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PREFACE
 

This report is one in a series of reports covering the immediate riverine lands of the major rivers of 
Bangladesh-tlie Jallna, Ganges, Padmla, and Meghna. Riverine charlands are defined in this study as 
areas frequently subject to erosion and accretion within and adjacent to the main rivers of Bangladesh and 
unprotected by embankments. The Charl -id Flood Proofing Study consists of a survey of flood impacts 
and responses to flood loss mitigation in two study areas of (ie Brahmaputra-Jamuna charlands. The 
feasibility of possible flood proofing measures in two specific char areas is assessed. 

The full set of charland reports is shown in the table below. 

Overview R(.-ports Inventory Reports Other Reports 

Chalrland Summary lie Dynamic Physical and HIuman Environment Upper Jamna (Brahmaputra) 
Report of Riverine Chalands: Brah i;natit ra-Januina Charland Socio-Economic RRA 

Charland Socio- The Dynamic Physical and luman Environment Middle Jamuna Charland Socio-
Economic of Rivrine Charlands: Meghna Economic RRA 
Summary Report 

The Dyna mic Physical and IHuman Environment Upper Mcghna Charland Socio­
of Riverine Charlands: Padnma Economic RRA 

The Dynamic Physical and luman Environment Meghna Confluence Charland 
of Riverine Charlands: Ganges Socio-Economic RRA 

Padma Charland Socio-
Economic RRA 

Ganges Charland Socio-
Economic RRA 

Charland Flood Proofing Study 
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GLOSSARY 

acre - Acre = 0.4047 ha 
aman - Late monsoon season paddy planted before or during the imonsoon and harvested 

Novemiber-Decenber 
anin - Land surveyor 
arat - Wholesale shop 
aratdar - Wholesale trader with warehouse 
aus - Early monsoon paddy planted in March-April and harvested in June-July 
B. aman - Broadcast aman paddy, usually grown in deeper water 
bangsha - Lineage-mates 
BARC - Bangladesh Agricultural Research Council 
bari - A homestead, usually consisting of more than one stncture arranged around a central 

common area 
BBS - Bangladesh Bureau of Statistics 
BDR - Bangladesh Rifles 
beel - An area of open water away from a river 
bhatiya - People from downstream 
BIDS - Bangladesh Institute of Development Studies 
bigha - A local unit of area most commonly equalling 0.33 acre or 0. 14 ha 
bir - Stable 
boro - Dry season paddy transplanted in December-January and harvested in April-May 
BRAC - Bangladesh Rural Advancement Committee 
BTM - Bangladesh Transverse Mercator (map projection) 
BUET - Bangladesh University of Engineering and Technology 
bustee - Slum 
BWDB - Bangladesh Water Development Board 
chaura - Original settlers in the Ganges char areas 
china - Panicum iniliaceun, a variety of millet 
chowki - Bed/platform 
cumecs - Cubic meters per second 
dacoit - Bandit 
dal - Any of a variety of pulses (lentils); a high-protein food staple usually eaten with rice 
decimal - Unit of area equal to 0.01 acre 
denga - Land near a river 
dlesh - State, locality or district of origin 
deshi - Original settlers in Ganges char area 
DEM - Digital elevation model 
dhaincha - Sesbaniaaculeata, anitrogen-fixing plant used as live fencing, fuel, and building material 
diara - The low bank of a river 
district - A large administration unit under the authority of a Deputy Commissioner, now known 

as a zila 
doba - Submerged 
EIA - Environmental Impact Assessment 
FAP - Flood Action Plan 
FCD/I - Flood Control and Drainage or Flood Control, Drainage, and Irrigation 

fitkiri - Alum 
FPCO - Flood Plan Co-ordination Organization 
FWC - Family Welfare Centre 
GIS - Geographic Information System 
GPS - Global Positioning System 
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goala Person trading in dairy products 
gur - Locally produced molasses 
gushll - Lineage-mates 
haor - Deeply flooded basin of NE Bangladesh 
hat - Periodic market 
hectare (ha) - Hectare = 2.4711 acres 
hoga - A bulrush (Typhus angustata) used for making mats 
HSC - Higher Secondary Certificate 
ITW - Hand tubewell 
HYV - High Yielding Variety 
ISPAN - Irrigation Support Project for Asia and the Near East 
jangal - Ground cover shrubs used for fuel and as herbs 
jhau - Tamarisk bush1 used as fuel and an herb 
jotdar - Landlord 
JPPS - Jamalpur Priority Project Study 
kabiraj - Traditional healer 
kaisha - A variety of catkin grass (Sacc/tarum spontanewn) giving three cuttings a year 
kani - Local unit of measure equal to .13 ha (.33 acres) 
karati - Saw operator 
kash kaisha 
kayem, kayeni - Permanent, old, or established 
kaon - Fox-tail millet 
kdias - Publicly owned 
kheya ghat - Local boat landing point 
kal - A drainage channel or canal either natural 
kharif - Summer/wet season 
kilogram (kg) - Kilogram = 1.11 seer 
kilometer (km) - Kilometer 0.625 miles 
kutcha - Flimsy construction of a temporary nature, 

or similar materials 

or man-made 

in the chars usually of grass, bamboo, straw, 

lathiyal - A stick-wielding private army employed to carry out the will of a locally powerful leader 
macha - A raised platform 
matsuhkalai - A type of pulse (lentil); see dal 
matbar - Leader of the local community 
maund - A unit of weight, I Maund = 40 sheer = 37.5 kilograms 
mauza - A village revenue collection and cadastral mapped unit 
MCSP - Multipurpose Cyclone Shelter Program 
mile (mi) - Mile = 1.6 kilometers 
MPO - Master Plan Organization (of Ministry of Irrigation 

Control), now called WARPO (see below) 
MSS - Multi-Spectral Scanner (Landsat satellite sensor) 
musur - A type of pulse (lentil); see dal 
nara - Straw 
NGO - Non-Government Organization 
PACT - Private Agencies Collaborating Together 
paiker - Wholesale trader 
para - Neighborhood 
PoE - Panel of Experts (of FPCO) 
pourashava - a municipality, usually the urban center of a district 

Water Development and Flood 

pucca - Sturdy construction of a permanent nature, usually of such materials as brick, concrete, 
or corrugated iron sheets 
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rabi - Winter/Dry Season 
RDRS - Rangpur Dinajpur Rural Service (an NGO) 
REIS - Riverbank Erosion Impact Study 
return period - average interval in years between floods of a given magnitude 
RRA - Rapid rural appraisal 
sadar - The urban core (administrative headquarters town) of a thana or district 
salish - local informal court 
samaj - Society, community; an informal arrangement between members ofa community whereby 

each member has certain rights and privileges 
sarik - Co-sharers 
SCI - Service Civil International (an NGO) 
seer - A unit of weight = 1/40 maund = 0.94 kg 
shabuk - Ancient 
short - A variety of grass (Itipyerata cylindica) giving one cutting a year; also a generic term for 

thatching grass 
SPARRSO - Space Research and Remote Sensing Organization 
SPOT - System Pour Cbservation de la Terre 
SRDI - Soil Reso..ces Development Institute 
SSC - Secondary School Certificate 
tahsil office - Local land recor and revenue collection office 
Taka (Tk.) - Bangladesh currency, US$ I equalled approximately Tk. 40 in late 1992-early 1993 
T. aman - Transplanted aman paddy 
thana - A sub-division of a zila, or district 
til - Sesame (Sesainum indicum) 
tishi - Linseed 
TM - Thematic Mapper 
ton - An imperial ton = 1,016 kg 
union - Sub-division of a thana 
upazila - Previous name for a thana (subdivision of a zila or district) 
stha - Bitter gourd. (Motnardicacharantia) 

uthuli - An informal contract between a landholder and a temporary migrant, under which the 
migrant is allowed to shelter on the landowner's property in exchange for labor services 

WARPO - Water Resources Planning Organization 
WHO - World Health Organisation 
zamindar - Landlord 
zila - A large administration unit formerly known as a district 
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EXECUTIVE SUMMARY
 

The Charland Flood Proofing Study, part of the 
Charland Study series, was undertaken to examine 
in more detail some of the issues raised by the 
charland inventory and socioeconomic studies and 
to identify and assess practical solutions to some of 
the flooding and erosion problems affecting the 
people living in charlands. 

The Charland Flood Proofing Study focused on the 
Brahmaputra-Jamuna river to compliment and 
expand on the work of FAP 3.1 and sone govern­
nient and nongovernment agencies on developing 
the application of flood proofing in charlands. The 
study covered two areas, one comprising 148 
mauzas adjacent to Bhuapur in the lower Jamuna 
and the other comprising 57 mouzas north of 
Kurigram in the upper Jamuna (Brahniaputra). The 
study iacluded a formal sample survey to obtain 
detailed household-level data on flood losses and 
household-level impacts; 150 households were 
interviewed in each of the two study areas. In 
addition, tie flood proofing requirements of two 
specific char communities were analyzed as case 
studies. 

The results of the survey show that households in 
both study areas suffered major losses in the 1988 

flood. The average homestead losses were Tk. 
7,581 per household in Bhuapur and Tk. 5,300 in 
Kurigram, which is equivalent to about six 
months' agricultural wages (a summary of the 
1988 and 1991 losses appears in the table below). 
The average gross agricultural losses per house­
hold were Tk. 12,886 in Bhuapur and Tk. 8,830 
in Kurigrani, which is equivalent to about a year's 
agricultural wages for each area (allowing for the 
lower wages in Kurigram). 

Even in the much smaller flood of 1991, which 
was close to a normal flood, average homestead 
losses were Tk. 1,082 in Bhuapur and Tk. 423 in 
Kurigram, or the equivalent of about one month's 
agricultural wages. The average gross agricultural 
losses per household were Tk. 4,487 in Bhuaplur 
and Tk. 3,503 in Kurigram, or the equivalent of 
about three month's agricultural wages. 

The continuing vulnerability of char households to 
floods and erosion renders most families unable to 
make significant improvements to their lives 
because they find it necessary to allocate available 
resources to recover from the effects of flood and 
erosion. For example, livestock are a main eco­
nomic activity, yet the number of livestock in the 

Summary of Mean olusehold Losses (1988 and 1991 floods) 

Bhuapur Kurigram 

1988 (Tk.) 1991 (Tk.) 1988 (Tk.) 1991 (1k.) 
Housing Damage 3,238 514 2,031 242 

Livestock 2,142 214 1,015 47 
Boat Damage 83 200 25 3 
Tree Damage 1,295 95 793 87 
House Contents (including food grain) 818 29 1,153 36 
Temporary Shelter 223 30 283 8 
Total Homestead Losses 7,799 1,082 5,300 423 
Crop Losses 12,886 4,487 8,839 3,503 
Total Losss 20,685 5,569 14,139 3,926 
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char areas has decreased significantly since the 
1988 flood. Some of the reduction may be due to 
losses in 1988 and subsequent floods, but most of 
the decline seems to be due to distress sales 
following the floods as people have sold cattle to 
raise money for other, more pressing, expenses. 

The problems char people face during floods 
would be greatly reduced if they could stay in 
their own houses or, alternatively, move to con-
munity flood shelters nearby. Analysis undertaken 
in the two case studies shows clearly that raising 
house floor plintli levels and constructing flood 
shelters are technically feasible and give good 
economic rates of return. Raising plinth levels 
costs about Tk. 500-650 per house and gives an 
internal r,!te of return (IRR) of 39 percent in 
Kurigram and 92 percent in Bhuapur. Flood 
shelters cost between Tk. 100,000 and Tk. 
250,000, depending on the size of the community 
served and the facilities provided. The shelters 
have rates of return of 34-64 percent if facilities 
are used for multiple purposes and the shelter is 
not lost to erosion within tur years. Actual costs 
and returns may differ from these estimates de-
pending on the communities and flood risks in a 
particular location. The rates of return presented 
are based on financial c. sls, bult economic costs 
are likely to yield simiiar results as there are no 
crop benefits and mainly local materials are used 
for housing. 

These flood proofing measures would have signifi-
cant social effects, as they would benefit all 
income groups. At present, poorer families are 
particularly vulnerable to floods and erosion and 
often have to evacuate their houses and travel 
considerable distances to seek refuge. Local relief 
committees may pay some of their evacuation 
costs, but households generally have to bear most 
of tie costs, as well as the subsequent cost of 
rehabilitation once tie flood has receded. 

For comparison, of the 17 FCD/I projects studied 
in FAP 12 (only two of which had irrigation 
components), only nine gave rates of return of 
more than 22 percent, and the "best" project gave 

a rate of return of 90 percent. Furthermore, the 
investment on the 17 projects analyzed ranged 
from Tk. 3,720 to Tk. 43,302 per household (the 
highest figure being a project with an irrigation 
component), with average being about Tk. 6,000 
per household. Therefore, investment in flood 
proofing can give similar if not better rates of 
return than investment in FCD schemes at a much 
lower cost per household. Another consideration is 
that investment in FCD schemes vould mainly 
benefit landowners and farmers, while flood 
proofing would benefit all households, including 
the most vulnerable groups in a community. 

The main recommendation of the report is that 
flood proofing programs should be undertaken in 
char areas to reduce the vulnerability of house­
holds to floods and erosion. This will require 
initiatives on the part of local government bodies 
and NGOs. Initially, pilot programs lasting two to 
three years are required to develop the institutional 
arrangements for implementing flood proofing 
measures. To accomplish this, it may be necessary 
to mobilize the support of the Local Government 
Engineering Department (LGED) and the resourc­
es of food-for-work programs funded by the 
United States Agency for International )evelop­
ment (USAID) and the World Food Programme 
(WFP). In the longer term, more general develop­
ment programs including the provision of credit 
will be required to improve the income of char 
people and allow them to undertake their own 
flood proofing measures. 

The FAP regional studies have previously identi­
fled areas where major structural flood protection 
measures are not feasible, and these areas were 
earmarked for flood proofing activities. Prior to 
the regional studies, no study was made of poten­
tial flood proofing measures and their costs and 
benefits. Given tie evidence of the Charland Flood 
Proofing Study, flood proofing is technically and 
economically feasible even in the charlaids, where 
there are high erosion risks. Flood proofing may 
also be appropriate in other unprotected flood­
prone areas. Flood proofing has been proposed 
before, but it has not been given serious attention 
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by the public sector for riverine areas (unlike 

cyclone shelters in the coastal belt). There is an 

urgent need now for a government agency to take 

up, at least on a pilot basis, a flood proofing 

program before another major flood occurs and 

people in the unprotected floodplain again suffer 

A small investment in labor-inten­severe losses. 
sive minor structural works would help mill ions of 

cope with severe floods. Flood proofingpeople 
would be the initial step in reducing vulnerability 

once its success has been demonstrat­to flooding, 

ed, other measures for economic development
 

could be added.
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Chapter 1
 

INTRODUCTION
 

1.1 Background to the Study 

1.1.1 History 

The original design of the Flood Action Plan 
(World Bank, 1989) included among its compo-
nents a socioeconomic study ,fthe active flood-
plains of the Brahmaputra-Jamuna, Ganges, Pad-
ma, and Meghna rivers. The active floodplain was 
defined at that time as areas within the main river 
channels and nearby areas of mainland, both of 
which are frequently subject to erosion and accre-
tion and cannot be protected from floods. The 
aims of the active floodplain study were to: 

* 	 assess present agricultural practices, settle-
ment patterns, and disaster responses; 

" 	 estimate the number of affected house-
holds on chars (mid-channel islands creat-
ed by accretion) and within a short dis-
tance of the riverbanks; 

* 	 estimate the number of households on 

existing embankments; and 
* 	 prepare guidelines to be used in feasibility 

studies to ensure that project planning took 
full account of the active floodplain popu-
lations. 

As the detailed terms of reference for FAP 14, the 
Flood Response Study, were being drawn up by 
the government of Bangladesh and finalized with 
donor agencies, it became apparent that the intend-
ed study would not be possible before a more 
general study was undertaken to establish the 
context in which flood response occurred for the 
full range of flood environments inside and outside 
the chars. In addition, the active floodplain study 
required the use of remote sensing data and satel-

lite image interpretation, but the facilities and 
trained staff to achieve this within the FAP would 
not be ready until at least late 1991. 

During 1991, the first full year of FAP studies, 
the regional studies were unable to devote suffi­
cient resources to the specialized work of socio­
economic study of the active floodplain, and they 
used the banks of the main rivers as their study 
area boundaries. In tie other FAP studies, only 
FAP 3.1, the Jamalpur Priority Project, undertook 
detailed socioeconomic studies in the active flood­
plain of the Jamuna adjacent to their project area, 
and FAP 14, the Flood Response Study, carried 
out socioeconomic surveys in 10 villages located 
in active floodplains. 

Finally, in 1992 ISPAN, on advice from the Flood 
Plan Coordination Organization (FPCO), agreed to 
undertake an inventory of resources and people in 
the main Jver charlands.' The inhabitants of the 
charlands, who are exposed to floods and erosion 
during most years, are among the most hazard­
prone people in Bangladesh. Reliable information 
about char areas and the people who live in them 
has always been scarce, partly because of the 
difficulties in accessing the chars and their con­
stantly changing environment. Past interventions 
that have altered the flows in the main rivers for 
the benefit of communities on the mainland have 
tended to ignore the impact of such interventions 
on the people in the charlands. In addition, the 
particular needs of the people living on the char­
lands have tended to be overlooked in programs 
aimed at reducing the impact of floods. The 
Charland Study has been undertaken to provide 
more information about the people living in the 
charlands and their environment. 
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1.1.2 The Charland Study 

The Charland Study is a special study under the 
Bangladesh Flood Action Plan (FAP). The study 
was executed jointly by FAP 16, the Environmen-
tal Study, and FAP 9, tie Geographic Informa-
tion System (GIS), both of which are undertaken 
by the Irrigation Support Project for Asia and the 
Near East (ISPAN) and funded by USAID. 

The Charland Study has two objectives. The first 
is to develop databases and a geographic informa­
tion system (GIS) that can be used as planning 
tools both for dirt. t interventions in the charlands 
and for other interventions (such as embankments)
that may affect the char areas. The second objec-
tive is to use the data collected, along with addi-
tional socioeconomic studies, to make general 
policy recommendations for the charlands, includ-
ing potential flood proofing measures, and to test 
and develop means of rationally assessing the 
potential benefits of flood proofing measures in 
these areas. 

The 	study consisted of five tasks: 

* 	 Making an inventory of resources, people, 
and infrastructures in the Brahma-
putra-Jamuna, Meghna, Padna, and Gan-
ges charlands and collecting additional 
information on hazards (led by FAP 16).

* Using digital satellite images to analyze 
physical changes and land use in these 
areas, and integrating this analysis with 
inventory data using a GIS (FAP 19). 

* 	 Conducting supplementary socioeconomic 
studies using rapid rural appraisal (RRA) 
methods in six river reaches (building on 
FAP 14, tie Flood Response Study). 

* 	 Conducting detailed studies of flood losses 
and flood proofing potential in two areas 
along the Jamuna River (building on FAP 
23, the Flood Proofing Study). 

" Integrating the results of the above tasks 
into a comprehensive report. 

The areas covered by the Charland Study are 
shown in Figure 1.1, and the reports comprising 
the study are listed in the Preface. 

The Charland Flood Proofing Study was undertak­
en as part of the Charland Study. Its purpose is 
twofold: to look into some of the issues raised in 
the inventory and socioeconomic studies in more 
detail, and to identify and assess practical solutions 
to some of the flooding and erosion problems
affecting the people living in charlands. 

1.2 	 Outline of the Charland Flood Proofing 
Study 

1.2.1 	 Definition of Ilood Response 
and Flood Mitigation 

FloodResponse consists of all measures taken by
individuals, families, and communities to prepare 
for, 	cope with, and recover fioln floods. Mitiga­
tion 	measures taken in response to floods depend 
upon 	the resources and understanding available in 
a particular flood-prone environment and consist 
of both 	technical and social measures. Technical 
measures consist of physical alterations or adjust­
ments to prevailing conditions, and social inea­
sures consist of mobilizing family networks, 
friends, 	 patrons, jobs, credit, etc. Understanding
the way people respond to floods under existing 
conditions is an essential prerequisite for planning
future interventions that are designed to mitigate 
the effects of floods. 

Possible flood loss mitigation measures undertaken 
by individuals, families, and communities include 
flood proofing, flood protection and flood pre­
paredess. 

Flood proofing is the provision of long-term, 
nonistructural or minor structural measures to 
mitigate the effects of floods. The objectives of 
flood proofing are to avoid loss of human life, to 
reduce the disruption of normal activities during 
and after a flood, and provide people with tie 
security and motivation necessary to make and 
sustain improvements in their economic and social 
welfare to achieve prosperity in an environment 
that frequently floods. 

