out the
urgent need for broadcasting the warnings in the local dialects and the need to raise awareness for
the importance of timely evacuation. Using local dialects is of importance as illiterate poor people
often experience difficulties in understanding sophisticated Bengali (Dasgupta et al., 2010). Even
among people with the timely receipt of news of 2009 Cyclone Aila, most of them did not pay
careful attention on the early warning messages as there was very little faith about the warnings
delivered from local radio (Mallick, Rahaman, and Vogt, 2011a). This was the primary cause of
extreme human losses. Similarly, of the respondents who did not take refuge, 25 percent said that
they did not receive any cyclone warnings prior to Cyclone Sidr’s landfall. Nearly nineteen percent
of non-evacuee respondents reported that they did not believe the cyclone warnings. One of the main
reasons for this disbelief was a false tsunami warning issued in Bangladesh two months before Sidr’s
landfall. Nearly fourteen percent of non-evacuee respondents did not comply with evacuation orders
either because the orders were issued long before the storm’s landfall or because of the

incompleteness of the warning messages (Paul, 2012).
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3.4 Coastal Embankment Project

In addition to these measures, a coastal embankment project was initiated in Bangladesh in the 1960s
to increase crop production by preventing the intrusion of saline ocean water into crop fields located
near the coast (Choudhury, Paul, and Paul 2004). Since then, a series of embankments have been
constructed to protect coastal regions, including around 4,000 km of coastal embankments
surrounding the Bay of Bengal and offshore islands (BWDB, 2000). In the 1960s, 123 polders and
supporting infrastructure were constructed to protect low-lying coastal areas against tidal flood and
salinity intrusion in Bangladesh (Mallick, Rahaman, and Vogt, 2011a). Later, after the ability of
embankments to reduce or prevent damage from cyclone and storm surges was demonstrated, the
embankment project was extended to cover all coastal regions of the country (Khalil 1992).
Unfortunately, because of poor maintenance and inadequate management, most of the sea-facing
embankments are in very dilapidated condition, with numerous cuts or portions partially or

completely eroded (Paul, 2012).

3.5 Afforestation Program

Moreover, after the 1966 cyclone, the government initiated a massive afforestation program along
the coastal zone, including in Sunderbans (Karim and Mimura 2008). Coastal forests not only
provide protection for residents and the environment against tidal and storm surges but also act as a
natural barrier that slows surge waves and stabilizes coastal land (GoB, 2008). Coastal vegetation
was found to be protective during Cyclone Sidr when mangrove forests saved the south-western part
of Bangladesh. During a different storm, it reduced the death toll from a cyclone in India in 1999
(Das and Vincent, 2009). Reforestation of approximately 1200 km? of mangrove forests in
Bangladesh has been carried out to mitigate cyclone risk (Saenger and Siddiqi, 1993). Continued
technological advances will increase preparedness and help mitigate the effects of cyclones and
associated storm surges in Bangladesh (Haque et al., 2012). Although there is currently little
scientific evidence regarding the impact of disaster management measures such as cyclone shelters,
coastal embankments and/or awareness programmes on cyclone-related mortality, they appear to

have saved millions of lives. This study attempts to fill in this gap.

4 Data

In order to examine factors contributing to human losses caused by 2007 flood and Cyclone Sidr,
this paper uses the panel data of Bangladesh Rural Household Survey conducted by Socioconsult Ltd.
in 62 villages under 62 Upazilas from each district of the country in 2004 and 2008. The surveys
were sponsored by IRRI, IFPRI and BRAC. In order to facilitate dialogues on strategies and policies
related to poverty reduction, the survey collected the following information: demography, migration,

agriculture and other livelihood sources, income and expenditure, consumption, housing, perception
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about changes in economic conditions. In addition, it also has collected information on village
profile such as population, total land, irrigated land, and flooded area. Furthermore, the 2008 survey
had the special module regarding the loss by 2007 flood and Cyclone Sidr, including the loss of
property such as houses, crops and livestock as well as sources of funding for recovery. Based on the
2008 survey, it was revealed that 2007 flood and Cyclone Sidr damaged most households in Barisal
division, while it did little for those in Sylhet division. The damage by these natural disasters spread
all over the other districts, particularly coastal districts as well as districts along the Ganges (or

Padma), Brahmaputra (or Jamuna), and Meghna Rivers.