Structural flood proofing measures include raising 
the floors of homesteads and industrial facilities 
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Figure 1.1 Charland Study Location
 

N 
N -v 

OlA3AMCHINA 

(INDIA *P 

7Brahmaputra 

FAP 2P 

ISPANChar'md tudy-
Flod PooNEU-1-


0N(NS O 6( 1-33O 




above flood levels, providing refuge areas or flood 
shelters, ensuring that water supplies and other 
health-related facilities operate throughout floods, 
designing roads to be above peak flood level, 
providing additional bridges or culverts to improve 
water flows through an area and to ensure ema-
bankments or structures are not washed away. 

Nonstructural measures include institutional mech.-
anisms to coordinate development activities related 
to flood control and drainage, planning develop-
ments in flood-prone areas to take account of 
prevailing hydrological conditions, and ensuring 
that hydrological data and analysis are available to 
those involved with the design and construction of 
infrastructure and other facilities, 

Flood protection is the provision of major 
long-term structural measures that physically 
prevent some or all flood water from entering a 
designated area. Under the Flood Action Plan, 
flood protection does not necessarily mean com-
plete protection from floods, it can also mean the 
provision of controlled flooding and drainage. The 
objective of flood protection is to ensure that 
normal or improved social and economic activity 
can continue within the designated area during and 
after a flood. In Bangladesh, flood protection 
measures involve the construction of earth er-
bankments and appurtenant structures or improv-
ing the flow in drainage channels, as there is no 
potential for mitigating flood losses by providing 
storage reservoirs. 

An essential con-iponent of flood protection is 
effective operation and maintenance of the facili-
ties constructed. Operation and maintenance 
procedures include developing effective institution-
al arrangements, allocating the finds necessary to 
ensure the integrity of facilities, and continuous 
assessment of the performance of facilities during 
floods (for example, patrols to identify embank-
ment erosion). 

The main purpose of most existing flood protec-
tion facilities in Bangladesh is to protect and 
improve agricultural production. Secondary bene-
fits include protecting the life and property of 
communities within the embanked area and utiliz-

ing the flood embankment as a refuge for people 
outside the protected area. 

Flood preparednessis the provision of short-term 
measures for individuals, families, communities, 
and institutions to reduce the disruption and 
damage caused by floods. Flood preparedness is 
primarily the development of service delivery 
systems fo. people or institutions to use before, 
during, or after a flood. Flood preparedness 
measures are designed to ensure the readiness and 
ability of a society to forecast floods, take precan­
tionary measures in advance of a flood, and 
respond to and cope with the effects of a flood by
organizing and delivering timely and effective 
rescue, relief, and other post-disaster assistance. 

1.2.2 Flood Mitigation in Charlands 

In char areas, individuals and communities tradi­
tionally have been left to develop their own strate­
gies for minimizing the effects of floods and 
erosion, but a shortage of resources or lack of 
information about floods leaves many people 
unable to adequately protect their land, posses­
sions, or livelihoods from floods. Even in years 
with average floods, some households are flooded 
and lost to erosion, and income-earning opportuni­
ties are scarce in many places. The rural poor and 
other disadvantaged groups are often more ad­
versely affected by such events as they have 
limited resources to protect their houses from 
fio )ds and their traditional employment opportuni­
ties are more vulnerable to disruption. 

Large-scale structural measures such as embank­
ments and water-control structures are generally 
inappropriate for char areas because of the dynam­
ic nature of the environment, low population 
densities, and low land productivity. Flood proof­
ing measures, however, have the potential to 
significantly reduce the impact of floods on house­
holds and commu nities. Flood proofing involves 
small-scale measures that can be undertaken by
individuals and collectively by the local communi­
ty to avoid loss of human life, reduce the disrup­
tion caused by floods, and provide people with the 
security and motivation necessary to make and 
sustain improvements in their economic and social 
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welfare and general well-being in an environment 
that frequently floods. 

Household flood proofing measures include mak-
ing adjustments to structures to keep water out or 
reduce water entry (such as rai:;ng homestead 
floors above flood levels or improving the struc-
tural integrity of die house), and ensuring that 
possessions-including livestock-are above flood 
level. Community flood proofing measures include 
providing refuge areas or flood shelters and 
ensuring that water supplies and other health-
related facilities operate and are accessible 
throughout floods. Union-, hana-, or district-level 
flood proofing measures include designing key 
roads to be above peak flood level, providing 
additional bridges or culverts to improve water 
flow through an area, and ensuring that public 
service areas such as markets, clinics, and schools 
are above peak flood levels, 

Flood preparedness and flood proofing measures 
are complimentary, and both are appropriate for 
charlands. Flood preparedness measures include 
the development and regular testing of both flood 
forecasting systems (prediction of the timing, 
magnitude, duration, and location of floods) and 
flood warning systems (delivery of usable and 
credible advance information on expected flooding) 
to inform people of an impending flood. The latter 
would also include plans for evacuation or other 
activities to be undertaken during a flood alert 
period; the education and training of officials and 
the population at risk; the establishment of poli­
cies, standards, organizational arrangements, and 
operational plans to be applied following a flood; 
the securing of resources (possibly including die 
stockpiling of supplies and the allocation of funds); 
and die training of intervention teams. Implemen­
tation of flood preparedness along with flood 
proofing would ensure the full benefits of flood 
proofing are forthcoming. 

1.2.3 Objectives of the Study 

The objective of die Charland Flood Proofing 
Study is to show the potential of reducing flood-
related losses in char areas by the application of 
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flood proofing and flood preparedness measures.
 
Since effective flood proofing should be based on
 
local resources and local needs, the study conduct­
ed a household survey to assess local resources
 
and die magnitude of losses and other impacts of
 
floods on individuals and communities in char
 
areas. Flood proofing measures were then devel­
oped and assessed by combining die results of die
 
survey with information on flood proofing inea­
sures identified by the individuals surveyed.
 

Two important concepts underlying the estimation
 
of benefits from flood proofing and flood pre­
paredness measures are avoidable versus potential
 
loss. Flood proofing can fe used to avoid losses
 
from specific floods, but it will not prevent all
 
potential losses from all future floods. For exam­
pie, flood shelters may prevent loss of human and
 
animal lives and enable household items to be
 
saved, but they will not prevent damage to the
 
houses left by those seeking shelter. Similarly,
 
longer warning lead time may allow people more 
time to take action to mitigate the effects of the 
flood (enabling them to save part of the housing 
structure, perhaps, or even salvage crops that are 
close to harvest), but it will not prevent all losses. 
This study separated avoidable or preventable 
losses from potential total losses so diat the former 
could be quantified for specific flood proofing 
measures. Practical experience of the impact and 
performance of specific measures during severe 
floods will be needed to verify their effectiveness. 

1.3 	 The Cha'land Flood Proofing Study 
Areas 

1.3.1 	 The B.rahniaputra-Jainuna 

The Brahmaputra-Jamuna river was selected for 
die Charland Flood Proofing Study for a number 
of reasons, among them: 

to complement and expand on the work 
already done by FAP 3.1 and some gov­
ernment and nongovernment agencies on 
developing die application of flood proof­
ing in charlands; 
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at the time of the study there was more 
information available for this river as the 
analysis of the inventory data and the 
digital satellite images for this river were 
most 	advanced; and 

* 	 there is some controversy about the poten-
tial negative impacts on charlands of 
improving existing embankments, con-
structing additional embankments and the 
Jamuna Multipurpose Bridge. The Char- 
land Flood Proofing Study would assist in 
clarifying some of the issues involved. 

That the Brahmaputra-Jamuna River system has 
two names in Bangladesh reflects a major histori-
cal change in its course (Figure 1.2). From the 
Indian border' in the north to the off-take of the 
Old Brahmaputra, the river is known as the Brah-
maputra and has within known times followed this 
course. Between 1780 and 1830, however, the 
river changed course from the off-take with the 
Old Brahnaputra (its old course), and took a 
direct southerly route to the Ganges. This relative-
ly new river channel is known as the Jamuna. 

The charland boundary is the alignment of existing 
and proposed embankments along the main ri cr; 
the area within the boundaries currently is unpro­
tected and likely will remain so. The existing 
Brahrmaputra Right Embankment comprises most 
of the western boundary and is being studied by 

FAP I. Farther north, the Kurigram embankment 
forms the study area boundary. The left bank 
boundary is more complex. In the far north, the 
Indian border serves the purpose. In areas where 
there were no existing or proposed embankments, 
such as on the left bank of the Brahmaputra, 
boundaries were defined by natural flc:)d extents 
identified on a peak flood satellite image of August 
18, 1987. Farther south, existing and proposed 
embankments that would form the proposed FAP 
3.1 controlled flooding embankment between the 
Old Brahnaputra off-take and Jagannathganj Ghat 
make up the boundary. Similar existing embank­
ments or proposed alignments were followed south 
of that area. Survey of Bangladesh 1:50,000 scale 
maps, 1989 SPOT satellite images at 1:50,000 
scale, and the 1993 Landsat image were used in 
determining the study area and its characteristics. 

1.3.2 Charland Classification 

This study is primarily concerned with riverine 
charland, the Bengali term for a "mid-channel 
island that periodically emerges from the riverbed 
as a result of accretion" (Elahi et al., 1991), and 
more generally with the active floodplain, which 
is subject to erosion and accretion. 

Land and matizas in the study area were classified 
into the following three main types (subdivided by 
left and right bank as appropriate): 

I = Study Area"
 
Figure 1.3 Charland Classifition 
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* Island chars. 

" Right and left bank attached charland.
 
* 	 Right and left bank unprotected mainland. 

Figure 1.3 illustrates the ,.assification system 
developed for the Brahmaputra-Jamuna charland 
inventory. 

For this classification, island chars are defined as 
land that, even in dry season, can only be reached 
by crossing a main channel of the river. Attached 
charland is accessible from the mainland without 
crossing a main channel during the dry season 
(although crossing lesser channels may be re­
qu-'ed), yet is inundated or surrounded by water 
during the peak of a "normai" flood (normal
monsoon). Unprotected mainland has no embank-
ment between it and the main river and is inundat-
ed during higher than normal floods. Unprotected 
mainland is included up to the extent of recent 
floods or features, such as roads, that restrict 
flooding. Setback land is unprotected mainland on 
the river side of flood protection embankments, it 
differs from other unprotected mainland because 
the embankments may provide refuge during 
floods but may also constrain flood water, thereby 
raising flood levels. 

1.3.3 Survey Reaches 

Two reaches of the river were selected for the 
study. One reach was in the north on the Brahma-
putra in Kurigram district, and the other was on 
the Jamuna near Bhuapur in Tangail district 
(Figure 1.2). 

The Kurigram study area was chosen because: 

* 	 it represents an established, older braided 
river system; 

" 	 it is unlikely to be affected by embank-
ments and other proposed interventions 
downstream; 

" 	 the inventory indicated that flooding was 
more extensive and of longer duration than 
in lower reaches; and 

* 	 a flood proofing pilot project has been 
proposed in this area by CARE, an NGO. 

The Bhuapur study area was selected because: 

it represents part of the newer braided 
river system; 

* 	 floods are likely to be affected by the 
Jamuna bridge, improvements to the Brah­
maputra Right Embankment, and the 
proposed Brahnaputra Left Embankment; 

* 	 the inventory indicated that past flooding 
was less extensive and of shorter duration 
than upstream reaches; and 
NGOs have been active in flood proofing 
and charland development in this area. 

1.3.4 Linkus with Other FAP Studies 

The following FAP studies have been consulted 
and are directly relevant to these two 
Brahmaputra-Januna charland areas: 

* 	 Bralniaputra River Training Study (FAP 
1), bank protection works at Sirajganj; 

0 Northwest Regional Study (FAP 2), right 
bank of the Jamuna; 

0 North Central Re,.onal Study (FAP 3), 
left bank of the Jamuna; 

0 Jamalpur Priority Project (FAP 3.1), 
studies of charlands in the middle reach;

0 Flood Response Study (FAP 14), general 
flood 	impact studies; 

* 	 Bank Protection and River Training (FAP 
21/22), pilot works proposed for Jamuna; 

* 	 Flood Proofing Study (FAP 23), potential 
measures; and 

0 	 Flood Modeling and Management Study 
(FAP 25), details of flood levels and re­
turn periods at gauging stations, and anal­
ysis of impacts of embankment scenarios. 

Potential uses and users of the flood loss and flood 
proofing data are discussed in Chapter 6. 

1.4 Methodology 

1.4.1 Bockground 

The charland flood loss and flood proofing study 
built on the population and resource inventory 
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(which had already been completed for the Brah-
mapura-Jamuna when the survey was designed). 
It was decided that a formal sample survey was 
required in order to obtain detailed household-level 
data not available from the inventory, which would 
enable the estimating of flood losses and house-
hold-level impacts. Population estimates of losses 
were needed for limited study areas, which could 
be used in estimating, on a preliminary basis, the 
potential benefits of flood proofing programs. 

The Jamuna inventory survey, then, provided a 
mauza-level sample frame and background data on 
which to finalize the study areas. Rapid rural 
appraisals (RRAs) were then done in both study 
areas as part of the charland socioeconomic study. 
The RRAs provided more detailed background 
data on some of the villages included in the house-
hold surveys, provided some insight into flood 
impacts and the local economy, and facilitated the 
collection of household lists. Finally, detailed 
topographic-level data were collected during the 
household surveys for a small number of typical 
chars. These data have been used in the case 
studies in Chapter 5. The procedure was as follow: 

* 	 defining the study areas (Section 1.3.2); 
* 	 analyzing inventory data; 
* 	 designing the questionnaire; 
* 	 sampling of mauzas; 
* 	 RRA to collect background data and 

household lists (khana); 
* 	 field updating of household list and house-

hold sampling; 
* 	 conducting the questionnaire survey; 
* 	 entering and verifying data; and 
* 	 tabulating and analyzing data. 

1.4.2 Sampling Method 

Probability sampling was necessary in order to 
estimate confidence intervals for losses, as well as 
to enable testing of the significance of any differ­
ences between the two study areas. The method 
adopted was that used in FAP 12's "Project Impact 
Evaluations" (FAP 12, 1991), which had already 
been approved by FPCO, and which has subse-
quently been adopted by a number of other pro-
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jects and departments including Department of 
Agriculture Extension. 

No stratification was used within the two study 
area-; mauzas could have been grouped according 
to char type, but the mauzas quite often include 
areas of more than one type. Also, in order to 
achieve the same level of precision and confidence 
for samples from each of three land types in the 
two 	 study areas, many more interviews would 
have 	been needed. 

The 	standard formula (Casley & Kunmar, 1988)' 
assumes simple random sampling; this implies a 
list of all households in the study areas from which 
a sample would be drawn. This would be ineffi­
cient 	 in terms of the large amount of resources 
needed to draw up such a list. The method adopted 
in other studies (FAP 12, 1991), and in this study, 
is to 	use a cluster sample. Mauzas are selected as 
a first-stage sample, then households within these 
clusters are sampled. This reduces the task of 
compiling household lists, but there is a loss of 
efficiency due to positive intra-cluster correlation 
(members of the same cluster tend to be more 
similar to one another than to members of other 
clusters). Therefore, there is a trade-off: as cluster 
size 	increases the survey is easier to manage, but 
the number of interviews required is larger to 
counteract similarities within clusters. 

A further complication was the desire in this study 
to have samples within each cluster that were large 
enough to give agencies devising pilot flood 
proofing programs some indication of the variation 
in flood experience and losses within each inauza. 
To achieve this, 10 households per mauza were 
surveyed. A total sample of 150 households (15 
clusters of 10) was taken for each of the two study 
areas (a total of 300 interviews). 4 

1.4.3 Sample Inplementation 

The charland inventory provided a complete list of 
mauzas in the study areas, along with the number 
of households present in mid-1992.5 The first­
stage sample was drawn at random on a "probabil­
ity proportional to size" (PPS) basis, "size" being 
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the number cf households. This avoids biasing the 
results toward mauzas with smaller populations, 
and ensures that each household has an equal 
chance of being selected. This resulted in a list of 
15 mauzas in each of the two study areas.6 

During the RRA, the list of households compiled 
by the union parishads (the khana list, which is 
used 	for determining local taxes) was obtained for 
each 	 of the mauzas. This formed the basis for 
sampling households. When the interview team 
visited the mauza the first task was to update the 
list before the survey. The khana lists needed 
updating for three reasons: 

* 	 erosion and accretion in the charlands 
mean that households move more fre-
quently than those in mainland areas; 

* 	 poor landless households and those living 
on other people's land may be omitted 
from the list since they are not eligible for 
taxation; and 

" 	 the lists are usually a few years out of 
date. 

Updating was done by checking the list with old 
residents of the .mauza, from more than one 
neighborhood (para) where the mauza was large. 
Informants were a;ked whether households were 
still present, or divided, or had left; and whether 
any new households were present. 

Sampling from the updated list was done on the 
spot. A simple linear random sample was drawn 
since the lists were usually ordered spatially by 
homestead (bari).? 

1.4.4 Questionnaire 

Household data was collected using a Bangla-
language questionnaire (the original and an English 
translation are in Appendix A). The questionnaire 
was largely precoded and consisted of about 450 
discrete pieces of information covering the follow-
ing issues: 

* household composition and occupation; 
" land ownership and history; 
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• 	 homestead and asset ownership; 
* 	 flood and erosion history; 
• 	 impacts of the 1988 flood; 
* 	 impacts of the 1991 flood; 

measures used to protect the homestead; 
0 recent erosion experience; and 
0 preferences for flood loss mitigation mea­

sures. 

The survey required a mixture of household-level 
data and opinions from both male and female 
respondents (usually the senior man and woman in 
the household). The interviewers were instructed 
to ask the male respondent at the end of the 
interview-by which time a rapport had been built 
up-for permission to ask some of the same 
questions of his wife. Generally this was granted. 
Sometimes women's responses may have been 
influenced by the men, and sometimes permission 
was refused. In general, though, the data suggest 
that flood impacts on women, and their percep­
tions of those problems, are different from those 
of men. 

1.4.5 Population Estimates 

The two-stage sampling method adopted in this 
survey means that standard calculations of varianc­
es are not appropriate as they ignore cluster 
effects. Variance algorithms derived from Coch­
rane (1983) and Poate and Daplyn (1990) were 
used and are reproduced in Appendix B. These 
enable confidence intervals to be computed for 
estimates of means and totals for each of the study 
areas, which is important when estimating the 
losses incurred in past floods and the potential 
benefits of flood proofing measures. 

1.5 Report Organization 

The household interview surveys provide estimates 
of the numbers of households affected in different 
ways, the total and mean losses, and proportions 
favoring different measures. 

Chapter 2 provides background information on the 
two study areas, derived from the inventory and 
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RRA, and information on the characteristics of the 
sample households. Chapter 3 reports the impacts 
of the 1988 and 1991 floods in these two areas, 
Chapter 4 reports the respondents' assessments of 
potential measures to reduce flood losses and 
makes preliminary estimates of the potential 

benefits and costs of some flood proofing options. 
Case studies of flood proofing in two char areas 
are in Chapter 5, and Chapter 6 presents the 
conclusions of the study and recommendations on 
the application of flood proofing in charland arc-as. 
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NOTES 

1. The charlands in this study have been defined ta include not only island chars but also the mainland areas referred to as active 
floodplain in World Bank (1989). 

2. In all of the maps included in this report the international boundary has been derived from available map sources, it is approximate, 
and should not be taken as authoritative. 

3. The classical theory of probability sampling determines optimal sample size for estimation of population parameters from a sample 
as a function of the following, see Casley and Kumar (1988) for formula: 

* the parameter's variability; 
* the acceptable margin of error in estimating a population parmuneter; and
 
* 
 the required level of confidence that the true value of the population parraneter being estimated lies within the specified margin 

of error. 

4. As shown in FAP 12 (1991), for an 80 percent confidence level (two-tailed) with coefficient of variation of 50 percent, acceptable 
margin of error of 10 percent, and intra-cluster correlation coefficient of 0.2, the required sample size is 115 households. This 
intra-cluster correlation coefficient is recommended for agricultural data, but it is unknown whether it is reasonable for flood hazard 
and loss data, which may be more homogeneous within a cluster. 

5. Probability sampling requires that every member of the population under study have a known non-zero probability of inclusion in 
the sample. 

6. Except that one very large mauza in Bhunpur area (Lower Jamuna) appeared in the sample twice, so 20 interviews were conducted 
there. 

7. Every nth household was selected where n = number of households divided by sample size (10), with a random startingpoint among 
the first n households. 
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Chapter 2
 

STUDY AREA CHARACTERISTICS
 

2.1 Stu~dy Area Description 

2.1.1 General Features of Charlands 

Charland is very young alluvial land located within 
the active floodplain of a river. Chars have corn-
plex patterns of ridges and inter-ridge depressions, 
in-filled channels and cut-off channels, and suffer 
a high risk of erosion. The annual flooding of 
rivers deposits sediments to form new charland 
and to bury old land; these deposits can be as deep 
as two to three meters or more in places. Few of 
the land masses studied have remained stable over 
the past 20 years. 

Erosion and accretion phenomena greatly influence 
the lives of people who live on the chars. While 
the social life of char people is organized accord-
ing to principles similar to those of rural people on 
the mainland, some important variations are 
imposed by the nature of the environment. Char 
villages, like those elsewhere, have neighborhoods 
(paras), but these frequently change as people 
move their houses around to avoid erosion or take 
advantage of newly accreted lands. Society is 
structured according to kinship groups-lineage 
(gushti-sarik) or marriage networks-and the 
all-important samaj, or community of people 
committed to mutual support. In matters of kin­
ship, char society is relatively isolated from the 
mainland, 

Groups of charland homesteads are set amid fields 
or sandy lands, and the layout of most settlements 
is linear; clustered groupings of households are 
less frequent than in mainland areas. Homesteads 
are arranged in groups of two to 20 households in 

continuous or broken lines set apart from each 
other. These homesteads are usually built along the 
higher land on ridges that are least affected by 
flood water. The quality of housing is extremely 
variable, reflecting not only the socioeconomic 
position of the households but also how long 
people plan to stay in a particular location. Chang­
es in land formations sometimes require the shift­
ing of whole villages. 

The organization of homesteads (baris) is similar 
to that of mainland homesteads, most consisting of 
a group of three to five structures for cooking, 
sleeping, and storage set around a central court­
yard that is partly shielded by small fences (Plates 
I and 10). Related households tend to live in 
adjacent homesteads. Buildings have earthen floor 
plinths and frames made of timber or bamboo, and 
wall and roof coverings are of catkin grass, jute 
sticks, or corrugated iron (CI) sheet. The tempo­
rary nature of many settlements results in house 
floor plinths that are low or absent and uneven 
house walls and fences. Another sign of the often 
temporary nature of charland homesteads is the 
absence of trees and gardens. The more stable a 
char settlement is, the more it resembles a main­
land settlement with high packed-earth floor 
plinths, neatly built fences, and many trees. 

The durability of building materials in charland 
dwellings varies. A thatched roof needs replace­
ment every 1.5 to 2 years, while a Cl roof lasts 30 
to 40 years. Catkin walls need replacement either 
every 3 to 4 years for lighter weight steis or 
every 4 to 5 years for thicker stems. Like Cl 
roofs, Cl walls are long-lasting and need replace­
ment only after 40 to 50 years. 

ISPAN Charhuid Study - Flood Proofing 2-1 



Trees and other vegetation are indicators of a 
char's stage of development, the confidence 
settlers have in their ability to stay in a particular 
location, and the probability of submergence 
during the monsoon (Plates 9 and 10). The sandy 
.and of newly accreted chars often becomes over­
grown with catkin grasses (Sacchartam sponta-
neum) that can grow up to 2 i1 in height. The 
most common and first-planted trees are banana, 
Lannea coromanlelica (iiga),Ip)omoea fistulosa 
(dholkalmi), and sometimes bamboo-all of which 
are useful as building materials and protection 
from wave action during floods. Older, more 
stabilized chars have more varied flora that may 
include mulberry, and possibly mango, coconut, 
betel, guava, teak, or plum. Fruit trees-mainly 
bananas-and vegetables are grown in small 
patches in and around homesti Is and are tended 
by women. 

Agriculture-direct cultivation or day labor-is a 
major source of income for people living on the 
island and attached chars and unprotected main-
land. Only a few households depend on fishing. 
Business occupations are more likely on the 
mainland or near larger urban centers where there 
are more opportunities. Paid household work is the 
main activity for women outside their own home, 
and it is particularly important to female-headed 
households, 

Agriculture activities vary according to erosion/ac-
cretion patterns and sand deposition as a result of 
flooding. Changes in soil quality force farmers to 
change cropping patterns from year to year. In 
average years, lowland often starts to flood during 
May-June and it remains flooded until September 
to depths of 1 to 3 m, depending on location. 
Medium land is flooded from June-July through 
September to depths of 0.5 in to 2 m. Highland is 
not often flooded, although some parts may flood 
during August and September to depths of as much 
as I m. 

The main rabi crops are sweet potatoes, millet, 
pulses, and wheat. Groundnuts are grown in some 
areas as a commercial crop. In ktarif, it is coin-
mon practice to grow local varieties of mixed aus 

and arnan. Some jute is also grown during the
 
early kharifseason,but its impoitance is declining.
 
Catkin grass grows in all areas, and is harvested
 
and sold for fodder or building materials. Crops
 
are not irrigated in most areas.
 

The rearing of livestock is a major economic
 
activity in most char areas because of the availabil­
ity of grazing land and fodder and the ability to
 
move the animals during floods. Tile constant
 
demand for all forms of livestock also allows them
 
to be sold in times of need. Milk is usually seen as
 
a by-product of having cows rather than as a
 
production goal in itself. Cattle are usually tended
 
by men, while wonhen care for goats and poultry.
 

Engine boats are the main form of transport in 
char areas, but there also are Iccal boats powered 
by oars or sails. During the dry season people get 
around by using a combination of walking and 
ferry boats, which makes moving heavy goods 
during this season a problem. During the inon­
soon, strong currents and waves make navigation 
between villages and markets difficult. Rafts made 
from banana trunks are used to move within 
villages during the monsoon. Overall, there tends 
to be a shortage of boats, especially during floods 
when demand for boats is at its peak and boats are 
required to assist in evacuation and to carry people 
and goods to market. 

2.1.2 Features of the Kurigran Area 

The Kurigram study area consists of 57 mauzas in 
10 unions in Kurigram and Nageswari thanas of 
Kurigram district (Figure 2. 1). The charland 
classification of the study mauzas, as shown in 
Table 2.1, is: unprotected mainland, 44 percent; 
island char, 32 percent; and attached char 24 
percent.' All of the mauzas are inhabited. 

During the 1992 dry season, 11 percent of the 
total mauza area was water, 79 percent was land 
with some vegetative cover (including cultivated 
land, grazing land, etc.), and 10 percent was sand. 
The area of !and with vegetative cover ranged 
from 95 percent on the unprotected mainland to 63 
percent on the attached charland. 
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Table 2.1 Population and Land: Kurigram 

Island Char 

No. of Mauzas 15 

Total Area (ha) 11,237 

Water (%) 16 


Sand (%) 16 


Land (%) 68 

1981 Population 17,927 


1992 Population 27,971 

1992 Households 4,248 


1981 Persons/kin2 160 


1992 Persons/km2 249 

Pc,?'ilation Increase 1981-92 (%) 56 

Source: Charland Inventory and FAP 19 image analysis 

During the period from 1984 to 1992, attached 
charland was subject to bank erosion more than 
either unprotected mainland or island chars.2 

During that period, about 4.6 percent of the area 
was eroded and only 0.4 percent of the land was 
accreted, indicating a net loss of 4.2 
mainland area (Table 2.2). 

The population of the mauzas in 
133,222, of which 13 percent lived 

percent of 

1981 was 
on island 

chars, 17 percent on attached chars, and 70 per-

I Tnprotected 
Attached Char Mainland All 

16 26 57 
8,260 14,602 34,099 
19 3 11 

18 2 10 

63 95 79 
22,788 92,507 133,222 

30,498 113,056 171,525 
4,991 19,519 28,758 

276 634 391 

369 774 503 
34 22 29 

cent on unprotected mainland (Table 2.1). The 
population had risen to 171,525 by 1992, and the 
distribution of population on the various land types 
was similar: 16 percent on island chars, 18 percent 
on attached chars, and 66 percent on unprotected 
mainland. Population density on the mainland (774 
persons/kin2) is much higher than on the island 
chars (249 persons/kin2 ) and attached chars (369
persons/kin2), but it is similar to the average 
population density of the country (763 per­
sons/km2). The low population densities on the 

Table 2.2 Bank Erosion and Accretion: Kurigrain 

Island Char 
Total Area (ha) 11,237 
Eroded (land - water; %) .7 

Accreted (water - land; %) .1 
Channel (wat.:r - water; %) 97.9 
Land (land - land; %) 1.4 

Mauzas with Erosion (%) 1.8 
Mauzas with Accretion (%) 1.8 

Source: FAP 19 image analysis 

2-4 

Attached Char 

8,260 

15.0 

1.4 

60.1 

23.6 

17.5 

5.3 

Unprotected 

Mainland All 

14,602 34,099 

1.8 4.6 

0 .4 

2.9 48.0 

95.3 47.0 

15.8 35.1 

1.8 8.8 
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Table 2.3 Availability of Services and No health care facilities are availahle in the 
Infrastructure: Kurigram (percent) study mauzas (Table 2.3). While there are 

Service/Infrastructure Island Char Attached Char primary schools in more than half of the 

Health Centers 0 0 

Primary School 87 60 

Secondary School 7 0 

Hat (Market) 0 20 
Launch Ghat 0 0 

Mauzas 	 15 10 
Source: Charland Inventory 
'Infrastructure data were not collected for unprotected
mainland. 

island and attached chars are probably due to the 
significant areas of sand and water within the 
mauzas, the difficulty of supporting human settle-
ments on unstable land, and the limited availability 
of employment opportunities. There were an 
estimated 28,758 households in the study area in 
1992. 

Table 2.4 Population and Land: Bhuapur 

Island 

Char* 

No. of Mauzas 76 

Total Area (ha) 19,919 

Water (9) 28 

Sand (%) 19 

Land (%) 53 

1981 Population 65,704 
1992 Population 80,966 

1992 Households 13,106 

1981 Persons/km2 330 

1992 Persons/km2 406 

Population Increase 1981-92 (%) 23 

Source: Charland Inventory and FAP 19 image analysis 
'Excludes 5 submerged mauzas (total area 360 ha). 

mauzas, secondary schools are rare. There are 
no hats or markets on island chars, and 
NGOs are active only in a few places. 

The mauzas selected 

veys (Figure 2.1) are 
the study area, and 
mauzas close to the 

for the household sur­

distributed throughout 
include several remote 

Selection of mauzas border of Bangladesh.for the household survey 

followed the procedures described in Section 
1.4.2. 

2.1.3 	 Features of the Bhuapur 
Area 

The Bhuapur study area consists of 148 mauzas 
located in 10 unions in Bhuapur and Sirajganj 
thanas of Tangail and Sirajganj districts (Figure 
2.2). Of these mauzas, only 84 are inhabited, and 
of the remainder, five are completely submerged 
and 59 are mainly water and have only small areas 
of sandy char during the dry season. The charland 

Attached Unprotected 

Char Mainland All 

29 38 148 

4,607 5,099 29,265 

18 11 23 

11 2 15 

71 87 62 

26,018 32,636 124,359 

24,699 44,876 150,542 

4,039 7,673 24,818 

565 640 425 

536 880 514 

-5 36 21 
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Table 2.5 Bank Erosion and Accretion: Bhuapur 

Unprotected 
Island Char Attached Char Mainland All 

Total Area (ha) 

Eroded (land - water; %) 

Accreted (water-. land; %) 

Channel (water water; %) 

Land (land -. land; %) 
Mauzas with Erosion (%) 

Mauzas with Accretion (%) 

Source: FAP 19 image taalysis 

classification of the study mauzas, as 

19,919 

4.1 

0.4 

95.1 

.5 

8.8 

1.4 

shown in 
Table 2.4, is: island chars, 68 percent; unprotected 
mainland, 17 percent; and attached chars, 16 
percent. 

During the dry season, 23 percent of the total area 
of the mauzas was water, 62 percent was land with 
some vegetative cover (including cultivated land, 
grazing land, etc.), and the remainder (15 percent) 
was sand. The area of land with vegetative cover 
ranged from 87 percent on the unprotected main-
land to 53 percent on the island chars. 

During the period from 1984 and 1992, attached 
char was subject to bank erosion more than either 

4,607 5,099 29,265 

8.626.7 10.1 

3.36.7 11.5 

72.746.6 9.3 

20.0 69.1 15.3 

8.8 8.1 25.7 

6.8 6.8 14.9 

unprotected mainland or island chars.' During that 
period, about 8.6 percent of the area was eroded 
and only 3.3 percent of the land was accreted, 
indicating a net loss of 5.3 percent of land area 
(Table 2.5). 

The population of the mauzas in 1981 was 
124,359, of which 53 percent lived on island 
chars, 21 percent on attached chars, and 26 per­
cent on unprotected mainland (Table 2.4). The 
population had risen to 150,542 by 1992, with the 
population increasing mainly on island chars (65 
percent) and unprotected mainland (30 percent) 
and declining on attached chars (17 percent). The 
decline in the attached char population may have 

Table 2.6 Availability of Services and Infrastructure: Bhiapur (percent) 

Facility 

Health Centers 

Primary School 

High School 

Weekly Market (hat) 

Launch Ghat 

Active NGO" 

Source: Charland Inventory 

NumberNhbiedof 
Inhabited 

P t
Percent Percent of Mauzas with Facilities, by Type 

Mauzas with Island Attached Unprotected 
Reporting Facility Char Char Mainland 

79 29 13 18 71 

84 60 62 42 64 

84 12 10 8 18 

80 25 23 0 43 

82 7 0 17 18 

84 46 38 50 64 

"SCI covers 38 percent of island mauzas and 50 percent of attached char miauzas. 
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been due to the high incidence of erosion and the 
related loss of land. The growth in population on 
the island chars was similar to the national average 
during the same period. Population density on the 
mainland (880 persons/kin2) is much higher than 
on the island chars (406 persons/km 2) and attached 
chars (536 persons/kin2) and slightly higher than 
average population density of the country (763 
persons/km). There were an estimated 24,818 
households in the Bhuapur study area in 1992. 

There are health centers in 29 percent of the 
mauzas (Table 2.6). Primary schools are adequate 
in number, but high schools are rare. There are no 
hats or markets on attached chars, and NGOs are 
active in nearly 50 percent of the mauzas. 

The mauzas selected for the household surveys 
(Figure 	2.2) are concentrated on the eastern side 
of the study area, which is a result of the sampling 
method 	based on the probability proportional to 
(population) size (PPS) random 	 sample. Most of 
the population lives on the eastern side, as many 
of the mauzas on the western side of the area are 
uninhabited river channel. Selection of mauzas for 
the household survey followed the procedures 
described in Section 1.4.2. 

Table 2.7 

2.2 	 Background Data from the 
Household 	Survey 

Char Type 

2.2.1 	 The Household 
Survey Island Char 

A total of 150 households were inter- Attached 
viewed in each of the two study Char 
areas. In Bhuapur, 47 percent of the Unprotected 
households surveyed lived on island Mainland 
chars, 33 percent on attached chars, 
and 20 percent on unprotected main­
land. In Kurigram, 40 percent lived Island Char 
on island chars, 15 percent on at- Attached 
tached chars, and 45 percent on Char 
unprotected mainland. The mean size Unprotected 
of the households surveyed was 6.45 Mainland 
(±0.33) in Bhuapur and 6.74 

For the purpose of making overall estimates of 
flood impacts for tie two study areas, households 
were not segregated since they were chosen from 
a random sample of households in each mauza. It 
is important, however, to understand the types of 
households found in the study area and the sample. 

Overall, 23 percent of households were joint 
families in a broad sense. There were slightly 
more joint families in Kurigram than in Bhulapur, 
but the difference was not significant nor did it 
differ between char types. There are only a few (5 
percent) subnuclear families in the study areas, 
while most joint families are lineal joint. 

Several households in both study areas are uthuli, 
settlers who are not expected to pay rent for the 
lands on which they have built their homesteads 
because they have no way of doing so. Settlers 
accepting these conditions appear to have an 
obligation to perform labor for their hosts in 
exchange for their temporary settlement rights. 
The incidence of uthuli is higher in the Kurigram 
area than in Bhuapur (Table 2.7), and it is particu­
larly high in the attached chars of Kurigramn (46 
percent). 

Distribution at Uthuli by Location 

Sample Households Households 
House- Changing Samaj Living as 
holds When Moved (%) Uhuli (%) 

BHUAPUR 
70 45.7 24.3 

50 20 18 

30 13.3 	 6.6 

KURIGRAM 

60 38.3 16.7 
22 27.3 45.5 

68 12 21 

(±0.25) in Kurigram. 4 Source: Houschold Flood Proofing Survey 
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The stability of samajes is also indi- Table 2.8 Land Ownership 
cated by the data in Table 2.7, which Percentage of 
shows that households that move are Percentage of Households Joint Families 
more likely to change their sana] on Landholding Bhuapur 'and 
island chars in both study areas. This Category Bhuapur Kurigram Kurigram 
reflects the more dynamic physical 
environment of the islands and the 

Lne 
-mdless 29 33 13 

breakup of communities when islands Marginal 17 9 15 

are submerged. Small 35 43 22 

2.2.2 Land Ownership Medium 15 8 43 

Large 3 7 67 

Landholding size is a commonly used All - - 23 
indicator of household socioeconomic 
status. The survey households were Source: Household Flood Proofing Survey 

categorized according to operated 
holding as non-farm (no operated 
farmland owned by the household), farming 1-49 in Bhuapur. Respondents in Bht, pur said that they 
decimals, 50-249 decimals, 250-749 decimals, and owned more submerged land bian respondents in 
me-e than 750 decimals. The distribution of Kurigram, which corresponds with the more active 
households by farm size is shown in Table 2.8. charland dynamics in the Lower Jamuna. Table 

2.9 also shows that all household types own areas 
The proportion ofjoint families was found to vary of non-cultivated land. This, plus the homestead, 
systematically with farm size category; hence, size amounts to the land ownership of non-farm house­
of landholding is a good indicator of wealth and of holds. Households in tie largest farm category 
social support systems available in times of need. (>750 decimals) in Bhuapur share-crop in large 
As Table 2.9 indicates, farm size and especially areas of land (hence their small owned areas). This 
landholding size is more unequal in Kurigram than may again be associated with charlapd dynamics; 

Table 2.9 Land Ownership by Size of Operated Holding 
1-49 50-249 250-749 > 750 

Utilization Category Non-farm Decimals Decimals Decimals Decimals 

BHUAPUR
 

Average land operated (ha) 0.0 0.12 0.54 1.37 2.44 

Average land owned (ha) 0.29 0.20 1.21 2.23 2.21 

Average not cultivated (ha) 0.14 0.08 0.54 0.64 0.85 

Average submerged (ha) 0.32 0.18 0.37 1.32 2.06 

KURIGRAM 

3.36Average land operated (ha) 0.00 0.12 0.58 1.36 

Average land owned (ha) 0.19 0.27 0.88 1.87 5.72 

Average not cultivated (ha) 0.12 0.19 0.41 0.55 2.23 

Averago submerged (ha) 0.13 0.10 0.32 0.52 1.32 

Source: Household Flood Proofing Survey 
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Table 2.10 House Construction and Cost 2.2.3 Ho u S e s a n d 

MeofTotalsHoss ( 

Mean Cost (Tk./house) 

Unit Cost (Tk./ni2) 

%of Total Houses 
Mean Dimensions (m) 

Mean Cost (Tk./house) 

Unit Cost (Tk./m2 ) 

House Type Buildings 

Kutcha Wall, Table 2.10 shows that the quality of 
All Kutcha" Cit Roof All Cl housing in Bhuapur is much better 

13IUAPUR than in Kurigram: 81 percent of thie 

2 56 32 
houses in Kurigram are kutcha' coin­
pared with only 25 percent in Bhua­
pur. In Bhuapur, 50 percent of the 

1,608 9,490 33,594 landless and marginal families have at 
113 510 1,010 least Cl sheet roofs, while in Kuri-

Agram only 2 percent of landless and 

81 14 5 
no marginal families have CI sheet 
roofs. The high percentages of houses 

15.7 22.7 33 with straw roofs, particularly in 
1,742 10,725 27,429 Kurigram, indicate that most house­

111 472 831 
holds are poor. In both study areas,larger landholdings are associated 

Source: Household Flood Proofing Survey with more permanent houses and use 
Kutcha = Straw, leaves, grass, catkin, jute sticks, bamboo. of CI sheet in conrtruction. 

tC1 = corrugated iron. 

households own land in more than one char and 
cannot operate all their land at one time, so richer 
households tend to share-crop land within reach of 
their homesteads. Overall, very little land in either 
area was reported to have been permanently lost to 
erosion in recent years. 

The percentage of landless and marginal house-
holds in both study areas is lower than the national 
average, but the data on land ownership is distort-
ed by the fact that significant areas are either 
submerged or covered by sand, both conditions 
that make the land unusable. People maintain their 
rights to eroded or sandy land in the hope that one 
day it may re-emerge and become productive 
again. The significance of land ownership in terms 
of potential production is shown in Table 2.9. 
Only the small, medium, and large farmers own 
significant areas of productive land, and even 
though landless households may own some land, 
they are functionally landless, as are most margin-
al households. Given the low quality of much of 
the charland, the production of many small 
landholdings will also be extremely limited, 

Floor areas of kutcha houses are 
slightly larger in Kurigram than in

Bhuapur (15.7 m2 compared with 14.2 in 2 ), while
 
the floor areas of semi-pucca houses (kutcha walls
 
and CI root) are about 20 m2 in both places. The
 
floor area of pucca houses is similar in Kurigram
 
and Bhuapur (32-33 m2).
 