5 Methodology
The methodological framework of this paper is based on the conventional risk hazard models (see
UNDP, 2004; Dao and Peduzzi, 2004; Turner et al. 2003; UN/ISDR, 2009). Risk is defined as the
probability of harmful consequences or expected losses of lives, resulting from interactions between
hazards, exposure, and vulnerable conditions (see UNDP, 2004; Turner et al., 2003). In practice,
depending on availability of data, this can be measured by human loss due to hazard. This paper uses
household-level mortality as a measure of cyclone and storm surge impact. Thus, the model can be
written as follows:
(1) Loss= f(Hazard, Exposure, Vulnerability)
where Loss denotes the household-level losses due to cyclone and associated storm surges, which are
human losses from the 2007 flood and Cyclone Sidr. Hazard refers to intensity of flood and cyclone
occurred in Bangladesh in 2007. Exposure is defined based on UN/ISDR (2009), stating that “people,
property, systems or other elements present in hazard zones that are thereby subject to potential
losses”. This can be measured by numbers of people or types of assets in a village. This study
utilizes the household data on family size and family composition before experiencing the disaster,
particularly shares of family members potentially at high risk of exposure such as those of female,
children, and old people. Similarly, as of vulnerability, UN/ISDR (2009) mentions that there are
many aspects, resulting from economic, social, and physical features which vary significantly within
the village and over time. Vulnerability is defined as the characteristics and circumstances of
households and villages that make it susceptible to the damaging effects of a hazard. Here, the paper
measures the vulnerability using the following variables: household welfare; housing material;
access to information on disaster warnings and cyclone shelters; and village population density. In
order to examine factors influencing human loss caused by the 2007 flood and Cyclone Sidr, we use
the empirical model which can be express as follows:
@ hloss; =+ , -cyclone; + f, - flood ; + j, - fsize; + B, - female; + 5 - age0_5; + f3; - age650ver,
+ B, - welfare; + g -wall_d; + f, -tv_d; + B, - shelter; + j,, - popden; + f3,, -interact; +¢

where hloss;; denotes either human or economic losses within the i th household in the j th village.
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This is approximately measured by reduction in family size during the said period as the 2008 survey
did not directly ask the respondents about the number of the dead caused by flood and cyclone
occurred in 2007. The number of babies born during this period was excluded from this estimation.
In order to estimate the extent to which family size decreased, number of migrants was also taken
into account as some family members might stay away from a household head. With regard to
human loss, the dummy variable of hloss_d;; was also generated for logistic regression estimates. In
addition, a decrease (or an increase) in family size due to its split (or extension) due to marriage,
divorce, and separation was also considered when the level of human loss was estimated. cyclone;
refers to a tropical cyclone intensity, which is measured based on a wind speed at village level. This
is a measure of how affected a village household is by Cyclone Sidr in 2007. Following Yang (2008),
this affectedness is estimated by the square of the wind speed above the tropical storm wind speed
threshold (i.e. 38 mph), normalized by the maximum of this variable (i.e. wyax = 200 mph) as the
pressure exerted by winds on structures is in general modeled as rising in a squared term rather than
a linear relation (see Emanuel, 2005). This is given by:
(Wj -38f
(Wyx —38)°

where w; is the wind speed (in mph) to which village households were exposed in their location j,