Housing construction costs are similar in both 
locations (Table 2. 10). Depending on floor area, 
a kutcha house costs about Tk. 1,600 to Tk. 
1,750, which is equivalent to about Tk. 112/m 2 of 
floor area. Semi-pucca houses cost Tk. 9,500 to 
Tk. 10,750, depending on floor area, or Tk. 
500/n,2. Pucca houses cost about Tk. 27,500 to 
Tk. 33,500, or Tk. 920/in2 . 

2.2.4 Livestock 

Livestock are a major part of the local economy in 
both areas. In Bhuapur in 1993, there were 28,292 
cattle or 1.14 cattle/household. In Kurigram there 
were 54,832 cattle or 1.91 cattle/household. The 
availability of cattle in Kurigram is higher than the 
national average of 1.33 cattle/household, but it 
is slightly lower than the average in Blhuapur. 

ISPAN Charand S(udy - Flood Proofing 

-va 

2-10 



The number of cattle have declined significantly 
since 1988 in both study areas. In Bhuapur, there 
were 70,814 cattle in 1988; by 1991 there were 
only 37,392. In Kurigram, there were 77,263 
cattle in 1988 and 60,008 cattle in 1991. The 
decline in cattle seems to indicate that local econo-
mies are still adjusting to the losses incurred in the 
1987 and 1988 floods, 

2.2.5 Ownership of Other Assets 

The other large assets owned by char people are 
shown in Table 2.11. Boats are a major asset 
during the monsoon, particularly during floods, 
but few households, even among large landhold- 
ers, own any kind of boat. This indicates a high 
level of dependence on the households who own 
boats and the need for money to hire boats when 
required. 

Radios are owned by several households in all 
categories, with the exception of landless and 
marginal households in Kurigram. Many house­
holds also own trees, particularly in Kurigram, 
indicating greater stability of land in that area. 

2.2.6 Economic Activities 

Agriculture is the main activity for 54 percent of 
households in Kurigram but only 34 percent in 

Table 2.11 Large Asset Ownership 

Bhuapur 

Non- 1-49 50-249 250-749 
Asset farm dcc. dcc. dec. 

Small Boat 2 3 0 4 

Medium Boat 2 4 4 4 

Large Boat 0 0 2 9 

Engine Boat 0 0 4 9 

Radio 14 19 31 35 

Trees 36 5 63 65 

Total House- 44 26 52 23 
holds 

Source: Household Flood Proofing Survey 
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Bhuapur (Table 2.12), indicating a more diversi­
fled economy of the Lower Jamuna area. Trade 
and business/service activities are important 
activities in Bhuapur. In both locations about 
25-30 percent of households depend on laboring. 
Fishing is the main activity for about 3 percent of 
households in both study areas. Women have 
relatively little involvement in paid employment 
outside the homestead, but some earn income from 
selling poultry and vegetables. 

Agricultural laborers are paid Tk. 15-30/day 
without meals or Tk. 10-25/day with two meals. 
Laborers employed for house building or 
earth-cutting are paid about Tk. 20-25/day without 
meals or Tk. 15-20/day with two meals. For four 
or five months a year (during January-May and 
September-November), many laborers migrate to 
find work in other districts. Harvesting paddy in 
other districts can earn Tk. 50-60/day. Laborers 
travel in groups based on their a ca, neighbor­
hood, or samaj. 

2.3 Incidence of Floods and Erosion 

2.3.1 Flood Hazard 

Table 2.13 shows the estimated return periods for 
peak water levels during the period 1987-1992 at 

Kurigrai 

> 750 Non- 1-49 50-249 250-749 > 750 
dcc. farm dcc. dec. dcc. dcc. 

40 2 0 9 8 20 

20 2 0 2 8 20 

0 0 0 2 0 0 

0 0 8 2 8 10 

40 0 0 26 42 50 

40 38 38 49 75 100 

5 50 13 65 12 10 
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Table 2.12 Main Occupations and Income Sources (percent) 

Main Source of Income 

Household Men Women 

Occupation Bhuapur Kurigram Bhuapur Kurigram Bhuapur Kurigran 

Own Cultivation 18 24 15 22 1 1 

Part Sharecropper 15 26 15 26 1 0 

Sharecropper 1 4 1 3 0 0 

Laborer 26 27 25 30 0 0 

Fishing 3 3 3 3 0 0 

Transport 7 2 7 2 0 0 

Trade' 13 4 13 2 3 1 

Service/Business 12 1 14 2 0 1 

Paid Domestic Work 1 I 1 1 3 5 

Cattle/goatst 1 0 1 0 5 5 

Poultry 0 0 0 0 59 55 

Othert 3 7 4 5 13 13 

None 0 0 1 3 14 19 

Source: Household Flood Proofing Survey
 
'Trade includes handicrafts.
 
tWomen mainly raise goats, not cattle.
 
*Includes beggars and those who raise trees, vegetables, or wild plants; most women in this category get
 

income from vegetables. 

Table 2.13 Peak Water Levels and Return Periods 

Chilmari Kazipur Sirajganj 

Year Peak R.P.' Peak R.P. Peak R.P. 

1987 24.69 19.7 16.2 10.7 14.57 11.7 

1988 25.04 85.9 16.7 94.8 15.11 51.6 

1989 23.58 1.1 15.7 1.8 13.65 1.2 

1990 23.66 1.2 15.51 1.7 13.97 2.2 

1991 24.37 5.0 14.94 1.1 13.88 1.8 

Source: FAP 25 (1992) and FAP 25 unpublished data
 
"R.P. = return period; 19.7, for example, indicates a flood that occurs about once every 19.7 years.
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Table 2.14 Incidence and Severity of I1ouse Flooding 1987-1992 

Households Flooded (%) Households Building Machas (%) 

Char Type 1987 1988 1989 1990 1991 1992 1987 1988 1989 1990 1991 1992 

Island 46 99 7 11 41 3 40 91 7 10 33 3 

Attached 20 88 6 6 18 0 14 72 4 4 14 0 

Unprotected 3 80 0 0 3 0 3 67 0 0 3 0 
Mainland 

Total 29 90 5 7 26 1 24 80 5 6 21 1 

XURIORAM -.... 

Island 23 100 8 13 40 

Attached 32 100 23 18 41 


Unprotected 15 93 9 9 32 
Mainland 

Total 21 97 11 12 37 


Source: FAP 19 image tuinlysis 

the gauging stations in the Jamuna near the study 
areas. Chilmari is about 30 km south of the Kuri-
gram area, while Sirajganj is on the western side 
of the Bhuapur study area. The return period for 
the 1988 flood varies from I in 50 years at Siraj­
ganj in the Lower Jamuna to about 1 in 100 years 
in Chilmari south of the upper Brahmaputra study 
area. The difference in water levels for the return 
periods is small. For example, at Chilmari, there 
is only 0.67 m difference between the 1-in-5-year 
peak water level and the l-in-85.9-year peak water 
level. At Sirajganj, there is only 0.54 in difference 
between the 1-in-12-year peak water level and the 
1-in-52-year peak water level. The critical factor 
is that small increases of water level can make a 
difference between a normal flood, which most 
char dwellers can accommodate, and a disastrous 
flood, which causes widespread disruption and 
suffering. 

The significance of small differences in water level 
is shown in Table 2.14, which reports data on the 
incidence and severity of household flooding. In 
1988, nearly all houses were flooded in both 
Kurigram and Bhuapur. In 1989, the peak water 
levels were about 1.5 m less at Chilmari and 

5 2? 93 7 12 28 5 

14 32 86 23 18 32 9 

4 10 81 9 9 29 4 

6 18 87 10 11 29 


Sirajganj, and less than 10 percent of the houses 
were flooded, except in the attached char in 
Kurigram, where 23 percent of houses were 
flooded. 

In addition to water levels, the rate of rise, dura­
tion, and timing of the flood determine the severity 
of its impact. In 1991, the duration of the flood 
was long, and in 1993, the rate of rise of flood 
water was rapid, both factors resulting in very 
disruptive floods. 

Temporary platforms (machas) were built in most 
but not all houses in 1988, particularly in island 
chars. Machas tend to built by most households 
flooded above floor level, implying that construc­
tion of machas is seen as a flood response rather 
than a flood preparation activity. 

2.3.2 Erosion Hazard 

This study isprimarily concerned with flood losses 
and potential benefits from flood proofing mea­
sures, but flooding of land within or adjacent to 
the river channel cannot be considered in isolation 
from erosion hazards (Plate 7). Charlands have a 
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Table 2.15 Incidence of Erosion 1987-1992 

Households with Land Eroded (%) Households with Homesteads Eroded (%) 

Char Type 1987 1988 1989 1990 1991 1992 1987 1988 1989 1990 1991 1992 

BHUAPU R 

Island 50 59 36 36 37 30 13 24 6 13 7 3 

Attached 40 58 52 50 50 38 8 14 2 8 4 4 

Unprotected 7 10 3 7 10 7 0 7 0 0 0 0 

Mainland 

Total 38 49 35 35 38 28 17 3 9 5 0 3 

KURIGRAM~_______________ 

Island 27 40 27 27 25 

Attached 27 36 23 28 36 

Unprotected 13 18 
Mainland 

6 10 7 

Total 21 30 17 19 19 

Source: FAP 19 imnage analysis 

high risk of erosion, particularly island and at-
tached chars, and inhabitants of those areas have 
adjusted their activities to take erosion into ac-
count. The differences between floods and erosion 
should be recognized, however. Erosion is more 
devastating, especially for those living on main-
land, as the loss of land is complete, leaving the 
owner with nothing. Furthermore, the land is 

usually lost for an indeterminate period of years, 
perhaps even decades. With floods, losses are 
usually temporary, and land can be re-used once 
the flood recedes. 

Erosion is a more widespread problem in Bhuapur 
than in Kurigram as more households lost land to 

erosion in the Lower Jamuna during the period 

1987-1992 (Table 2.15). Households on attached 
mainland lost more land to erosion than those on 
island chars, and households on unprotected 
mainland lost significantly less land to erosion than 
either island or attached chars. In Kurigram, land 
lost to erosion was similar for households on both 

island and attached chars. 

The maximum number of homesteads lost to 
erosion in both study areas occurred in 1988. 

18 5 32 7 10 3 3 

32 5 32 9 14 9 41 

3 0 16 4 9 2 0 

13 3 25 6 10 3 7 

Homesteads in Kurigram appear to be just as 
erosion-prone as those in Bhuapur. It is clear that 
erosion is an ever-present hazard, which is 
worse-but not dramatically worse-in high flood 
years. Overall, there is a high chance of losing 
agricultural land, which must limit interest in 
investing in agricultural inputs such as tubewells. 
The long-term risk of homestead erosion is high in 

the chars, resulting in lower property values and, 
hence, lower flood damages in absolute terms, 
although the impact of flooding may be just as 
great. The risk is that investments in char infra­
structure are unlikely to last for a long time. 
Measures that are portable or flood and erosion 
proof (for example, increased income earning 
opportunities, business developments in boats or 

cattle, and houses that can be moved) are clearly 
preferable. 

2.3.3 	 Relationship between Floods and 
Erosion 

Comparison of Tables 2.14 and 2.15 shows that 
erosion is more prevalent at times of more severe 
floods. This finding confirms the previous analysis 
of satellite images and the charland inventory, 
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which showed that peaks in bank erosion coincided with little or no flooding. In general, erosion 
with peak floods (FAP 16/19 1993). Nonetheless, peaks are not as accurately recorded as flocd 
Table 2.15 also indicates that sizable numbers of peaks. 
households can be affected by erosion in years 

NOTES 

1. These areas are derived from the land cover classification reported in the Jamuna Inventory Report (FAP 16/19 1993) and are bascd 
on the 1992 Landsat image. 

2. With in-channel erosion and accretion are not included; hence, island chars will be subject to greater erosion/accretion than shown. 

3. Within-channel erosion and accretion are not included; hence, island chars may be subject to greater erosion/accretion than shown. 

4. All confidence intervals in this and subsequent chapters are 80 percent confidence intervals. For example, there is an 80 percent 
probability that the actual mean household size for the whole 24,818 households in Bhunpur is between 6.11 and 6.78. 

5. Kutcha houses are made from vegetative material such as catkin grass, straw, jute sticks, or bamboo. 

6. Based on 1983/4 Agriculture and Livestock Census and 1981 Population Census. 
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Chapter 3
 

IMPACT OF FLOODS
 

3.1 Introduction most recent flood to cause any notable damage in 
the two study areas. In Kurigram the flooding was 

This chapter documents the direct flooding damage moderate (a 1-in-S-year flood) and in Bhuapur it 
reported by households in the Kurigram and was nearly normal (a I-in-2-year flood) according
Bhuapur study areas. The sample design (Section to water level analysis done by FAP 25. The 1991 
1.4.2) makes it possible to estimate the total losses event, therefore, constitutes a control case of more 
experienced in the two study areas (along with normal conditions from which mininial flood 
confidence intervals (Appendix C) and gain some losses can be estimated. These estiniates can then 
insight into the magnitude of flood losses along the be used to calculate average annual flood proofing 
Brahmaputra-Jamuna. Two floods were selected benefits (Chapter 5). 
for detailed investigation: 1988 and 1991. 

This chapter also reports how people coped during
The 1988 flood was the worst in living memory in these two events: who evacuated, what problems 
both areas; respondent's memories of its impacts they faced, and what means they found to recover 
were still vivid at the time of the survey, from their losses. 

The 1991 monsoon was selected for comparison 
because flood level data and return period esti- 3.2 Impact of the 1988 Flood 
mates were available and because the inventory 
had collected basic intbrmation on flood extent and A majority of the houses of the sample households 
duration for that year. The 1991 flood was the were flooded in 1988 (Table 3.1), although the 

Table 3.1 Household Flood Depth and Duration, 1988 

Bhuapur 

% Flooded Mean 

Flood Depth (m) 

All 87 0.69 
Island Char 97 1.13 
Attached Char 84 0.80 
Unprotected Mainland 70 0.44 

Duration (days) - 14.3 

Source: Flood Proofing Houschold Survey 

Kurigram 

%Flooded 

97 

100 

100 

93 

-

Mean 

1.05 

1.34 

1.82 

1.18 

14.0 
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Table 3.2 Incidence of Evacuation by Flood Depth, 1988 

Bhuapur Kurigram 

Mean 
H/H 

Member H/H 
Hi/H 

Member H/t1 
Depih Present Member %Not Present member %Not 
(W) at Home Evacuated %Evacuated Evacuated at Home Evacuated %Evacuated Evacuated 

0 131 10 7.6 92.4 43 - - 100.0 

0.20 129 15 11.6 88.4 43 2 4.6 95.4 

0.53 246 40 16.3 83.7 166 70 42.2 57.8 

0.83 292 121 41.4 58.6 305 163 53.4 46.6 

1.13 182 122 67.0 33.0 164 111 67.7 32.3 

1.45 41 36 88.0 12.0 129 92 71.3 28.7 

1.6 + 19 19 100.0 0.0 140 127 90.7 9.3 

Source: Household Flood Proofing Survey 

proportion was lower in Bhuapur, where only 70 pears that 73 percent of people in these charlands 
percent of unprotected mainland houses were whose houses are flooded by over I ni of water 
flooded (flooding of houses was defined as flood will evacuate of their own accord. 
water entering onto the floor of the house). The 
average duration of in-house flooding in both An estimated 57 percent of the Kurigram popula­
study areas was 14 days, but flood depths in tion and 35 percent of the Bhuapur population 
Bhuapur were considerably lower than those in evacuated their homes in 1988 (Table 3.3; Appen-
Kurigram (0.69 m compared with 1.05 n,; Table dix C, Table 2). This translates into about 93,000­
3.1). Houses in the attached chars and unprotected1 123,000 people taking shelter in the Kurigram 
mainland of Kurigrarn were flooded to particularly study area alone. Although the average cost of 
deep levels. Although the flooding 
was more severe in Kurigram, it did Table 3.3 Evacuation Impacts of 1988 Flood 
not last as long. 

Bhuapur Kurigram 
A majority of people whose houses Estimate Estimate 
flooded to depths in excess of about I Total Population 172,071 189,803 
m were found to have evacuated their 
homer in 1988. Table 3.2 shows that People Moved 60,060 108,322 
the pattern of evacuation with respect Percent Moved 35 57 
to house flooding depth was broadly Temporary Shelter .223 284 
the same for both areas. In Kurigram, (Tk/household) 
however, a substantially higher per- Total Cost, Temporary Shel- 5.5 8.2 
centage of people evacuated houses ter ('000,000s) 
flooded to about 0.5 m. This may 
reflect factors such as weaker house Total Cattl 70,814 77,263 
construction (Table 2.10) and a need Cattle Moved 39,047 55,407 
to move people and cattle to shelter to Percent Moved 55 72 
reduce the risk of loss of life in re­
mote island chars. In general it ap- Source: Household Flood Proofing Survey 
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evacuation and temporary shelter was Table 3.4 Mean Household Losses from 1988 Flood
 
only in the range of approximately (1988 Tk. values)
 
Tk. 200-300 per household, spread Bhuapur Kurigram
 
across the whole population the evac- Mean Mean
 
uation costs are quite high: Tk. 8.2
 
million in Kurigram and Tk. 5.5 Temporary Shelter 223 283
 
million in Bhuapur. By raising house Livestock 2,142 1,015
 
plinths and providing flood shelters
 
within charland villages, this money
 
could be saved. Stored Food Grain 433 759
 

Boat Damage 83 25
 
Cattle evacuation was even more
 
dramatic in the 1988 flood. In Kuri­
gram 72 percent of tie livestock was House Contents 385 394
 
moved, and in Bhuapur 55 percent Total Homestead Loss 7,581 5,300
 
was relocated (Table 3.3). Despite the Preventable Loss 218 204
 
evacuation and other attempts to
 
safeguard cattle, livestock losses were Standing Boro Loss 540 204
 
the second highest component of Standing Aus Loss 5,014 3,792
 
reported average homestead damage. Standing Aman Loss 7,332 4,834
 
Table 3.4 indicates that Bhuapur
 
households averaged considerably Source: Household Flood Proofing Survey
 

more livestock losses than the Kuri­
gram households, despite lower average within- of losses. Few (3-4 percent) of these losses were
 
house flood depths and a lower level of cattle regarded as preventable by the respondents, so
 
ownership. The reasons for this need further char people lack the means to reduce losses in an
 
investigation before planning appropriate measures extreme flood. 
to minimize the loss. In general, however, flood 
shelters are more likely to reduce livestock losses Agricultural losses were estimated as gross 
than raising house plinths. losses-the difference between expected output and 

actual output from respondents' fields in 1988,
The main component of household losses is dam- multiplied by the appropriate harvest price from 
age to housing structures. Such losses appear to BBS figures. Clearly the 1988 standing crop losses 
have been higher in Bhuapur, but the difference in the charlands were substantial, and on average 
between the two study areas is not significant. they were of much higher value than homestead 
Losses to stored food grains, house contents, and damage. 
boats were all small, probably because these items 
were raised or moved by households as they are Table 3.5 repeats the same loss information in 
needed even when people move out of their home. aggregate for the two areas. These data emphasize 
Reported damage to trees was higher in Bhuapur the magnitude of the direct financial losses due to 

2than in Kurigram even though tree ownership in the flood. In Kurigram (341 km and about 
1993 was no higher there. As a result of these 189,000 people), total homestead losses were Tk. 
differences, overall homestead losses were signifi- 152 million, and the value of harvested 
cantly higher in Bhuapur than in Kurigrani (Table crops-compared with expected value in a normal 
3.4; Appendix C, Table 3) despite less severe year-was down by Tk. 254 million. The equiva­
flooding. Hence, asset structures, housing values, lent figures in Bhuapur (293 km2 and about 
and people's flood response may be as important 172,000 people) were homestead losses of Tk. 188 
as the depth of flooding in determining the value million and crop losses of Tk. 320 million. 
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Table 3.5 Total Losses from 1988 Flood by Study Reach 
(1988 Tk. millions) 

Temporary Shelter 

Livestock 
Housing 

Stored Food Grain 

Boat Damage 

House Contents 

Total Homestead Loss 

Preventable Loss 

Standing Boro Loss 

Standing Aus Loss 

Standing Aman Loss 

Bhuapur Kurigram 

5.5 8.1 
53.2 29.2 
80.3 58.4 

10.7 21.8 

2.1 0.7 

9.5 11.3 

188.2 152.4 

5.4 5.9 

14.1 5.9 
124.5 109.0 

181.9 139.0 

Source: Household Flood Proofing Survey 

The overall flood losses in 1988, therefore, were 
Tk. 2,148 per person, or Tk. 1.2 million per km2, 
in the Kurigram charland area, and Tk. 2,953 per 
person, or Tk. 1.73 million per kim2, in Bhuapur. 
The Jamuna charlands have a total area of 3,830 
km2 and had a 1988 population of about 1.72 
million (ISPAN, Jamuna Inventory, 1993). If the 
sample survey results were representative of tie 
whole river, this implies total losses in the range 
of Tk. 3,690 to Tk. 6,630 million for the Brahma-
putra-Jamuna charlands, depending on the basis of 
calculation and which of the two study reaches is 
more typical of the whole river. These losses 
compare with an overall estimate of 1988 flood 
losses in Bangladesh of US$ 1.3 billion (World 
Bank, 1989), or about Tk. 50 billion. Agricultural 
losses are largely unavoidable in charlands, but 
with better warnings, house raising, evacuation 
improvements, and shelters, a substantial part of 
the homestead-related losses might be prevented. 

House repair costs after flood water recedes, for 
example, are a major expense for affected house-
holds. Table 3.6 shows that in both study areas 

households spent substantial amounts 
on repairs (average household month­
ly income in the chars is on the order 
of Tk. 2,700 for a household of six 
persons). The difference between the 

two areas in the cost of repairing CI 
sheet houses appears to be because 
there are few such houses in the Kuri­
gram study area and most of them are 
located in unprotected mainland 

where they were less severely flood­
ed. It may also be that some Bhuapur
households improved their houses 

after the flood and counted this as a 

repair cost. 

3.3 Impact of the 1991 Flood 

In 1991, less than a third of houses 
were flooded in the two study areas,
but in Kurigram houses in all land 

types were affected, whereas in Bhua­
pur only the island and attached char 

houses were affected. As a consequence, average 
depths and durations across all households were 
low: under 0.09 m inside even island char houses 
in Bhuapur, compared with an average of 0.28 in 
flooding in Kurigram houses (Table 3.7). 

Since flooding was neither extensive nor deep, few 
people evacuated their homes. An estimated 5 
percent moved in Bhuapur (which may have been 
related to cattle movement rather than house 

Table 3.6 House Repair Epenses in1988
 
Flood 

Repair Cost/Household 
(Tk.) 

Type of House Bhuapur Kurigram 

All Kutcha 1,008 1,542 
Kutcha walls, CI 3,026 1,929 
roof 

All CI 7,484 986 
Source: Household Flood Proofing Survey 
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Table 3.7 In-House Flood Characteristics (1991) 

Bhuapur Kurigrain 

%Flooded Mean % Flooded Mean 

Flood Depth (in) 

All 19 0.056 31 0.28 

Island Char 31 0.09 28 0.22 

Attached Char 14 0.04 41 0.30 
Unprotected Mainland 0 0.00 29 0.33 

Duration (days) -

Source: Household Flood Proofing Survey 

flooding) and only 1.5 percent moved in Kuri-
gram, despite a higher proportion of cattle being 
moved (Table 3.8). The reported decline in cattle 
numbers between 1988 and 1991 in the two study 
areas is notable (Tables 3.3 and 3.8, see also 
Section 2.2.4)-and significant in Bhuapur (Ap-
pendix C, Tables 2 and 6)-but it is much larger 
than the estimated direct losses of cattle in 1988 
(about 6,000 head). 

Livestock losses in 1991 were again reported to be 
significantly higher in Bhuapur than in Kurigram 
(Tables 3.9 and 3.10; Appendix C, Tables 7 and 
8). The higher homestead losses in Bhuapur were 
presumably due to the higher value of houses and 

Table 3.8 Evacuation Impacts of 1991 Flood 

Total Population 

People Moved 

Percent Moved 

Temporary Shelter (Tk/household) 

Total Cost, Temporary Shelter (Tk '000,000s) 

Total Cattle 

Cattle Moved 

Percent Moved 

Source: Household Flood Proofing Survey 

ISPAN Charland Study - Flood P1roofing 

Bhuapur 
Estimate 

158,504 

7,445 

4.7 

30.0 

0.74 

37,392 

1,489 

4.0 

1.87 - 2.96 

their contents in Bhuapur, since flooding was less 
severe there. House repair costs after the 1991 
flood were consistent with these lower damage fig­
ures, but they were relatively higher in houses 
with kutcha walls than in all-Cl houses. It appears 
that about 20 percent of the 1988 house repair 
costs are incurred even when there is little hoine­
stead flooding. 

The higher losses in the Bhuapur area in 1991 
imply that potential charland flood proofing bene­
fits might be greater in more economically devel­
oped areas where modest losses might be prevent­
ed every year. For example, average 1991 home­
stead loses in Bhuapur were about Tk. 1,080 

Kurigram 
Estimate 

191,528 

2,876 

1.5 

8.33 

0.24 

60,008 

4,410 

7.3 
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Table 3.9 Mean Household Losses from 1991 Flood 
(1991 Tk. values) 

Bhuapur Kurigram 

Temporary Shelter 30.0 8.33 

Livestock 214.0 47.0 

Housing 514.0 242 

Stored Food Grain 3.3 10.0 

Boat Damage 200.0 2.67 

Tree Damage 95.0 87.3 

House Contents 25.5 26.0 

Total Homestead Loss 1,082 423 

Preventable Loss 21.3 20 

Standing Boro Loss 721 360 

Standing Aus Loss 1,714 1,320 

Standing Aman Loss 2,052 1,823 

Source: Household Flood Proofing Survey 

Table 3.10 	 Total Losses From 1991 Flood by Study 
Reach (1991 Tk. in millions) 

Bhuapur Kurigram 
Total Total 

Temporary Shelter 0.75 0.24 

Livestock 5.3 1.34 

Housing 12.8 6.9 

Store Food Grain 0.08 0.30 

Boat Damage 4.96 0.08 

Tree Damage 2.4 2.5 

House Contents 0.64 0.75 

Total Homestead Loss 26.9 12.2 

Preventable Loss 0.53 0.56 
18.0 10.40Standing 	Boro Loss" 

Standing 	Aus Loss* 42.5 38.00 

Standing 	Aman Loss* 51.3 52.44 
Source: Householdr, Survey 

'Loss of Boro, Aus and Aman paddy calculated as price of 1990-
91 financial year (BBS 1992). 

(Table 3.9), and measures such as 
modest house plinth raising might 
minimize this loss in a l-in-2-year 
event. For that study area homestead 
flood losses in a more-or-less normal 

year were about Tk. 27 million. 

Even greater crop losses were report­
ed (compared with household losses). 

While this may be correct, it also 
indicates that farmers' estimates of 

their expected outputs may have been 
over optimistic, so the 1988 losses 
may be overestimated. 

3.4 	 Problems Faced by Flooded 

Households 

Respondents were asked to name the 
three greatest problems they faced in 
each of the 1988 and 1991 floods. 

This was asked separately of the main 
respondent (male) and of a female 
respondent (usually the wife) in the 
household. 

There were few differences between 

the two 	areas in 1988 both in terms 
of the problems faced or in their 

ranking (Table 3.11). The main prob­
lem for men was obtaining transport, 
followed by finding enough food.
Other key problems were finding 

work, lack of shelter, and obtaining 
fodder for livestock. Lack of shelter 
was clearly a greater problem in
Kurigram than in Bhuapur, which 

reflects the greater flood depths and 
higher level of evacuation experi­
enced there. 

Fud rreparation and cooking were 
the mai . problems for women, close­
or fiellowed ihy availability of sanita­
ti, n facilities and getting fuel and 

food. If flood shelters are promoted, 
therefore, providing sanitation facili-
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Table 3.11 Problems Reported by Men and Women in 1988 and 1991 Floods* 

Problem 

Obtaining Drinking Water 

Sanitation Facilities 

Getting Fuel 

Getting Food 

Food Preparation and Cooking 

Getting Work 

Lack of Shelter 

Moving House 

Transport 

Fodder 

Livestock Diseases 

Human Illness 

Safety (theft, snakes, etc.) 

1988 1991 

Bhuapur Kurigram Bhuapur Kurigram 

Men Women Men Women Men Women Men Women 

23.0 18.0 7.0 14.0 9.3 6.0 7.4 1.3 

12.0 66.0 10.0 48.0 6.7 27.5 18.8 34.8 

8.0 47.4 5.4 46.0 5.3 22.1 4.7 34.8 

55.0 32.4 57.3 42.3 28.7 24.1 25.5 30.8 

11.4 81.0 11.0 57.0 6.0 38.2 2.7 33.5 

42.3 3.0 46.0 4.2 20.0 2.7 22.8 2.0 

28.0 12.0 45.0 31.2 5.3 2.0 11.4 3.4 

7.5 1.2 3.0 3.0 0.7 0.0 0.0 0.7 

62.4 27.0 61.0 32.4 44.7 20.1 50.3 24.8 

36.3 4.2 35.4 5.4 17.3 3.4 27.5 2.0 

5.0 0.6 6.3 1.2 2.7 0.7 2.0 0.7 

3.0 3.0 13.2 13.2 4.7 2.0 23.5 14.1 

8.1 5.4 1.2 3.3 2.0 3.4 2.7 9.4 

Source: Household Flood Proofing Survey 
*Respondents were asked to report the three main problems experienced in the flood. The replies are 
combined in this table, so each percentage is based on 

ties and space and facilities for cooking is of great 
importance since people can be expected to stay in 
a shelter for more than two weeks during a severe 
flood. 

The same pattern of problems for men and women 
was reported in 1991 as in 1988, but lower per-
centages of households reported experiencing each 
of the problems. The main differences are that 
lack of shelter was much less of a problem in 1991 
than it was in 1988, which reflects the lower water 
levels and reduced incidence of in-house flooding 
under moderate flooding conditions. There also 
was a relatively high incidence of human illness in 
Kurigram in 1991, particularly among male re-
spondents. The reasons for this may deserve 
further investigation. Transport is apparently 
almost as much of a problem in a moderate flood 
as it is in a severe flood. This may be because of 
the low incidence of boat ownership in the char-
lands, which leaves most households dependent on 

150 households. 

neighbors or on engine boat services even under 
normal conditions. This may be an unavoidable 
problem of char life. Apart from the transportation 
issue, however, flood proofing measures could 
help reduce the problems that affect life during 
floods and are not costed as financial or economic 
losses to households. 

3.5 Assessing Household Damage 

To estimate potential benefits from flood mitiga­
tion measures, and thereby justify expenditure on 
these measures, some standardized or average data 
on flood losses is needed. Homestead flood losses 
depend on many factors, including asset ownership 
and the characteristics of a flood. Since the main 
component of household loss is housing damage, 
this factor has been related with depth of flooding 
in Table 3.12. Other factors, such as duration of 
flooding and velocity of flow, are also important 
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Table 3.12 Depth Damage Data for H[ouses Flooded in 1988 and 1991 (both study areas; 
Tk/house, 1991 prices) 

Al K da : uKcha Walls, 
AlKwoCl Roof 'l t'' 

Number o Number of NuMber f 11. 
Depth (m) 1'I' Tk. Vafu' ..::: Houses Tk. Value ,To ,.Vaue, 

.02 -. 37 25 54 

.38-.67 45.853, 

.68 -.98 '6 3 

.99- 1.27 321,13$ 

1.30- 1.59 t 

1.6 + 17 1,362 

Source: Household Flood Proofing Survey 

but did not vary between the sample areas in the 
1988 event. The damage data did not show any 
systematic variation between locations or between 
the two flood years other than by flood depth; 
hence, losses from both areas and years have been 
combined, 

Table 3.12 indicates a stepped loss function for 
all-kutcha houses based on damage reported in 
actual floods. There arejumps in damage between 
about 0.3 m (Tk. 550) and 0.4 m (Tk. 85tU), and 
between just under and just over I m (Tk. 850 to 
Tk. 1,150), thereafter damage increases slowly 
with depth. 

Although sample sizes are smaller for houses with 
CI sheet roofs, losses are clearly higher than for 
aIl-kutcha houses. Up to flooding of 1m,damage 
is effectively constant at about Tk. 1,200 (presum-
ably the cost of replacing damaged 
walk, which tend to be larger than 
those the all-kuicha category). When Table 3.13 
flooding goes above 1 m, average 
damage more than doubles. The Char Type 
apparent minimal change in the fig- Island Char 
ures for flooding of more than 1 in 

15 
26 

355 
1,144 

8L1 
.''8: 

51,220 

14 

4 
2,261 
6,654 

3 

I6O 

4 3,900 . 

constant loss with respect to depth of about Tk. 
4,000 per Cl-roof house flooded above 1 m is a 
reasonable approximation. 

Samples of all-Cl sheet houses experiencing 
flooding were too small to estimate any function. 
One exceptional household reported very high 
damage, but if this case is excluded, damage to 
all-CI houses appears to be lower than for houses 
with kutcha walls and Cl sheet roofs. This indi­
cates that CI sheet walls may be resistant to 
flooding of up to about I m depth, and that their 
floors tend to be raised, unlike those of many 
kutcha houses. 

Considering household damage as a whole, most 
households estimated that they could have done 
more to reduce or prevent damage, at least in 
1988 (Table 3.13). It appears that more than 75 

Households That Could Have Prevented 
Damage in 1988 (percent) 

Bhuapur Kurigram 
78.8 76.7 

reflects small sample sizes and, possi- Attached Char 62.5 81.8 
bly, variations in whether structures Unprotected Mainland 56.7 76.5 
collapsed in floods of over 1.3 m. In Source: llouschold Flood Proorng Survey 

the absence of more damage data, a 
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Table 3.14 Constraints to Reducing Household Flood Damage in 1988 (percent) 

Bhuapur 

Island Attached 
Constraint Char Char 

Insufficient Warning 74.5 80 

Unexpected Flood 71.2 80 

Lack of Higher Place 84.6 60 

Transport Problem 69.2 63.3 

Source: Household Flood Proofing Survey 

percent of all households in Kurigram and about 
60 percent of Bhuapur households thought that 
they could have reduced damage. 

Several factors limited damage reduction. The 
main factor was that flooding was unexpected, or 
not expected to the level or severity experienced 
(Table 3.14). This is closely related to the lack of 
sufficient warning (although this was regarded as 
less of a problem in the island chars). Lack of 
high places to take shelter and transport problems 
affected almost all Kurigram households in their 
attempts to cope with flooding, but were not such 
problems in Bhuapur, particularly in the unprotect-
ed mainland (which in this area is adjacent to 
embankments). 

It appears, therefore, that providing shelters and 
improved transport would especially help the more 
remote island chars and that flood information and 
warnings would generally help all the charland 
inhabitants. 

3.6 Evacuation 

Since the provision of flood shelters for people 
and livestock is a major component of proposed 
flood proofing programs, the evacuation behavior 
of flood victims in 1988 was investigated in more 
detail. The main destination of Bhuapur evacuees 
was nearby embankments (Table 3.15). In Kuri-
gram, where a much higher proportion of house-
holds evacuated during the flood, embankments 

ISPAN Charland Study - Flood Proofing 

Kurigram 

Unprotected 
Mainland 

Island 
Char 

Attached 
Char 

Unprotected 
Mainland 

88.2 76.1 94.4 88.5 

88.2 91.3 94.4 94.2 

58.8 93.5 88.9 88.5 

70.6 89.1 100 94.2 

were also the principle destination of households 
in attached chars and unprotected mainland. Island 
char households in the Kurigram study area were 
severely flooded, but fewer of them evacuated, 
and those that did evacuate experienced problems 
in moving (Section 3.4). Most of those who 
evacuated moved to relative.' houses; none moved 
to public land or buildings (Table 3.15). 

The majority of households that evacuated their 
houses stayed within their village; some moved to 
adjacent mauzas (Table 3.16). The exception was 
the Bhuapur island chars where more households 
left the mauza and many left the union. This 
probably reflects better availability of transport 
facilities and of space on embankments fringing 
the charlands. In Kurigram, by contrast, embank­
ments are fewer and less substantial and travel to 
them is more difficult. Clearly people prefer to 
stay within their village or nearby if they have the 
opportunity. 

Table 3.17 shows that the main reason for evacuat­
ing was depth of water in the house (as suggested 
by Table 3.2). Only a few households moved 
because their house was already destroyed, al­
though some left as flood water rose and their 
houses may have been effectively destroyed later. 
Only in Bhuapur did a few people move to safe­
guard their livestock when they evacuated. 

The duration of evacuation was found to correlate 
with depth of flooding in the house (Table 3.18). 
Considering the average flood depths, people in 
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Table 3.15 Evacuation Destination in 1988 	Flood (percent of households) 

Bhuapur Kurigram 

Island Attached Unprotected Island Attached Unprotected 
Destination Char Char Mainland Char Char Mainland 

Relative's House 19 I 13 33 14 12 

Neighbor's or Rich Person's House - - - 7 5 3 

Embankment 21 26 13 8 32 40 

Public Land or Building 4 8 - - 18 9 

Not Evacuated 56 66 74 50 27 34 

Total Households (number) 70 50 30 60 22 68 
Source: Household Flood Proofing Survey 

Table 3.16 Destination of Evacuating Households in 1988 Flood (percent of households) 

Bhuapur Kurigrain 

Island Attached Unprotected Island Attached Unprotected 
Distance Char Char Mainland Char Char Mainland 

Within Mauza 11 24 23 42 32 48 

Adjacent Mauza 7 10 - 5 18 12 

Within Union 2 - - - 9 -

Village Outside Union but in District 13 - - 3 5 3 

Town Outside Union but in District 7 - 3 - 9 3 

Outside of District 4 - - - -

Households Evacuated 44 34 26 37 50 73 

Total Households (number) 70 50 30 60 22 68 

Source: Household Flood Proofing Survey 

Table 3.17 Reason for Moving in 1988 Flood (percent of households) 

Bhuapur Kurigram 

Island Attached Unprotected Island Attached Unprotected 
Reason for Moving Char Char Mainland Total Char Char Mainland All 

House Destroyed 11 8 - 8 8 9 9 9 

High Water Depth 31 26 20 27 42 64 57 52 

Save Livestock 2 - 6 2 - - - -

Evacuated from Dis- 44 34 26 37 50 73 66 61 
trict 

Total Households 70 50 30 150 60 22 68 150 
(number) 

Source: Household Flood Proofing Survey 
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Table 3.18 Duration of Evacuation and Depth of Flooding in 1988 

Bhuapur Kurigram 

Island Attached 
Char Char 

Duration of Stay Outside House 35 9 
(days) 

Average Depth of Water Above 1.13 0.80 
House Plinth Level (in) 

Source: Household Flood Proofing Survey 

Kurigram evacuated for relativ:ly short periods. 
The Bhuapur island char evacuees, who travelled 
farther than most (to mainland embankments), 
stayed away from home an average of 35 days. 

Similar patterns of movement applied to livestock, 
although cattle were moved to higher ground in 
much higher proportions. The duration of evacua-
tion was similar to that tbr people. Evacuation 
from island chars was about twice the average for 
other locations, likely due to the cost and difficulty 
of arranging transport and the lack of grazing land 
in submerged island chars. Despite the fact that a 
majority of animals were moved, substantial 
numbers (Table 3.19) were lost during the flood, 

There are potentially high benefits fiom providing 
shelters that can safely accommodate livestock and 
people within the affected islands or mauzas. This 
would help to save the lives of people and their 
animals, reduce travel costs, and save some per-
sonal possessions. 

Table 3.19 Movement of Livestock in 1988 

Unprotected Island Attached Unprotected 
Mainland Char Char Mainland 

5 14 21 13 

0.44 1.34 1.82 1.18 

3.7 	 Impact on Incomes and Recovery Mea­
sures Taken 

Analysis so far mainly has concentrated on direct 
damage and evacuation. Loss of income from 
charland cultivation clearly also was great, with a 
high proportion of expected aus and aman produc­
tion lost. The study also investigated impacts on 
other income sources in terms of the number of 
months incomes were affected and the proportion 
of normal income received. Table 3.20 shows that, 
in general, incomes in 1991 were little affected by 
flooding, except that farm laborers had relatively 
lower incomes than normal in comparison with 
other occupational groups. Fishermen in Bhuapur 
reported better than average catches during the 
1991 monsoon season. 

Fishermen were the only occupation group virtual­
ly unaffected by the 1988 flood. Laborers received 
only about one third of their normal income during 
the flood period; combined with the damage and 

Bhuapur Kurigram 

Island 
Char 

Attached 
Char 

Unprotected 
Mainland 

Island 
Char 

Attached 
Char 

Unprotected 
Mainland 

Households Moving Livestock (%) 86 76 73 80 73 74 

Duration of Livestock Movement 28 11 11 27 20 10 
(days) 

Number of Large Livestock Lost 2,814 1,951 1,086 840 1,995 1,163 

Source: Household Flood Proofing Survey 
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Table 3.20 Percent of Norm,, I Income Received by Household During Flood 

Bhuapur Kurigram 

1988 1991 1988 1991 

No, No. No, No. 
Source of Income Mlean 5. ,1/.iMean % l/1H Mean . 1-41/H Mean % H/H 

Agriculture Labor 34 42 79 

Fishery 86 116 

Non-agricultural Labor 39 89 

Domestic Work 4 82 

Business/Trade/Craft 4 92 

Regular Livestock and Poul-
try Income 

4! 122 86 

Source: Household Flood Proofing Survey 

Data are for households with that income source.
 

disruption suffered in the flood, this must have put 
a severe strain on the finances of these households. 
Businesses, trades, and non-farm labor lost an 
average of about 50 percent of their normal in-
comes, while loss of livestock and household 
dislocation resulted in regular livestock incomes 
(as opposed to distress sales) of about a third of 
the normal level. 