() cyclone; =

which is estimated based on CEGIS (2008). This cyclone intensity measure has the range of zero to
one. If households were exposed to the maximum wind speed, this measure is one, while it becomes
zero if the wind speed is below the tropical storm wind speed threshold (i.e. 38mph). flood; refers to
the intensity of the flood occurred in 2007. This captures the extent to which a village was affected
by flood in 2007, which is defined as a proportion of the land flooded by 50 cm and more deep water.
This flood information was derived from the 2008 Rural Household Survey. fsize; is the natural
logarithm of number of total family members in 2004. For the shares of female family members,
family members aged zero to five, and family members aged 65 and over as of 2004, we used the
variables of female;, age0_5;, and age65over;, respectively. welfare; shows the welfare level of the i
th household, defined by per capita annual expenditure on essential commodities in 2004. It has the
characteristics of a skewed to the right distribution. In order to make this variable normally
distributed, we take the logarithm of the variable. popden; is a population density in the j th village.
In addition to the above variables in the estimation equations, the several dummy variables are also
added to capture the effects of each factor influencing the human losses. The variable wall_d;
identifies housing vulnerability. Access to disaster-related warnings also matters when households
face the disaster like flood and cyclone. Ownership of a TV set was included as a dummy variable of
tv_d;, to consider its effect on human suffering. The interaction terms of tv_d;, and each hazard
variable was also included in the model. For examining whether existing cyclone shelters could

contribute to reduction in the losses, the dummy variable, shelter;, was included in one of the
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explanatory variables in the estimation models. This variable denotes whether there is a cyclone
shelter within a village or not. Table 1 and Table 2 show the definition of variables used in the
analysis and their summary statistics. When it comes to the dependent variable, nearly two-thirds of
households did not experience any human loss after the 2007 flood and Cyclone Sidr (see Table 2).
In equation (2), the dependent variable hloss;; is the household-level human death figures and is a
non-negative count variable, and thus the estimation equation is expected to take a Poisson or some
other count model approximations such as a negative binomial model and a hurdle model (or
two-part model). Figure 1 shows the actual distribution of hloss;;. In order to examine whether death
occurred or not in a household, we also use a dichotomous variable, i.e. hloss_d; for a logit
approximation, instead of hloss;j in equation (2). In the next section, we first separately estimate the
probability of human loss using a logit regression and its level using both Poisson and negative
binomial models. Then, we consider the hurdle model (or two-part model) which takes into account
the models of the probability and the level of human deaths and relaxes the assumption that the zeros
and the positives come from the same data-generating process. The two parts of the model are
functionally independent. The first part (i.e. a probability equation) uses the full sample, but the
second part (i.e. a level equation) uses only the positive count observations. We use the logit model
for the first part, while the zero-truncated Poisson or the zero-truncated negative binomial model for
the second part.

Table 1. Definition of variables used

Variable Name Variable Description
Loss
hloss_d =1 if human loss within a household between 2004-2008; =0 otherwise
hloss Number of human deaths within a household between 2004-2008
Hazard
cyclone Tropical cyclone intensity (based on wind speed, mph)
flood Flood affected area
Exposure
fsize The natural logarithm of number of total family members in 2004
female Share of female family members in 2004
age0 5 Share of family members aged 0-aged 5 in 2004
age650ver Share of family members aged 65 and over in 2004
Vulnerability
welfare The natural logarithm of per capita annual expenditure on essential commodities in 2004
wall d =1 if wall is made of concrete; =0 otherwise
tv. d =1 if a household owns a TV set; =0 otherwise
shelter =1 ifthere is a cyclone shelter within a village; =0 otherwise
popden Village population density
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Table 2. Summary Statistics

Variable Name Obs Mean  Std. Dev. Min Max
Loss
hloss_d 1722 0.350 0.477 0 1
hloss 1722 0.510 0.937 0 11
hloss (if hloss > 0) 603 1.458 1.063 1 11
Hazard
cyclone 1742 0.138 0.216 0 1
flood 1742 0.408 0.341 0 1
Exposure
fsize 1739 1.512 0.450 0 3.045
female 1739 0.494 0.181 0 1
age0 5 1739 0.117 0.147 0 0.667
age65over 1739 0.054 0.147 0 1
Vulnerability
welfare 1739 8.059 0.682 5.407 11.55
wall_d 1742 0.175 0.380 0 1
tv.d 1742 0.300 0.458 0 1
shelter 1742 0.017 0.128 0 1
popden 1742 6.983 5.121 0.735 28

Figure 1. Distribution of human loss, at household level
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6 Factors influencing human deaths by cyclone