Flood-affected households need resources to 
recover from a flood. The main means of quickly 
obtaining such resources are: as gifts or relief, by 
selling assets, by taking a loan, or by finding extra 
work. Since men and women may take different 
recovery measures, data on each were collected 
separately. In some cases men and women may 
have cited the same measure, but in this way an 
indication was obtained of who was responsible for 
the sale of an asset or who took extra work. 

Table 3.21 shows that men mainly reported receiv-
ing relief (from government or NGOs), but this 
reached less than 50 percent of all Blhuapur house-
holds in 1988 and only 69 percent of Kurigram 
households; more island char households appear to 
have received relief. Very few households are 
helped by rich people, and even though more 
received help from relatives they were not a major 

40 28 87 65 85 

9 5 87 4 

36 109 85 25 

6 " 0 84 9 

43 5 . 24 82 22 

116 34 122 81 119 

source of recovery assistance. Obtaining extra 
work outside the area was a major response and 
was particularly important in Kurigram. While 
some migration for work normally takes place, 
leaving the island chars to find work was obvious­
ly important for many households. Loans, both 
formal and informal, were also an important 
response in all areas, but in the Kurigram island 
chars credit may have been harder to obtain 
(perhaps because of remoteness from institutions 
plus general loss of resources within the charland 
community) than in the other charland areas. 

Sale of assets is collectively the main source of 
funds to cope in a flood and recover afterwards (to 
cover living costs and rebuild houses, for exam­
pie). Selling and mortgaging land was relatively 
rare in both study areas even in 1988 (under 20 
percent of households did so). Livestock were the 
main asset sold to obtain cash, emphasizing the 
importance of animals as a store of wealth that can 
be quickly realized in an emergency. About 40 
percent of all households sold livestock; this 
presumably accounts for the substantial fall in 
reported cattle numbers in the two study areas 
between 1988 and 1991. While these sales met an 
immediate need, they represent a loss that appears 
not to have been subsequently recovered. This 
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Table 3.21 Flood Recovery Measures Taken by Men (percent of households) 

Sold Help Help Govt 
Work Land Land Livestock Jewelry Other from from /NGO 

Char Typo Outside Sale Mortgage Sale Loan Sale Coods Relative Rich Help 

I3UUAPUR 

Island 46 7 9 43 33 0 17 22 3 57 

Attached 28 16 18 42 40 8 18 14 4 42 

Unprotected 30 17 20 27 27 3 33 17 0 27 
Mainland 

All 37 12 14 39 34 3 21 19 3 46 

KUR.GRAM 

Island 52 7 22 52 18 0 10 28 8 73 

Attached 46 5 9 41 32 9 14 9 9 77 

Unprotected 43 13 16 35 31 3 21 10 7 62 
Mainland 

All 47 9 17 43 26 3 15 17 8 69 

Source: Household Flood Proofing Survey 

Table 3.22 Flood Recovery Measures Taken by Women (percent of households) 

Sold Help Help Govt/ 
Work Land Land Livestock Jewelry Other from from NGO 

Char Type Outside Sale Mortgage Sale Loan Sale Goods Relative Rich Help 

BHUAPUR 

Island 3 1 1 19 6 13 10 13 1 43 

Attached 4 6 6 10 14 20 10 8 4 32 

Unprotected 10 10 13 7 3 17 17 13 3 30 
Mainland 

All 5 5 5 13 8 16 11 11 3 37 

Island 18 2 7 17 3 13 8 27 10 55 

Attached 46 5 9 41 32 9 14 9 9 77 

Unprotected 43 13 16 35 31 3 21 10 7 62 
Mainland 

All 47 9 17 43 26 3 15 17 8 69 

Source: Household Flood Proofing Survey 
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means that in the longer term land preparation 
may have been handicapped and the grazing 
resources of the charlands may be under used. 

Women were reported to have taken fewer mea­
sures than men to recover finances after the 1988 
flood, reflecting social constraints on their pa:tici­
pating in the wider society and in financial mat­
ters. Despite these constraints, women in many 
households received relief goods (more in Kuri­
gram than in Bhuapur; Table 3.22). More women 
in Kurigram took work outside the homestead to 
earn money after the flood. Given the social norms 
against such work, this presumably reflects rela­
tively higher losses. Some women, who presum­
ably held title to land, sold or mortgaged it, and 
up to 20 percent sold their jewelry (more than 
reported by men). 

"Traditional" flood proofing measures such as 
house raising and flood shelters can help to reduce 
damage and thereby reduce strain on household 
resources. It will not be possible to prevent all 
damage, however, and agricultural and income 
losses may be unavoidable. It is therefore impor­
tant that charland households receive help in 
finding paid work so that they can obtain the 
resources on which to live and rebuild houses 
following a severe flood. 

One way that this could be achieved is through 
food-for-work or paid work provided to make or 
restore flood shelters and raise houses following a 
severe flood. This could be fitted into existing 
programs that otherwise tend to avoid the char­
lands because of the high risks and lack of oppor­
tunity for the usual earthworks on roads and 
embankments. In this way incomes would be 
created at a critical time and future losses would 
be reduced. Such programs would try to avoid th3 
most erosion-prone locations, but would have to 
accept that the life of earthworks might not be 
more than 5-10 years, after that chars would be 
likely to have eroded, their people moved, and the 
same type of aid would again be needed. 
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Chapter 4
 

APPLICATION OF FLOOD PROOFING
 

4.1 	 Introduction 

Mitigating flood effects in the charland:; is compli-
cated by the innate instability of these areas. Flood 
protection facilities like embankments and water 
control structures are neither technically nor 
economically feasible in the chars because of the 
high risk of erosion, low value of the land, and 
low population densities. Therefore, the main 
options for mitigating flood losses are flood 
proofing and flood preparedness. 

Charland families and communities traditionally 
have depended on their own initiatives to "flood 
proof" their livelihoods, properties, and posses-
sions against damage or loss during floods. For 
example, the floors of houses are usually raised 
above ground level and the side slopes of home-
stead areas are planted with grass to protect 
against erosion by wave action (Plate 2). Such 
traditional flood proofing efforts, however, have 
only limited success; even in years of normal 
flooding households in both study areas suffer 
significant losses. In 1991, which was close to a 
normal flood, for example, average homestead 
losses equalled about one month's agricultural 
wages and average gross agricultural losses per 
household equalled about three months' wages (see 
Table 3.9). In the larger flood of 1988, average 
homestead losses for both locations equalled about 
six months' agricultural wages and average gross 
agricultural losses per household equalled about 12 
months' agricultural wages (see Table 3.4). 
Hence, there is a clear need to mitigate the effects 
of flooding on people living in char areas. 

This chapter discusses flood proofing measures 
that could be applied to char areas, then presents 

data on the flood proofing preferences of charland 
households. This is followed by discussion of 
issues related to the implementation of flood 
proofing and tie features of specific flood proofing 
measures. In the next chapter, the possibilities of 
flood proofing char area communities are investi­
gated using two case studies. 

4.2 	 Possible Flood Proofing Meisures 

The objective of flood proofing is to avoid loss of 
human life, reduce the disruption caused by 
floods, and improve normal social and economic 
activities during and after a flood. Flood proofing 
activities find ways for people to live and improve 
their lives in an environment that frequently 
floods. Flood proofing measures can be grouped 
into three categories: (a) measures focused on 
saving human lives and reducing human suffering; 
(b) measures focused on reducing the disruption 
caused by floods, such as measures affecting 
incomes and liveiihood; and (c) measures relating 
to public utilities, infrastructure, and services. 
Some flood proofing measures related to each of 
these groupings are discussed below. 

4.2.1 	 Saving Lives and Reducing 
Suffering 

Floods can exact a toll on human life; cause 
illness, extreme physical distress, and mental 
stress, and severely disn;.., social and economic 
activities. Many of the lives lost during floods are 
the result of drowning; and the disruptions mainly 
result in people's inability to sustain normal life 
during and after the flood because of the absence 
or shortage of such basic necessities as shelter, 
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food, fuel, and clean drinking water. Damage or 
loss of peoples' personal property and capital 
assets also causes considerable suffering.1 Damage 
or loss of these necessities and possessions can 
lead to deterioration of the health and physical 
condition of those affected and impair their ability 
to recover and earn wages. 

Flood proofing measures that reduce the. risk to 
human life and decrease the suffering caused by 
floods include: 

* 	 raising floor levels of houses above peak 
flood level to ensure sufficient dry space 
to carry out normal daily activities; 

" 	 placing material around earthen house 
plinths to protect the soil from erosion by 
wave action or rainwater; 

" planting vegetation (trees, catkin grass, 
etc.) to protect against erosion and encour-
age sedimentation; 

* 	 constructing community flood shelters; 
* 	 providing sanitation and water facilities; 
* 	 raising hand tubewells above peak water 

levels to ensure the availability of clean 
drinkiag water throughout a flood; 

* 	 providing flood-free areas to store the 
family's capital assets (by raising floor 
levels or providing materials for roof-level 
storage, for example); and 

* 	 improving the availability of boats. 

Non-structural measures include: 

* 	 flood warning system; and 
* 	 information on floods during the event, 

4.2.2 Incomes and Livelihood 

During and after floods, the main hardship suf-
fered by many people results from the disruption 
of the local economy and consequent shortage of 
employment opportunities and absence of income. 
Most poor people have insufficient food or money 
reserves to survive without a regular income from 
self-employment or w.g'.-s, and the lack of income 
can lead to devastating social and economic losses 
that can result in severe malnutrition, homeless-
ness, and displacement. 

Flood proofing measures that could improve 
employment in flood-prone areas include: 

* 	 improving the yield of such flood-tolerant 
crops as deep water aman; 

* 	 protecting seed and fertilizer storage ar­
eas/godowns;
 
identifying and supporting alternative
 
employment activities that can continue
 
throughout a flood;
 

* 	 ensuring access to and protection of com­
mercial facilities and necessary support 
services so that employment activities are 
unaffected by flooding; 

* 	 making credit available after floods; 
* 	 improving returns on dry season cultiva­

tion to make farmers less dependent on 
income from wet season cropping; 

* 	 improving access to markets to enable 
production of cash crops; and 
providing livestock shelters and local 
veterinary services to improve livestock 
survival. 

The impact of flooding on economic activities 
should be assessed as an integral part of national, 
regional, and local development planning. 

4.2.3 	 Infrastructure and Public 
Services 

Public utilities in char areas are limited, mainly 
consisting of hand tubewells for water supply and, 
in a few locations, electricity supplies. Infrastruc­
ture includes roads, footpaths, ferries, irrigation, 
and markets. Public services include education and 
health services, postal and telephone services, and 
administrative services such as police and land 
registration. Infrastructure and services available 
on adjacent mainland may also be important to 
people living in the chars. 

Communities face many problems during and after 
floods because of the disruption of public utilities 
and services and damage to public infrastructure 
either on the char or in the adjacent mainland. 
Ensuring that essential services and infrastructure 
remain operable throughout a flood would allow 
the free flow of materials and information between 
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flood-affected areas and the rest of the country. 
Goods and services could still be supplied to 
affected areas, and markets could still operate to 
distribute them; scarcity would be avoided and 
prices would be more stable. 

Flood proofing communities involves identifying 
critical public services and infrastructure. Govern-
ment agencies would be responsible for ensuring 
that facilities are designed and constructed to 
provide consistent and agreed upon standards of 
usability and accessibility to the public throughout 
flood events. 

4.3 Measures Preferred by Locil People 

As part of the household survey, respondents were 
asked to indicate their preferences from among a 

Table 4.1 Household Preferences 

Measure 

Flood Shelter 

House Raising 


Clustered Settlement Raising 


Boats in Flood 


Strengthen Plinth 


Low-interest Loans after Flood 


Build Bund 


Local R lief Fund 


Floc. Warning 


Grass Barriers 


Other Barriers 


Brick Mattress 


Plant Trees 


Cattle Shelter 


Flood Information 


Source: lousehold Flood Proofing Survey 
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list of flood proofing measures that could be 
locally implemented to mitigate the effects of 
floods and erosion (see Appendix A, Questions 9 
and 10). 

4.3.1 Flood Proofing Measures 

Table 4.1, which contains data from both Kuri­
gram and Bhuapur, indicates that raising house 
plinth levels, providing boats, raising the ground 
level of clustered communities, and providing 
flood shelters were the flood coping options 
preferred by both male and female respondents. 
Providing shelters only for cattle was not consid­
ered a significant measure. Women indicated a 
stronger preference for raising house plinths and 
local relief funds than for such community-based 
measures as raising the level of clustered commu­
nities or building flood shelters. 

for Flood Proofing Measures (percent) 

Most Needed Next Most Needed Third Most Needed 

Male Female Male Female Male Female 

32.2 30.2 20.4 23.3 14.2 12.1 

22.1 26.3 5.3 8.1 4.0 4.0 

17.3 14.2 12.3 8.1 8.0 8.1 

9.7 9.7 29.8 19.6 11.7 19.7 

4.5 3.8 1.8 3.0 1.8 3.0 

3.1 3.8 7.7 7.8 19.3 10.6 

2.1 3.5 2.1 4.1 1.8 1.0 

1.7 2.8 4.2 7.4 10.9 17.7 

1.4 1.0 2.1 3.0 3.3 0.5 

0.3 0.3 - - 1.5 1.5 

0.7 - 2.5 6.7 4.7 4.5 

0.3 0.3 0.4 1.1 0.7 ­

- 0.3 1.8 3.0 0.7 2.5 

0.3 0.3 4.2 3.0 8.4 5.1 

- 0.3 - 0.4 - 0.5 
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Table 4.2 Household Preferences for Erosion-coping Measures 

Measure 

Provide Homestead Plots 

Arrange Boat for Household 

Resettlement Loans 

Resettlement Grants 

Security of Tenure on Embankments 

Secure Rights to Eroded Land 

Allocation of KhLas Land to Erosion Victims 

Boats to Help Move House 

Free Temniorary Accommodation 

Number of Households Reporting Preference 

Source: Ilousehold Flood Proofing Survey 

The provision of boats was the second most-
mentioned measure overall, but it was more 
frequently a measure of secondary preference. 
Similarly, non-structural measures were raised as 
first preference but were mainly recorded as the 
next most-needed and third most-needed measures, 
particularly among men. Of the non-structural 
measures, credit in the form of low-interest loans 
was considered to be the most important by men, 
while women considered local relief funds to be 
more important. 

4.3.2 Erosion Coping Measures 

Among the erosion coping measures (Table 4.2) 
there was a clear preference for the provision of 
homestead plots, which may reflect the difficulties 
respondents have finding new plots. Other promi­
nent measures include arranging boats, ensuring 
rights to eroded land, and providing free tempo­
rary accommodation. Lesser measures were pro-
viding resettlement loans and grants, allocating 
klias land to those whose land has eroded, and 
ensuring security of tenure on embankments used 
for temporary shelter. Female respondents showed 
a slightly greater preference for the provision of 

First Preferred Second Preferred
 
Measure Measure
 

Male Female Male Female 

48 42 12 14 

11 12 17 20 

6 5 10 5 

4 5 13 16 

1 2 2 1 

10 12 19 10 

5 4 11 8 

2 4 3 7 

11 14 13 19 

288 287 283 274 

free temporary accommodation and boats and 
lesser preference for the provision of homestead 
plots. 

Among tie large-scale measures to reduce flooding 
impact (Table 4.3), respondents preferred embank­
ments to protect their land and property (at least 
among those on unprotected mainland) and the 
dredging of rivers. Among the large-scale erosion­
reducing measures, respondents preferred protec­
ting land by brick mattressing and making changes 
in river alignment (Table 4.4). 

Overall, respondents clearly preferred measures 
that protect their homesteads and, secondarily, the 
provision of flood shelters. 

4.4 lnplementalion Issues 

4.4.1 Planning 

Households are affected by floods in different 
ways, and peoples' responses to floods and capaci­
ty to cope with them depend upon their unique set 
of physical resources and social support. Effective 
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Table 4.3 Household Preferences for Large-scale Flood-coping Measures 

Measure 

Proper Drainage Facilities 

River Dredging 

Close Canal Entrance 

Pucca Embankment 

Make Embankment along Riverbank 

Build High Road 

Provide Free Temporary Shelter 

Number of Households Reporting Preference 

Source: Houschold Flood Proofing Survey 

flood proofing is based on overcoming the vulner-
abilities of local populations and building on their 
capacities to cope with the challenges of daily 
living. Floods and erosions, while major prob-
lems, are only two of char dwellers' vulnera-
bilities, others include inaccessibility, poverty, 
lack of education, dry season drought, and the 
predominance of sandy, low-fertility soils. Their 
social vulnerabilities include domination by large 
landholders, a feudal social structure, and remote-
ness from the mainland. All of these vulnerabilities 
can be exacerbated by flooding and erosion. The 
capacities of the charland households include 

First Preferred Second Preferred 
Measure Measure 

Male Female Male Female 

6 4 9 9 

28 30 52 46 

3 3 3 -

6 10 10 5 

53 48 24 41 

3 4 3 -

1 1 - -

141 95 71 22 

relatively low population densities and extensive 
grazing land. Social capacities include the kinship 
and support provide by samaj and uthuli and a 
willingness to cooperate with one another, particu­
larly in times of need. 

The impact of floods needs to be seen in the 
context of the other community vulnerabilities in 
order to identify flood proofing measures that are 
appropriate for, and can be sustained by, individu­
als or the local community. For example, invest­
ment in raising house plinth levels may not be 
sound if there is a high risk that the whole home-

Table 4.4 Household Preferences for Large-scale Erosion-coping Measures 

Measure 


Remove Embankments 


Change River Alignment 


Brick Mattressing Along Riverbank 


Plant Catkin Grass 


Bamboo Fence Along Riverbank 

Free Passage of Floodwater (no embankments) 

Number of Households Reporting Preference 

Source: Household Flood Proofing Survey 

ISPAN CharLand Study - Flood Proofing 

First Preferred Second Preferred 

Measure Measure 

Male Female Male Female 

3 7 6 16 

33 20 25 13 

47 44 33 29 

8 18 15 19 
3 4 15 13 

6 7 6 10 
66 45 48 31. 
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stead could be lost to erosion. Indeed, at present, 
households living on older, more mature chars 
invest more in flood proofing their homesteads 
than households on newly accreted chars, where 
the risk of erosion is much more uncertain, 

Appropriate flood proofing measures can be 
determined through a process of identifying and 
assessing tie vulnerabilities and capacities of 
households and communities. Tile process requires 
the active participation of all community members. 
Their participation recognizes the ability of people, 
particularly those who live in rural areas, to 
identify their own problems and implement sus-
tainable measures that meet their most pressing 
needs. 

A methodology for planning and implementing 
flood proofing measures needs to be developed and 
field tested in a number of different flood environ-
ments, but the basic process should include: 

, the identification of flood characteristics; 
" the identification and assessment of local 

vulnerabilities and capacities; 
* 	 the assessment of impact of floods and 

local needs; and 
" the identification of appropriate measures 

that are technically, socially, and economi-
cally viable, 

4.4.2 Benefits of Flood P,-:o!:,g 

The cost of evacuating includes travel expenses, 
temporary accommodation costs, increased prices 
for food, fuel, and other essentials in unknown 
markets, and the expense of returning to and 
re-establishing tie homestead. The cost of each of 
these items depends upon several factors, among 
them, the distance traveled, tie place of refuge, 
and the duration and reasons for evacuating. 

4.4.3 Institutional Issues 

In order to assess possible institutional arrange­
ments for implementing flood proofing, respon­
dents in the household survey were asked who 
should be responsible for implementing specific 
measures and who should pay for them. 

The measure most preferred by respondents-rais­
ing house plinths-was mainly perceived to be a 
household responsibility, while raising clustered 
communities was considered a conmunity-based 
action primarily involving the homestead but also 
the responsibility of the samaj and neighborhood 
(para). Male and female responses were similar. 

Flood shelters were seen to be the responsibility of 
government institutions other than the union 
parishad or thana. This may reflect the remoteness 
of local government institutions and the villagers' 
inability to differentiate between government 
departments or activities. Likewise, the provision 
of low-interest loans was seen as the responsiblity 
of other government agencies. NGOs and the 
union 	parishad were considered secondary sourcesThe quantifiable benefits of flood proofing include 

preventing the loss or damage of property and for such loans. 
physical possessions and avoiding the need for 
households to evacuate their homesteads. Table 4.5 Willingness of Respondents to Pay for 
Other factors, such as loss of earning and the Flood Proofing Measures 
related cost of lost opportunities while evacu- _FloodProofingMeasures 
ating, are more difficult to determine, al- Level of Contribution Male Female 

though some of these costs will not be avoid- All Costs 26 30 
ed by flood proofing structures since the 

48 42
flooding will affect the availability of work. Part of Cost 

None of Cost 26 28 

Estimates of homestead losses has been deter- Number of Households 288 285 
mined from information collected in the 

Source: Household Flood Proofing Survey
household survey (see Table 3.12). 
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The provision of boats was mainly perceived to be 
the responsibility of households and government 
agencies other than those of the union or thana, 
although union parishads and NGOs were also 
mentioned as having some responsibility, 

NGOs, mentioned also in connection with tie 
provision of flood shelters, were not seen as 
significant providers of any measures, which 
probably is due to their lack of activity in many 
char areas. 

Non-structural measures were consistently seen to 
be the responsibility of other government agencies, 
and partly the responsibility of the union parishad. 

The willingness of respondents to bear the costs of 
flood proofing measures is shown in Table 4.5. 
Most respondents were willing to bear all or part 
of the cost, while only about a quarter were 
unwilling to bear any of the cost. 

4.4.4 	 Environmental Issues 

Flood proofing measures, by definition, are 
small-scale and therefore will not significantly 
affect river morphology; "flood-proofed" charland 
therefore would still be susceptible to the process-
es of erosion and accretion. 

Raising the floor levels of houses and providing 
shelters will improve the human environment and 
give those living in tie chars more resources that 
can be invested in productive activities rather than 
having to use them for recovering from floods, 

4.5 	 Discussion of Some Flood Proofing 
Measures 

4.5.1 	 Housing 

People prefer to stay in their own houses during 
floods, but to do so, the floor of the house must 
be above flood level and the house plinth must be 
protected from erosion. In preparation for a flood 
householders often construct platforms (macha) 
raised above the floor level. A macha, while a 

ISPAN Charland Study - Flood Proofing 

low-cost solution to the problem, restricts space 
for such daily activities as food preparation and 
sleeping. Raising the floor of a house provides 
more space, but it is more expensive. A solution 
combining the features of both-building floors of 
wood or bamboo slats supporte1 on a timber 
frame-could also be an option, but villagers 
prefer the solid earthen floor because the slated 
floor would be too drafty during the winter. 

The main reason people have to move out of their 
houses is high water levels, although some houses 
collapse following inundation due to their poor 
quality (see Table 3.18). Improving the housing 
stock could be done by: 

raising floor plinth levels to above maxi­
mum water level; and 
improving the standard of construction. 

Householders in char areas traditionally have 
constructed their houses on the highest available 
land, and if the elevation of the land is insufficient 
to ensure that their houses stay dry during floods, 
householders have raised the floor or plinth levels 
or the level of the whole homestead compound. 
Since floors are made from earth, raising floor 
levels usually involves placing more soil on the 
existing floor. 

Charland houses are constructed with earthen 
floors for a variety of reasons including low cost, 
ready availability of materials, and their ability to 
prevent entry of cold winds during the winter 
season. The disadvantage of such floors is their 
susceptibility to erosion by rain and floods. Al­
though many households provide vegetative pro­
tection to the sides of the plinth (Figure 4.1 and 
Plate 2), this practice could be encouraged further. 

Householders limit their investment in raising floor 
levels because of the risk of losing the whole 
house to erosion. Houses are designed to be easily 
dismantled so that they can be moved quickly 
when erosion is imminent. Householders living on 
more mature chars have invested more resources 
in ensuring that their houses are above flood level 
than those living on recently accreted chars. The 
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latter group is waiting to see if their homestead 
sites will be sustainable in the long-term before 
they invest more in flood proofing. 

4.5.2 Flood Shelters 

The purpose of a flood shelter is to provide tempo-
rary refuge to people whose houses are unable to 
protect them during floods. Community activities 
are not strongly developed in Bangladesh, and 
flood shelters have not been a traditional flood 
proofing measure. 

During the 1988 flood in Bhuapur, about 44 
percent of households on island chars evacuated 
from their homesteads. Of the evacuated house-
holds, 43 percent went to nearby relatives' houses, 
48 percent sheltered on embankments, and 9 
percent took shelter in public land and buildings 
(see Table 3.15). In contrast, about 34 percent of 
households on attached chars evacuated. Of these, 
76 percent went to embankments and 24 percent 
went to other public land and buildings. In Kuri-
gram, about 50 percent of households on island 
chars evacuated 69 percent of whom went to 
relatives' houses, 15 percent to neighbors' houses, 
and only 17 percent to embankments. Households 
on attached mainland in Kurigram were more 
affected by the flood: 73 percent evacuated; most 
went to embankments (44 percent), and smaller 
numbers went to relatives' houses (19 percent) or 
public buildings and land (25 percent). 

In Bhuapur, about 45 percent of the evacuating 
households moved to another mauza in the same 
union, while in Kurigram 89 percent of evacuating 
households stayed within the same union, with the 
majority moving within the same mauza (see Table 
3.16). In both locations, the main reason for 
evacuating was because the depth of water inside 
the house was too high (see Table 3.17). Whether 
households were inhabitable upon return is un-
known, although destruction of the house during 
the flood was not given as a reason for evacuating. 

The nearest embankment can be quite distant and 
the cost of moving high. Average moving costs 
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across all households are given in Table 3.3 for 
1988, but not all households moved. The average 
costs for households that did move were Tk. 637 
in Bhuapur and Tk. 498 in Kurigram. 

The need for shelters is greater in the island chars 
than on attached chars or unprotected mainland, as 
the latter households tend to move within the same 
mauza where there are nearby embankments and 
other high ground. In Kurigram, the number of 
families stayiag in the mauza isalso sizable, which 
may reflect the remoteness of embankments, a 
shortage of transport, and an unwillingness to 
leave houses empty for security reasons. Although 
embankments provide refuge, social organization 
tends to break down in the crowded conditions of 
a shelter, and basic facilities are scarce. Therefore, 
there may be a need for local flood shelters in 
most char areas. 

In addition to providing refuge for people, flood 
shelters need to provide refuge for animals, which 
are a major part of the economy in char areas. 
There is considerable movement of livestock 
during floods (see Table 3.19), and local shelter 
facilities would reduce the cost of moving them. 
Even though more than 70 percent of the study 
area households moved livestock for periods of up 
to 28 days from island chars, 11-20 days on 
attached chars, and 10-11 days on unprotected 
mainland, there were still major losses of livestock 
(see Table 3.19). 

Since floods occur only periodically, flood shecers 
should be designed so they can primarily be used 
as schools, health centers, or to meet other com­
munity needs. The main use of the buildings 
should dictate their design, but they should be 
flood proofed and easily adapted for periodic use 
as shelters. The main features of shelters are: 

• dry shelter for families;
• cooking facilities; 

• drinking water facilities (hand tubewells); 
* sanitation facilities for men and women; 
0 storage space for fodder, fuel, and food; 
* secure storage space for household items 

ISPAN Charland Study - Flood Proofing 
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and possessions; and 
storage space for livestock, 

Plates 5 and 6 are photographs of a typical flood 
shelter. 

The siting and design of shelters has to take into 
account a number of factors including: population 
density; access during flood; land availability; 
height above flood level; protection from the 
weather. The duration of the flood event and the 
likely time that people will need to stay in the 
shelter after the event and before they are able to 
return to their homesteads should also be consid-
ered. 

4.5.3 Boats 

Boats are a critical component of char life. Im-
proved access to boats would reduce the cost of 
inputs and decrease the cost of marketing outputs. 
During the monsoon season, when river levels are 
high, boats are the only way people and goods can 
be moved. In the dry season, when river levels are 
low and large areas of charland are exposed, 
transport of goods usually requires a combination 
of land transport and short crossings of waterways. 

The number of boats in Bangladesh has been 
decreasing over the past 20 years. This trend 
started to reverse with the introduction of lower 
cost boats made with timber frames and "tin sheet" 
paneling. These composite boats last about five 
years if regularly maintained and are about 
one-third the cost of wooden boats. In addition to 
the lower cost of materials, the composite boats 
take about two to three days to construct versus 20 
days for an equivalent wooden boat. 

Flood embankments have caused serious problems 
for boats as many waterways have been blocked 
and channels have dried up. 

Commercialization of country boats lessens the 
need for individuals to have boats. Commercial 
boats have carrying capacities of greater than 50 
maunds (2,000 kg). Mechanization has made it 
possible for boats to make more frequent trips, 

thereby increasing overall transport capacity. For 
example, a trip that would take three to four days 
under sail can be made by a mechanized boat 
about one day. This has improved access to mar­
kets for char people, and most island chars are 
now connected to local markets by engine boat 
services on market days. 

Boat owners are less inclined to use their boats 
during floods beciuse of the higher risks caused 
by more turbulent flows. 

Country boats are in the informal sector, and as a 
result tend to be exploited by everyone. If country 
boats can be institutionalized, some of the prob­
lems can be overcome. For example, truck 
owner's associations pay "advance harassment 
fees" so that their trucks are not delayed and do 
not have to pay off police or other parties on the 
roadside. By contrast, boats moving from the 
lower Jamuna to the Meghna have to pay numer­
ous parties as they cross different district and 
thana boundaries. 

Most boats are owned by individuals and the 
requirements for group ownership would be 
different. The Country Boat Owners Association 
has been established to improve the conditions for 
boat owners, although at present it has few mern­
bers in the Jamuna area. 

To improve flood and erosion response, boat 
owners need to know there is a demand for boat 
transport so that they can be sure of earning an 
adequate income and are covered for risks to their 
boats. Local communities, for instance, c uld 
perhaps contract boats based in their own area to 
help evacuate and be on standby in emergencies in 
return for a small fee. This could be backed up by 
group insurance through the government or an 
NGO to cover the damage to boats employed in 
official flood/erosion related work. 
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NOTES 

1. Capital assets include houses, homesteads, and commercial and industrial premiscs. Personal property includes pcrsonal possessions 
(funily heirlooms, jewelry, clothes), household furniture and utensils, tools, commercial and industrial equipment (weaving looms, 
fishing ncts), livcstock and fodder, agricultural supplies (seeds, fertilizcrs, ctc.), and food grains and other consumable items. 

ISPAN Charland Study - Flood Proofing 4-11 



Chapter 5
 

CASE STUDIES OF FLOOD PROOFING MEASURES IN TWO CHARS
 

5.1 Introduction 

Case studies of two char areas were conducted by 
tie flood proofing study to illustrate the scope for 
flood proofing measures and determine the techni-
cal, social, and economic feasibility of specific 
flood proofing measures. 

Information for the case studies was collected from 
the flood proofing household surveys, additional 
rapid rural appraisals (RRAs), and topographic 
surveys of the selected areas. Where appropriate, 
the findings of the FAP 16 socioeconomic studies 
and charland inventory also were used. The ap­
proach of the field survey was first to gather 
information about local flood characteristics and 
local responses to floods. Then, on the basis of the 
information collected, a number of specific flood 
proofing measures were discussed with the villag-
ers. The field surveys were undertaken in June and 
July 1993 at the same time as the household 
survey discussed in Chapter 2. 

The areas selected for the case studies were 
Gokulganj Char, in Gabsara mauza of Bhuapur 
thana, Tangail district, and Jhaukuti mauza, in 
Nageswari thana, Kurigram district (Figures 2.2 
and 2.4, respectively). The cost-benefit estimates 
cited below are subject to refinement, but the case 
studies demonstrate a method for performing cost-
benefit analyses on flood proofing measures and 
indicate the likely economic viability of taking 
such measures. 

5.2 Case Study 1: Gokulganj Char 

5.2.1 Description of Gokulganj Char 

Gokulganj Char eroded completely in the 1960s 
but reappeared about two years ago, and the 
newly-iccreted island char has been occupied since 
early 1992. Most of the char lies within Gabsara 
mauza, but a small area on the eastern side of the 
char is in Jaghatpura mauza. The layout of the 
char is shown in Figure 5.1, and a more detailed 
section of the char's northern part is shown in 
Figure 5.2. 

About 45 households are living on the char, 12 of 
which came from Jaghatpura mnauza to the north­
east, eight from Digri Char to the south, 15 from 
Chadro Bari mauza to the east, and 10 fiom Char 
Susua to the northwest (Figure 5.1). With the 
present layout of homesteads on the char, five 
households are located in Jaghatpura mauza and 
the remainder are in Gabsara mauza. 

The land of the char is about 50 percent lowland, 
which floods to a depth of 2-3.5 m; 30 percent is 
medium land, which floods to a depth of about 1-2 
m; and 20 percent is highland, which floods to a 
depth of 0.5-1.5 in. About 50 percent of the char 
is cultivated, the remainder is either sand or catkin 
grass. Of the cultivated land, about 40 percent is 
single cropped, 50 percent is double cropped and, 
10 percent is triple cropped. In the first rabi 
season, the main crops were klesari,sweet potato, 

ISPAN Charlad Study - Flood Proofing 5-1 



Char Bihariig 

........i iii i..........i~ 

:: iii! i::i ........! ... ......i!!i~ii iiii iiii ...............iiiii 

For detail map)I see Figure 5.2 

iiiiiiiiiiii::iii~~~~~~~ii~~i .... ..........iss~~:!:i:::ss!:::;i:: 

Gokulganj .... 

C r 

... /River Channe 

Sou=c: FicId 0b6cmvaton 

Figure 5.1 Layout of Gokulganj Char 

5-2 ISPAN Charland Study - Flood Proofing 



(U05O~Uo IIuP) juqa !Vv2MoDI4 jo dtuu Hpmaa rS aJ1 
2
U 

-----

E3 

..... 

{. 

(t1wws$-w 

El 

ElEl:lI 

ElDE 

(w] N13111 
-nn­



wheat, and mustard. In the following kharif 
season, the main crops were broadcast aus/aman 
(55 percent), millet (35 percent), dhaincha (5 
percent), and jute (5 percent). Figure 5.2 shows 
the crops being grown on part of the char in June 
1993. 

The main sources of income for the households of 
Gokulganj Char are cattle fattening and fishing. 
Agriculture had started in the year of the survey, 
but the yields of the main kharif crops were 
expected to be low because of t.e new soil and the 
depth of new deposition during the last flood 
season. Minor sources of income include selling 
cow dung, catkin grass, and jute sticks. Many 
household members also have to work as day 
laborers. 

All households are involved in cattle fattening on 
a share basis, although some also own cattle. 
Under the share arrangements, cattle are owned 
either by people from the mainland, by relatives, 
or by former neighbors. 

Catkin grass grows on the periphery of the char 
and assists accretion and reduces erosion (Plate 4). 
Areas of catkin grass are protected from livestock 
and other villagers to prevent damage to the 
plants. Catkin is also planted around households to 
protect buildings from the wave action of floods, 
When the catkin grass is immersed, villagers 
harvest the grass by diving underwater. 

As with most new chars, bananas are the only fruit 
trees growing on Gokulganj Char. In addition to 
providing fruit, the stems of the banana trees are 
used to make rafts during floods. Other trees take 
too long to grow and are not planted because the 
villagers cannot be certain that production will 
start before the trees are lost to eosion. 

Settlers only take loans from local moneylenders 
because access to both government and nongovern-
ment banks is too difficult. According to survey 
respondents it is too time consuming to travel to 
the mainland to process bank loans. Settlers 
consider it more productive to sell their labor than 
to take loans. Nongovernment organizations 

consider char dwellers unsuitable candidates for 
loans because disruption of their livelihood by 
floods and erosion would upset the operation of 
the groups on which most NGO credit schemes are 
based. 

The settlers of Gokulganj Char are in food deficit 
for about 10 months a year. During Ashwin/Kartik 
(September-November) and Magh/Falgun (Janti­
ary-February) it is particularly difficult to find 
sufficient income to purchase rice. In these months 
chapatisand cakes are made from kaon (millet). 
During Chaitro (March/April) people eat less 
desirable sweet potatoes. Fish is eaten only about 
twice a week, and dal and vegetables are eaten at 
other cimes. During the monsoon season, 25 
percent of villagers eat three times a day, 35 
percent eat two times a day, and 40 percent eat 
once a day. At other times, 25 percent of villagers 
eat .hree times a day; 40 percent eat two times a 
day; and 20 percent eat rice only once a day and 
15 percent eat other grains (mainly millet) once a 
day. 

Buildings on the char have bamboo or timber 
frames and walls of jute sticks. Roofs are made of 
thatch or corrugated iron (CI) sheet. In all, there 
are 67 buildings with catkin or jute stick walls and 
thatch roofs, 24 with kutcha walls and CI sheet 
roofs, and 4 entirely of Cl sheet. Bamboo for 
construction is purchased from the mainland, and 
dhaincha, the branches of which can be up to 50 
mm in diameter, is grown on the char to provide
wood for roof trusses. As is typical oi chars, 
homestead buildings are grouped around a central 
courtyard, and each building has a specific use, 
such as sleeping and storage, cooking, and cattle. 
Homesteads generally are arranged linearly along 
the ridge of higher ground, although some home­
steads in the southern part of the char are more 
scattered. 

The majority of the buildings are located along a 
ridge on the eastern side of the island (Figure 
5.2). The plinths of most structures are raised 
about 0.3-0.5 m above grour.d level, although a 
few cattle sheds have ficors closer to I m above 
ground level (Plate 3). All households are pre-
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pared to constnict platforms (machas) when 
required. Gokulganj Char is about 3 km from the 
BWDB embankment on the left bank of the 
Brahmaputra. Until 1992 the nearest flood shelter 
was at Digri Char (Plates 5 and 6), about I km to 
the south; in late 1992 the shelter was lost to 
erosion. 

All households have access to hand tubewells for 
domestic water, some also have pit latrines. 

5.2.2 	 Impact of Floods and Needs 
Assessment 

Gokulganj Char, as previously noted, recently 
reaccreted and considerable sedimentation is still 
taking place. In the settlers' opinions, the char 
would be stable for a number of years, and several 
households have constructed buildings with plinths 
1 meter above ground level. The northern part of 
the char is already eroding significantly, however, 
and the settlers in nearby areas are uncertain how 
much longer they will be able to stay on the char. 

During the first year of char settlement (1992), no 
houses were flooded. Settlers expect that their 
houses are likely to be flooded about three out of 
10 years, and they estimated that 1988 flood levels 
would have been about 1.5 m above the 1992 peak 
flood level. If a 1988 flood occurred under present 
conditions, all buildings on the char would be 
flooded to roof level and some low-lying building 
would be submerged completely. The villagers 
reported that erosion is worse when water levels 
are changing rapidly, especially during the early 
part of the monsoon season, 

If floods arf. severe, householders expect to sell 
livestock in order to finance rebuilding of their 
houses. In addition, many will have to migrate to 
find work. Some will take loans, but interest on 
these loans tends to be on the order of 20 percent 
per month, 

The settlers are aware of the proposal to construct 
a bridge across the Jamuna, but they do not know 
how it will affect them. Some of those interviewed 
objected to the construction of additional embank-
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ments on the mainland because of the potential rise 
of water levels. 

After completion of the bridge and other proposed 
interventions on the Jamuna, flood levels at Gokul­
ganj Char are expected to increase in a normal 
year by about 0.20 to 0.28 m, and flood levels of 
a 1-in-50-year flood are expected to increase by 
0.55 to 0.87 m (FAP 25, 1992 and 1993, and 
Table 3.13 ISPAN 1994). These probable increas­
es in water levels will have significant repercus­
sions on the households of Gokulganj Char since 
their existing flood proofing measures will be 
inadequate to protect their properties from even a 
normal-year flood. Furthermore, the existing 1-in­
25-year flood will become close to a l-in-10-year 
occurrence, and the present l-in-10-year flood 
(that is, the 1987 flood) will become equivalent to 
a 1-in-5-year flood. 

The compensation arrangements made by the 
Jamuna Multi-Purpose Bridge Authority for people 
living in charlands affected by the backwater from 
the bridge are somewhat vague. Under the Revised 
Settlement Action Plan (JMBA 1993) there is 
provision for compensation (to be defined) for 
groups 	not covered by the Action Plan but found 
to be adversely affected by the bridge. When and 
how this may be implemented is unclear, and there 
is no mention of specific compensation for the 
confinement effects that have been modeled and 
predicted by FAP 25. 

If households on Gokulganj Char have to cope 
with the changes themselves, they will incur the 
cost of raising floor plinth levels to the same 
return period. For example, flood plinths presently 
at a -in-10-year flood level will need to raised by 
0.28 to 0.55 m to retain their present effective­
ness, which would cost between Tk. 140 and Tk. 
290 per building, depending on the height raised. 
In addition, cropped land would be adversely 
affected. Detailed study of cropping patterns at 
different elevations and the change in normal flood 
depth and duration plus usual flood risks would be 
needed to estimate agricultural production losses. 
This is currently impossible on Gokulganj as the 
settlers are only in their first year of cultivation. 
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Many households estimate that it would be possi- 1-in-1.2-year or normal flood level (that is, the 
ble to keep more cattle on the char than is done at 1989 or 1992 flood level). The 1988 flood level 
present, but they lack the finances to purchase would be about 1.5 m higher, and in such a flood 
additional stock. most houses on the char would be flooded to at 

least the roof leIel. 
As in many island chars, villagers consider erosion 
a greater threat to their livelihoods than flooding To protect at least one building in each homestead 
as they have adjusted their lifestyles to accommo- against the 1-in-25-year flood, floor plinth levels 
date normal floods, whereas erosion takes their would have to be raised about 1.1 m (3.6 ft.).
land and forces them to move to new places. Assuming an average floor area of 20 i 2, the cost 

of raising one building is Tk. 620. The total cost 
5.2.3 	 Assessment of Some Flood for the 45 households on the char would be Tk. 