The five sets of models examined factors influencing the human loss caused by the 2007 flood and
Cyclone Sidr (see Table 3). As mentioned in the methodology section, the first three columns show
the estimation results of the models which separately examine the probability and the level of the

human loss, using the logit model and the Poisson or negative binomial models respectively. On the
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other hand, the columns of Model 4 and Model 5 are the results derived from the hurdle models (or
two-part model) which are the mixture of the logit estimation for the probability equation and the
Poisson or the negative binomial models for the level equations. In order to find the estimation
model which best fits the data, the commonly used model-comparison statistics of log likelihood and
Akeike information criteria (AIC) are computed (see Table 4). These criteria suggest that Model 5
provides the best fitting specification as higher log likelihood and smaller AIC are preferred. Thus,

in this section, we mainly discuss the result of Model 5 in Table 3.

Table 3. Marginal effect and standard error estimates of the human deaths (or cyclone
impact) function: Dependent variable = hloss_d (for Logit) /hloss (for either Poisson or NB2)

Model 1 Model 2 Model 3 Model 4 Model 5
Poisson hurdle NB2 hurdle
Logit Poisson NB2 Logit Poisson Logit NB2
(Probability) (Level) (Level) (Probability) (Level) (Probability) (Level)
Hazard
cyclone 0.0936** 0.1758** 0.1796** 0.1033** 0.2284 0.1033** 0.1273
(0.0371) (0.0870) (0.0898) (0.0408) (0.1900) (0.0408) (0.1235)
flood 0.0018 0.0236 0.0269 0.0016 0.1305 0.0016 0.0663
(0.0368) (0.0638) (0.0645) (0.0410) (0.1044) (0.0410) (0.0731)
Exposure
fsize 0.3171*** 0.7689*** 0.7555*** 0.3483*** 1.0730*** 0.3483*** 0.6012***
(0.0283) (0.0648) (0.0594) (0.0350) (0.0953) (0.0350) (0.1992)
female 0.4213%** 0.6818*** 0.6830*** 0.4628*** 0.0239 0.4628*** 0.0404
(0.0648) (0.1324) (0.1300) (0.0739) (0.2649) (0.0739) (0.1460)
age0_5 0.0472 -0.1174 -0.0974 0.0519 -0.7969** 0.0519 -0.4876**
(0.0970) (0.1743) (0.1720) (0.1066) (0.3170) (0.1066) (0.2389)
age650ver 0.1280 0.4039** 0.3987** 0.1406 0.8225*** 0.1406 0.3962**
(0.0958) (0.1946) (0.1901) (0.1055) (0.2830) (0.1055) (0.1806)
Vulnerability
welfare -0.0457*** -0.0601* -0.0535* -0.0502*** 0.0140 -0.0502*** 0.0185
(0.0175) (0.0325) (0.0299) (0.0192) (0.0916) (0.0192) (0.0449)
wall_d -0.0303 -0.1173* -0.1191* -0.0332 -0.2494 -0.0332 -0.1483
(0.0305) (0.0697) (0.0656) (0.0335) (0.1551) (0.0335) (0.1263)
tv.d -0.0658*** -0.0636 -0.0683 -0.0718*** 0.0723 -0.0718*** 0.0374
(0.0248) (0.0466) (0.0462) (0.0265) (0.0969) (0.0265) (0.0633)
shelter -0.1114*** -0.2390*** -0.2284*** -0.1223*** -0.1765 -0.1223*** -0.1121
(0.0227) (0.0468) (0.0475) (0.0251) (0.1249) (0.0251) (0.0735)
popden -0.0012 -0.0009 -0.0009 -0.0013 0.0065 -0.0013 0.0045
(0.0024) (0.0030) (0.0029) (0.0027) (0.0057) (0.0027) (0.0031)
Number of obs 1722 1722 1722 1722 603 1722 603

Note: a) * p<0.10, ** p<0.05, *** p<0.01. b) NB2 denotes a negative binomial model. ¢) The

interactions of tv_d and hazard variables (i.e. cyclone and flood) are used for the coefficient estimations.

Table 4. Model selection for a level equation

Model Log Likelihood AIC
Model 2: Poisson -1545.67 3117.34
Model 3: Negative Binomial (NB2) -1523.19 3074.39
Model 4: Poisson hurdle -1515.20 3082.40
Model 5: Negative Binomial hurdle (NB2 hurdle) -1499.48 3052.96

Note: Akeike information criteria (AIC)
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6.1 Hazard and human deaths

Our estimation result found the positive correlation between the wind speed of Cyclone Sidr and the
probability of the human loss. But the flood affectedness by the cyclone was not found to
significantly increase its probability though the effect was positive. Contrary to expectations, this
study did not find a significant influence of the intensities of the wind speed and the sizes of flood
affected area on the level of the human loss among the household with dead family members, which

is significantly determined by household exposure to the cyclone.

6.2 Exposure and human deaths

The factors related to the exposure, particularly family size, significantly affect both the probability
and the level of the human deaths by Cyclone Sidr. The greater the number of family members is, the
household has a higher risk of losing their lives. This is a predictable result. With regard to the
influences of family composition, this study confirms that the households with higher shares of
female have a greater probability of having a loss of their family members. This is explained by the
fact that female is more vulnerable in Bangladesh mainly because of its social and cultural aspects.
In the past studies, women’s willingness to stay their homes even during cyclones, a mother’s
protective instinct to save her children, and women’s clothes (i.e. sarees) and their long hair hinder
movement while trying to swim in tidal waves have all been cited as reasons for the higher risk of
death (see Alam and Collins, 2010). In addition, Sharmin and Islam (2013) also mentioned that
female’s limited decision-making processes increases their vulnerability to natural disasters. For
example, in the face of the cyclone and flood of 1991 in Bangladesh, warning information was
transmitted by men to men in public spaces, but male members rarely communicated to the rest of
the family. Even women were not allowed to leave the house without male, and as a consequence
they perished waiting for their male members to return home and take them to a safe place.
Moreover, as in many other Asian countries, most Bengali women have never learned to swim which
significantly reduces their survival chances in case of flooding. Furthermore, women often do not go
to the cyclone shelters due to an insecure environment there and hence, they prefer to stay back
home during a cyclone. Such deliberate actions were results of social insecurity. The study also
found that the share of the elderly persons has the positive effect on the number of human deaths
while the share of small children shows the opposite role if they lost the life of at least one family
member. The elderly have a tendency to dismiss warnings in a cognitive process framed by
situational factors, such as compromised mobility and media access (Gruntfest, 1987; Paul, 2012). In
general, past studies have stated that children are also vulnerable to cyclones. However, Alam and
Collins (2010) mentioned that mothers have protective instincts and are prepared to die trying to

save her children.
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6.3 Vulnerability and human deaths

The household vulnerability factors were found to only influence the probability of the human loss
caused by Cyclone Sidr. The important findings to derive from our estimation models are that the
households with access to cyclone shelter and disaster-related warnings significantly have the lower
probability of experiencing the loss of their family members. An improvement in the access to them
could contribute to a significant reduction in the cyclone victims. Moreover, strong evidence of the
greater death risk was found for poorer households. This can be explained by the fact that poor
households are less likely to have access to multiple media or certain technologies, thus inhibiting
reception of cyclone warnings, and also to live in the areas with more vulnerable to the disaster, for

example those near from the river or along the coast and those without land elevation.

7 Conclusion

This paper has given an account of the reasons for disaster vulnerability in Bangladesh, which is
particularly prone to the disaster by tropical cyclones and associated storm surges. In order to reduce
disaster vulnerability and promote resilience against tropical cyclones and associated storm surges,
several efforts have been taken in Bangladesh: cyclone preparedness programme (CPP); construction
of cyclone shelters and killas; early warning systems; coastal embankment project; and afforestation
program. The purpose of this paper was to investigate the extent to which factors contributed at the
household level to human loss caused by 2007 flood and Cyclone Sidr in Bangladesh. In doing so,
the paper mainly exploits the panel data of Bangladesh Rural Household Survey conducted in 62
villages under 62 Upazilas from each district of the country in 2004 and 2008. First, the results of
this investigation show that there is evidence that the existence of cyclone shelters significantly
contributed to saving lives during the 2007 flood and Cyclone Sidr. Second, the finding of the study
revealed that the access to disaster-related warnings matters. The ownership of a TV set has an
indispensable role to save local people in that regard. Lastly, family composition, particularly the
shares of female and the elderly in a household, was found to significantly influence the human loss.
In order to reduce the number of deaths, further attempts with the community-based supports and a
change in the cultural mindsets are needed to save greater numbers of the elderly or female cyclone

sufferers.
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3. 1984 FFOZF AT OFIEOWHEICLHIENBER~OIEN R THY . BIEME
O E S FERFHICHIEE T, 0%, BEFEORBANEZXEZLFST T, ERIEL
F TR BERI R SRIRH 2 BT 2 BRI S v, 1987 FIC TEHERE®EO
IREBIWZEET D] WS Lz, T ok (GEFF JDR 15, JDR: Japan Disaster Relief) #%
ik, EREF—LITMA, KaBhzd B E T 28T — & L K FEEZ OB 2 725k
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~OPEFET ) EMETFT — 2N EBRBE RO ER L ol

OB RE R L 7o 7o DX 1992 o TE R0l 7715 ) GEFR PKO 15 PKO: Peace
Keeping Operations) DK T&»H 5, PKO {EiZH 2 EOEHEEfMERGE) (PKO) ~D &N
AAREICTADICHESNTEETH L, ZoFHOBERET, EERBRAEKE OBRIC
DNTHABEA L, TJDRIFBIZFEARKFELOHFICER L2WABLKFICHEHA IS ) EES
THBA L7z, ZOREER, 1991 FO 7 L FERIEEZZHZIC, HFICLIVBELLERSE
WHEEE R~ DO X RITERER GBI RIC L D2 KO EHN TH D L) O, — K7 T iR
FIHE o7, £72 PKOE L FIRAIZ JDRIEBWIE S, BN EERSEUIEE) 21T 9
ZENHEREE R o Te, T DORFICHESL Lo REIT BAEICE D £ THEARMIZZED > TR,
2000 FELARE . RS THRAT 2 K FITWMEL L, DPE G ZOHEANBOIRIE., WE
ofth | BE (RAaBEES) o5 2HAEDLE TG L TEk, FTH 2004 4F 12 H
RIZHE LA~ T HE - EEREICR L, B, KB, %, AfES%E
Ab¥, RRBEEOA XL —va VEER L,

3. EREAANEXEOHE DM L

(1) BVWERLFE—LEBSEFOERT— &

AR THRIEDORRZ LI N SN2 EFETF — 2 (JMTDR) (X, W< DD HEAR
JRANZ > TEE SN TWD, 2OHE—1X, FrE. W¥E, B, EELMHLT. @AD
BREOBERICESS BEANC LV MBS LR T 228, £ 21X, 2APRCHEEE S
RCESWTTET L2 ThD, ZORANCESE, BIE, KEEROE - AEFLTF—
LDAT T N—=T L Looh | BREFHOK L RHEMMEZ RO 1,000 4 282 5 A OGF
EREFEEZET) BDEERL TV D, ERHBEBRERE KT 28 AES, BERERE 2%t
THHEMBIOPHRIE FE3E) ICLD, F— LETBHEXSCRE I RORELZH > TV
D, ERF—LPIREIND Z L ICHANBHE S, ROBHEIZKB I LTV S, Fifr
BERED AN 72 E DAL RICH R ATV D,

B2, A OMHASCHERICE W TEBEREEL AT 2 2 &, SO ERKAEL ORI %
Hig T 2t L EEARLAFAITHY . BLHOERMEIE LZEE THOET 2 2 0 ) H
MRS & I STV 5,

(2) ERREREICH > TEEINZKBF— A4

JDR VBRI . BB T — 2 O Y OIRE L, 1990 FF DA F7 U HIERETH -7, Z DOIF
DEEIEDT M 16 L O/NBIE T — L7257, BUE, BT — 21X 70 ZFOMA & 72D |
LAF 2 —REZT TR, BERAELCEFEMOMETMEME L EOLMK L 2o TWV5D,

O XD RRENT B S 4T & Tl I EERE R KB AR 7 v — 7 (International
Search and Rescue Advisory Group: INSARAG) DIFELEDN 5, INSARAG IX. 1988 FF D7 /L
A=THIRICH T 2 EBEXEORIL AT RIC, MEERLZLGETIENEE > TEo72A
VI d =ity NU—27 THY AN A N2 JICA OF FRHE b4 2 #H ATV,
EE AE M EFAEEZEFT (0ffice for Coordination of Humanitarian Affairs: OHCA) 73,
HER Lo TS, INSARAG X, FEODF— AP ERIKR % 2 X & i v ~r, kkk -
K, IRIEPSHIICE DL ETOFIE, REORMA~DOBINGiEREETA KT 4 &
LCEewdlebic, FEDORNEZNETDOOBE (7 « LE=2—) %L T
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W5, BARDORBF — 21X 2010 EICHKRE LV THDHNE—« F—AICRES NN,
DBIE T, A KT A &S KR TTbh iz,

it\aﬁi E A 8T 2 R OV A T dh 2 EE K EFAFRE T — 2 ~DHEA D
Bek - JRIEC, EEZESTOZEMICH., HMBICHEBKL T b,

(3) NGO IZ X 2BBAEXBOIEK

EEEMICBEANELEZIT) DREDO NGO X, W RO THRIEEZBICH LS &
ENTWDN, ZO%MEIN TANEZEEIT O NGO ITHR X ITH 2 TWho 7z, L LEIO NGO

T+ RMEOHENTERNEWVIHIMRH Y | TOFRD T, 2000 412 NGO, B
B, BEONR—=FF =y IR VEBRAEXRELZRBET 2200 Y N - FF v b7
* — b mw)ﬂ XNLS T,

EERECIE, EEER T - R A sl EERR 7B S K OEEE NGO 23 N JE D
hﬁt®ﬁ%%ﬂﬁbtfﬁ@ﬁ%J%1%4¢;%mbt#\ﬁﬁauﬁW@ﬁ®H$@
N%%ZB%%%TM%(ﬁﬁAWTiSBI%%iﬁﬂ\ﬁﬁmmﬁl%7ﬁﬂz747'
TuYel bESDL BT, TNEERE NEOXIGICB T S RIEERE) (A7 407 - 22
ﬁ—P)%%EL\%m3E_iAﬁi%@ﬁ%%&%ﬁkﬁék@@LNE%%%EN—
NF—y FIERBEE LT, 2006 00 [ AGESHE] Tl NESCERICE D 5 EEM#EE ., B
FFHERE R ONEIBR NGO N3 217 T AZ —IZ@ L., EMIEALCHEEZITH) LS ABNEA
ENnf, T Oo—HOBXIZE L, HARENTIXEJFHE LV b NGO N TEAENIRE L
TW5,

4. DREOERRSAAEXEORE
(1) BRKFICL2BERICIA T I2RAIBOAFHNRIE ORI

HARK TR 2 EBE S CId, KEREZROKIEZ T Tl < Bk - Bk, KERAE
RFoxtin, H - #@#llZz —2DHh A 7Ll bz, ZORTOWRIZENTY A 7RI
BT HZEBRROLNTWD, DAREIT, 1980 L0 BLK - BERICHT 2 & &H ) -
Biith a3 L CTE TR, A~ b7 HHE - HEO A FTHE (2010 4F) FEo0EH -
B L BEBIIZIT> TWD, FFICKENPOEIR - Bl E coMMEi2HE< 725 THEH
DRV #EHAL, KEREEZLOEE - BHOLODO=—XHELEET 5728
DLRKREITH->TWVAH,

LOLBNSs, EOSG N OREOWMBEEL SSIICRL L, HIB - HEIZES ET
DIEFERI 72 BT LI TN D EITE WEEV, & EETORBE e KERAERITIT, #hK
HENIEFREEICR D ET, RMMICOE 2B #AEEL XL L2 RERINDHIEN
Zxbn, £O LG, BYYE, MEROMEE, ShE~ORE, X8, REOHE,
KA, NHESLEROBLENLO TR 28 Fkx RERICET 2 XENLETH D,
2O LRI L TR ANEE P EERBESE 2R H L CERT 5 BEEE ST ). NGO
DIFEENC L > THSIC I R—=ENRTWDE D0, FiE=— X OaFE 72 AL 5%f & 5
ERELTZ D ZTOXEE T o TR,

%@Jﬁlk LTW 200N Ex NS, 1L, bREOBURE., BUFEERE. H

(BT 2 TRE 23S ~OFRWEEL ] Thbd, BAa] NEXREWVI AP RT LD

%ébt“*’ﬁbf%f’ﬂf?é ClifEE R TEX B~ TH DL,
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BMHHPB T ZORRICONVTIEEENLGNR L TH D, F ORI, FITHOPEDE
SANEEORELICHRT 228, BUFNEEEIR - JRIETE 2 ABOMFHEEE N, EANT
FHEEFBLZFOEMICL S TRV LT DHENI ZEThHD, T OFEMITMEN T ANIEXL
BEITO Z LI b L2 EFE M T vaiic, WEHMLEL 2L I 2580,
INHOZEND, BANEXEIT [—@8EOAL XU b 20V RLTHD, I TOA
BEXREARFELT D NGO THNLEREVWIENATRETH LD T, 5%IINGO & FHERT
L—Y—D—8& L TBUNOXISFHEOFIHAANL TN LW T fENRT 7 e —F
DLETHA I,

(2) HEER DO NE G~ X DAL

Biih @ PKO VED RS 2 #61Z. A ER O NEEH (Complex Humanitarian Emergency)
I LTI, JDRIED FTOANREITITOI TV e, )5, PKO JEDSE 8 5 [E B F-Fuih
NEBEOFITIX, EHH# PKO ~OS I, EEEHFRIGECE RN 2 NERES L 5 £
NTWb, LnL, ZNETOERE LD &, NEEIEENIL. 2003 F0 A T 7 K RK
BEERBICUBRIZITON TR, ZOMO NELE~O T, NEBRFRSFTE T 25 FE
VRt B OWEA G SR DS ERERE B SR TYT ) RAEEESW L. NGO N H
FHNZER T 2EHICL > THbILTWD, 22T E=— XD & 3285 O KRG
RELWHIWFEMNRT Z7a—FRNRKIMLTW5D,
NBEWOIBENDRIVE, BREBICLDWRE L HFICLVEREEZ T AL E
XA L THD ZEIEARRTHY, FLXEOARBMETCRELLEDLDL LD TIER,
TR OO L 1T HF 2 KT TAEXE E L THELIFR LT D7 —2
WEEAETHD, YITHELED, BRKEFELV LD LAMFICLVIRA R EEL X
T NA DB Z TOWDEALE, 20 B W Bl 2 RAETHERS LD TIEnwnre b s,

5. SBDOERE

AFRTRE L HKEFOSLGITL > TZ ) IZo0TE, 6T HRAARRERICSK
. ENBEREICRBESIND Z LI o7, BEICHRBR L Z LBV OBEEEATE O
PR AEMICEDL 2 BERORIZ T TIERMIZ IR WL h=—XNb b & Fiz,
PRFDONESCE 2T LD ORIKBOIKENLT LRI NN o722 L7 ERR
WSz, ZoXdeRBExlc, BARENOKEIGICHERET AL & W TAEX
BEEIT>TVDANX ORGIZHBEOMBERNAEE, SEEICAT TR RIFER 2SN
W5,

O LIEMROBEN, FROENKEDRR LT, B TOXRICHLIFEHI N 25
X, TN OR 2R OBRICEEHEE 2 R-Z25 LT 200 EOEENESEDO TR
LA EIZORN b0 EMEEEIND,

BTN
- [EBRW O EEM11983], THER LATE) : b o R Y 7 HERBIEENR 1095 H O itk ]

ARZHEIR[1988], [ZEAMSHAEER —EEZ B2 2 ANME]D , 51 HHE+

MHEE[2009], TJDR & PKO: KT DT HZENTEL200? ), [HFH ALBOR]

¥ 34, 59-T4 H

PRER[2012], THARDOEHBRBEEEY 30 FE2RVIKD ] , [H52] ,Vol.17,56-63 H
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