Proofing Measures 27,900. Tile raised plinths would have to be 
adequately compacted, but it may be necessary to 

The problems and losses faced by villagers during extend the main poles supporting the roof to 
floods would be greatly reduced by ensuring that ensure the stability of house structures. 
people could stay in their own houses or, alterna­
tively, by providing a community flood shelters The main benefits of raising floor plinth levels are: 
within the para. The feasibility of these two 
options is analyzed in detail below. saving of evacuation costs including trans­

port, temporary shelter, increased cost of 
Housing domestic essentials (fuel, food, etc.); 

0 savings in house damage repair costs; and 
At present, house floor plinths are about 0.3 m 0 savings of damage to house contents 
above ground level, which protects them from the (grain, fuel, personal possessions, etc.) 

Table 5.1 Benefits of Raising Floor Plinth Levels: Gokulganj Char* 

Return Periodt 

Benefit (losses avoided) I in 2 1 in 5 1 in 10 1 in 25 1 in 50 

Average Depth of Water in Houses (m) 0.06 0.50 0.80 1.25 1.50 

Households Evacuated (%) 0.10 0.16 0.40 0.70 0.88 

Savings of Evacuation Costs (Tk.) 
-temporary shelter including transport 1,350 3,375 6,750 7,875 10,035 

-increased cost of domestic goods 450 720 1,800 3,150 3,960 

Savings from House Damage (Tk.) 

-grass walls/thatch roof 23,130 38,385 37,755 51,210 54,945 

Savings of Possessions (Tk.) 

-food grain 148.5 1,350 4,500 9,000 19,485 

-personal possessions 1,147.5 4,500 6,750 11,250 17,325 

-poultry 2,250 4,500 6,750 9,000 13,500 
Total (Tk.) 28,476 52,830 64,305 91,485 119,250 
Source: Charland Flood Proofing Study 
*Total households = 45 
t 19 8 8 taken as I in 50 year flood; 1991 taken as I in 2 year flood 
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Based on the average costs determined from the 
household survey and other information gathered 
during the RRA, these benefits have been quanti­
fied and are shown in Table 5.1. 

Other, more difficult to quantify benefits include 
increased well-being of the community as the risk 
of flood loss and the need for evacuation are 
reduced, 

Economic analysis of raising floor levels is com­
plicated by the risk of losing the investment to ero-
sion and the periodic nature of flooding. 

The periodic nature of flooding is taken into 
account by calculating an annual average benefit, 
which is the area under the loss-probability curve 
where losses are in money units and probabilities 
are the excedence probabilities (reciprocal of 
return periods) for different events (US Water 
Resources Council 1979; Penning-Rosewell and 
Chatterton 1977). Summing the probabilities 
within each interval in Table 5.1 and multiplying 
by the average of the pair of losses gives an 
annual average benefit of house raising of Tk. 
29,845 for the 1-in-25-year return period. 

The risk of losing the investment to erosion can be 
determined as the sensitivity of having to replace 
house plinths at different intervals over a 25-year
project period, as shown in Table 5.2a. 

This assumes that the household moves nearby and 
rebuilds at a similar elevation. If it moves to a 
different location and the life of the investment is 
curtailed by its loss to erosion (which may be 

Table 5.2 Risk of Investment Loss 
(a) 	 (b) 

Replacement of IRR Complete Loss IRR 

House Plinth (%) of Plinth in... (%) 


2 years 70 2 years 13 

4 years 100 4 years 92 

8 years 107 8 years 106 

ISPAN Charland Study - Flood !Proofing 

more realistic for Gokulganj) the IRR changes, as 
indicated in Table 5.2b. 

Overall, investment in raising floor plinths to a I­
in-25-year flood level would be a sound invest­
ment for settlers if they can stay there for four 
years. If they stay for only two years, the invest­
ment is marginal, which indicates that their present 
investment of constructing their houses to a l-in-5­
year 	flood level has a rational basis. 

Flood Shelters 

If raising house floor plinths is not feasible, 
providing a communal flood shelter can be a 
viable alternative. Details of a shelter approprate
for Gokulganj Char are shown in Figure 5.3. The 
buildings would have CI sheet roofs, timber 
frames, and walls ofjute-stick or similar materials. 
The buildings would be designed to be easily 
transported so they could be moved if the land was 
lost to erosion. It was assumed that land for the 
shelter would be donated by the community. 

The 	main belk sits of flood shelters are: 

saving household evacuation costs;
* 	 reduced livestock losses; 
* 	 reduced disruption to cattle fattening 

schedules; and 
reduced loss of possessions. 

Based on average costs determined by the house­
hold survey, the benefits in different flood events
 
have been quantified in Table 5.3.
 

Other benefits, which are more difficult to quanti­
fy, include the use of the shelter buildings for
schools or other community purposes, improve­
ment of community well-being by reducing flood 
impacts, vaccination of livestock when they are all
gathered in one place. The disadvantage of shelters 
is that they do nothing to prevent flood damage. to 

homestead buildings. 

As with raising floor plinths, economic analysis of 

shelters is affected by the risk of investment loss 
to erosion and the periodic nature of flooding. 
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COST ('ri.) 

Platform 
DormLtorles 
Kitchens 
Latrines 
Tubewells 

TOTAL 

19,200 
66,750 
3,400 
6,000 
5,000 

100,350 

PLATFORM 
(40m x 20 x 2M) 
Deolgned to have 0.Sm freeboard 
above I-In-50-year flood 

KITCHEN 
(4m z 31 x 1.Sm) 

LATRINES 

LIVESTOCK AREA 
Accommodates 90 cattle; 200 goatslheep 

per cow; 0.4m per goat/sheep),(.7r(.2m assuming antverage of 2 cattle and 
DO ITWRF 4 goatwiheep per household 

DORMITOREES 
(lSm xSmxI.8m) IITW 

Accomirodates 240 people 
(0.75n;' per person), 

aawunng that 90% of KITCHEN 
households will need shle (4#o x 3mo x 1.8m) 

Figure 5.3 Layout and Characteristics of Flood Shelter for Gokulganj Char 
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Table 5.3 Benefits of Building Flood Shelter: Gokulganj Char" 

Return Periodt 

Benefit (losses avoided) 1 in 2 1 in 5 1 in 10 1 in 25 1 in 50 

Average Depth of Water in Houses (m) 0.1 0.5 0.8 1.1 1.5 

Households Evacuated (%) 0.10 0.16 0.40 0.70 0.88 

Number of Cattle 90 90 90 90 90 

Number of Sheep/goats 40 40 40 40 40 

Cattle Lost (%) 0.01 0.02 0.03 0.05 0.08 

Sheep/goats Lost (%) 0.05 0.10 0.15 0.25 0.50 

Cattle Evacuated (%) 0.04 0.10 0.20 0.30 0.55 

Sheep/goats Evacuated (%) 0.01 0.05 0.10 0.15 0.30 

Savings of Evacuation Costs (Tk.) 

-temporary shelter including transport 1,350 3,375 6,750 7,875 10,035 

-increased cost of domestic goods 450 720 1,800 3,150 3,960 

-travel costs for livestock 144 360 720 1,080 1,980 

Subtotal (Tk.) 1,944 4,455 9,270 12,105 15,975 

Savings from Livestock (Tk.) 

-cattle losses 2,700 5,400 8,100 13,500 21,600 

-sheep/goat losses 900 1,800 2,700 4,500 9,000 

-improved well-being from less disruption 1,080 2,700 5,400 8,100 14,850 

Subtotal (Tk.) 4,680 9,900 16,200 26,100 45,450 

Savings of Possessions (Tk.) 

-food grain 149 1,350 4,500 9,000 19,485 

-personal possessions 1,148 4,500 6,750 11,250 17,325 

-poultry 2,250 4,500 6,750 9,000 13,500 

Subtotal (Tk.) 3,546 10,350 18,000 29,250 50,310 

Total (Tk.) 10,170 24,705 43,470 67,455 111,735 

Source: Charland Flood Proofing Study 
Total households = 45 
t 19 88 taken as 1 in 50 year flood; 1991 taken as I in 2 year flood 
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Table 5.4 Influence or Economic Factors on Shelter Loss 

IRR 
Factors (%) 

Allocate all costs (including buildings, kitchen, latrines, and HTW) 
-replace building every 16 years/earthworks every 4 years 10 
-replace buildings every 8 years/earthworks every 4 years 0 

Allocate earthworks costs plus some relocation costs only and assign the building costs to 
education, conununity health, etc.
 

-replace every 4 years 

-replace every 8 years 


Construct only refuge for livestock
 
-replace every 4 years 

-replace every 8 years 


Construct only refuge for livestock
 
-complete loss after 4 years 

-complete loss after 8 years 


Source: Charland Flood Proofing Study 

The periodic nature of flooding has been taken 
into account by calculating an annual average 
benefit in the same way as was done for the 
raising of house plinth levels. Based on the bene­
fits shown in Table 5.3, the average annual benefit 
is Tk. 14,510 for a l-in-25-year flood and Tk. 
16,302 for 1-in-50-year flood. A shelter for 
livestock only has an average annual benefit of Tk. 
5,931 for a 1-in-25-year flood and Tk. 6,646 for 
a 1-in-50-year flood. 

Assuming a 25-year project life, the risk of losing 
the shelter to erosion is determined by the influ-
ence of various economic factors as shown in 
Table 5.4. 

Overall, flood shelters are economically feasible if 
they are used for multiple purposes. Single-pur-
pose livestock shelters also are economically 
feasible if they do not have to be replaced often, 

Other Measures 

Other measures that would be beneficial during or 
after floods include: 

" 	 raising the level of hand tubewells; 
* 	 improving the availability of boats; 

53 
64 

14 
30 

14 
29 

0 	 improving agricultural production in the 
dry season; and 

* 	 providing credit to purchase livestock. 

The costs and benefits of these measures are 
difficult to clearly identify as they would improve 
the resources available to households and have 
benefits beyond their usefulness during floods. 

5.3 Case S(udy 2: Jhaukuti, Kurigram 

5.3.1 Description of Jhaukuti Mauza 

Jhaukuti mauza in Narayanpur unlon has been 
inhabited for more than 100 years. Ptiver channels 
divide the mauza into threeparas (Figure 5.4). A 
significant portion of the central part of the mauza 
has been lost to erosion during the past decade, 
and about 95 percent of the mauza's land is 5 to 
10 years old; the remaining 5 percent is as much 
as 40 years old. 

In 1992, there were 170 households and three 
samajes in the mauza. During the 1970s an esti­
mated 350 households lived in the mauza. In the 
southern part, which was surveyed for this case 
study, there are 70 households and one samaj. 
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Jhaukuti mauza land is 50 percent uncultivated, 20 
percent cultivated, and 5 percent homestead, 
About 20 percent of the land isunderwater. Of the 
cultivated land, about 20 percent is lowland that 
floods to a depth of 2 to 3 in; 60 percent is medi-
um land that floods to a depth of 1 to 2 m, and 20 
percent is highland that floods to 0.5 to 1 m. 
About 60 percent of the land is single cropped, 20 
percent is double cropped, and 15 percent is triple 
cropped. The main rabi crops are wheat, sweet 
potato, millet, and pulses. The main kharif crops 
are broadcast aus/aman (Figure 5.5). The only 
recent change in the area's cropping pattern is that 
jute has been phased out because of its low price, 

As in Gokulganj and other island chars, catkin 
grows on the river banks and assists in accretion 
and reduces erosion. Catkin flowers in late mon-
soon and the seeds are spread by wind and water. 
All catkin grass has been established naturally, 
yields about 1,000 bundle/ha, and is sold for Tk. 
30-40/bundle. 

The main sources of income in Jhaukuti are 
agriculture, labor, and cattle fattening. About 85 
percent of the resident households are laborers, 80 
percent of whom migrate to find work for one to 
three months during the monsoon season. Since 
1977/79, when erosion became a problem in the 
mauza, many more men have migrated to find 
work. About 15 percent of households are farmers 
(that is, their main income is directly from agricul­
ture), and about 75 percent of households are 
involved in sharecropping. Local wage rates for 
day labor are Tk. 20-25 per day plus three meals, 
Fishing is also an important source of income, 

There are an estimated 330 cattle in the mauza, or 
about 1.94 cattle per household. The cattle densi-
ty, therefore, is higher than the national average 
(1.33 cattle/household). There also are about 250 
goats, 75 sheep, and three buffalo. The main 
constraint on the number of cattle in the mauza 
seems to be lack of resources to purchase more 
stock. Fodder, such as grass or catkin, is available 
throughout the year except in times of severe 
floods. During the monsoon, animals are fed 
straw. Fallow fields also provide ample grazing, 

ISPAN Charland Study - Flood Proofing 

The main markets are at Jatrapur (10 miles distant) 
for cattle and Madarganj (3.5 miles) for household 
goods. The cost of boat transportation to Jatriapur 
is Tk. 20-30 per cow and Tk. 10 per person. 
Forty to fifty people can fit in one boat. In some 
areas people pay an annual charge to ferry opera­
tors, which gives them use tie ferry service 
throughout the year. In Jhaukuti, only one family 
owns an engine boat. 

For tie past two years, two engine boats have 
come weekly from other villages to take villagers 
to market on the mainland. The boats do not 
follow a fixed schedule but tend to come sometime 
in the morning and return in the evening. In the 
dry season it takes villagers 2 to 2.5 hours to 
reach Madarganj as they have to travel by a 
combination of walking across island chars and 
taking ferries across river channels. In the mon­
soon season, villagers can travel directly to Mad­
arganj by boat, which takes about an hour. 

Fuel for cooking is readily available, and hay and 
dung are used throughout the year except during 
monsoon season when driftwood and straw are 
used. Surplus fuel is sold in local markets. 

In an average year, 5 percent of households eat 
three meals a day, the remaining 95 percent eat 
two meals a (lay. Most households do not eat 
vegetables except for spinach. 

Building construction consists of bamboo or timber 
frames with walls of catkin grass or jute sticks and 
roofs of thatch. Only a few buildings have Cl 
sheet roofs or walls. In the mauza's southern para 
there are 32 buildings with catkin grass or jute 
stick walls and thatch roofs, 10 with catkin or jute 
walls and CI roofs, and two buildings entirely of 
Cl sheet. 

The construction cost of a house with catkin walls 
and thatch roof isTk. 2,000; and for Cl sheet roof 
and walls Tk. 10,000. The cost of a plinth 0.5 in 
high is Tk. 200-250. Householders often first fill 
the courtyard and then make the plinths on top of 
the raised courtyard. The dimensions of courtyards 
are about 18 m2 and cost about Tk. 1,500-2,000 to 
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construct (earth filling costs about Tk. 5/m 3). 
Floor plinths generally are about 0.3 to 0.5 m 
above ground level, but householders do not raise 
the floor levels of their houses since they consider 
the investment too risky. 

Most homesteads consist of several buildings 
grouped around a central courtyard. Buildings are 
used for sleeping and storage, cooking, and cattle. 
The settlement pattern is mainly linear, although 
there are some scattered or outlying homesteads. 

When water levels rise 0.3 to 0.7 in (1 to 2 ft.) 
inside a house, beds are raised on bamboo poles. 
If the water level continues to rise, platforms 
(machas)are constructed. A macha is built to roof 
level and one house wall is removed to provide 
access. The lower portions of the other walls are 
removed to prevent them from being washed away 
by flood water. Platforms where cattle can stand 
are made by forming mounds of catkin grass and 
banana stems. If households have to move because 
of erosion, lineage mates (gushti) move together 
and samajes are not involved in the moving ar-
rangements. 

There are five hand tubewells in tho mauza, and 
25 percent of the households drink tubewell water, 
the rest drink river water. Tubewell water is not 
used for cooking because the iron content of the 
water gives rice an unappetizing color. All wells 
are submerged during floods, but until they are 
completely submerged, water is collected from 
them by raft. During floods, water adjacent to the 
riverbank is muddy so water is,collected from 
farther out in the channel, 

The union parishad building, once located in the 
southern para (Figure 5.5), has been shifted to 
western para because of the threat of erosion 
(Figure 5.4). A flood shelter (with dimensions 140 
m by 45 m by 1.8 m high) has been constructed at 
the new site, on land donated by the union pari-
shad chairman, with 1,300 maunds of wheat. On 
the mound there is a building with a floor area of 
9 in by 3 m, a CI sheet roof, and catkin grass 
walls. The building is used as a madrasa. 

5.3.2 	 Impact of Floods and Needs 
Assessment 

During the past five years, floods have occurred in 
1987, 1988, and 1991. The worst flood, in 1988, 
lasted 	 from early August to mid-September.
Usually floods occur from mid-June to mid-August 
and last for about two months. 

In 1988, villagers heard no news of the coming 
flood on the radio, and there was little news in the 
markets. Villagers generally forecast floods based 
on winds from the south carrying rain clouds 
north, but they were unable to predict the severity 
of the 1988 flood. 

During the flood, all houses were flooded and all 
but five were inundated above roof level. Seventy­
five percent of the houses were destroyed or 
washed away. About 50 percent of households 
took shelter on a BWDB embankment about 10 km 
distant, where they remained for about 20 days. 
The transportation costs of those who went to the 
embankment were paid by the village relief com­
mittee. Whole families went to the embankment, 
but in each case one member returned periodically 
to check on what was happening in the village. 
The round trip from the embankment to the village 
and back cost about Tk. 60, and individual fami­
lies had to pay this themselves. 

About 500 people stayed in two large boats an­
chored next to the union parishad office (Figure 
5.5). Livestock were moved to the mounds on the 
union parishad grounds. Cooking was done in 
rotation, and the roofs of houses were used as 
fuel. The tubewell at the union parishad office 
broke after a few days and people had to resort to 
using river water. Generally, the better-off house­
holds moved either to relatives' homes or to the 
mainland embankment; poorer households had no 
option but to stay on the char. During the flood, 
the union parishad distributed rice and flour for 
four days and then the upazila parishad distributed 
rice and flour for about 20 days. The villagers 
considered the provided service satisfactory under 
the circumstances. 
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In 1988, all crops and poultry were lost, along 
with 50 percent of the goats and 30 percent of the 
cattle. Banana leaves and water hyacinth were used 
for fodder for the animals that did survive. All 
field crops were lost as were kitchen gardens 
(chilies, sweet potatoes, etc.). 

Since the 1988 flood, 13 households have moved 
away and no new households have moved into the 
mauza. The economy took about two years to 
recover to its previous level of activity. Families 
had to sell livestock to pay for immediate needs, 
and many men migrated to urban areas for work. 

The main problem during floods is the lack of 
boats, and high demand for transportation results 
in an acute shortage of boats. The cost of transpor-
tation increases during the monsoon, but as the 
flood levels worsen, demand rises and costs 
increase. During higher floods, the small boats 
used within the village become unsafe in the high 
currents and turbulent water. When erosion threat-
ens and buildings have to be moved, families 
,iegot;'te with boat owners to move the construc-
tion mairials at a fixed price, which is on the 
order w'Tk. 500 to move two or three buildings, 

During severe floods, livestock care becomes a 
problem, especially if cattle sheds become inundat-
ed. At such times, fodder becomes scarce or 
unavailable, and animal become sick if they stand 
in water for too long. 

Other problems villagers experienced during floods 
were: 

no place to store grain when houses were 
flooded above roof level; and 
no place to process rice. 

Waves generally are not a problem, except in 1991 
when high winds accompanied the high water 
levels. 

Villagers expressed an interest in receiving flood 
warnings and suggested that the union parishad 
could organize warnings to be broadcast locally by 
loudspeakers and drums. 
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5.3.3 Assessment of Flood Proofing 
Measures 

As with Gokulganj Char, the problems and losses 
faced by villagers in Jhaukuti during floods would 
be greatly reduced by ensuring that people could 
stay in their own houses or, alternatively, by 
providing a community flood shelter within the 
para. The feasibility of these two options are 
analyzed in detail below. 

hlousing 

House floor plinths are presently about 0.3 m 
above ground level, which provides protection 
from the normal flood level (that is, the 1989 or 
1992 flood levels). The 1988 flood level was about 
1.25 in higher, so most houses on the char would 
have been flooded to at least the roof level. 

To protect at least one building in each homestead 
against the l-in-25-year flood, floor plinth levels 
would have to be raised about 0.9 m. Assuming an 
average floor area of 20 m2, the cost of raising. 
one building is Tk. 500. The total cost for the 70 
households of the southern para would be Tk. 
35,000. The raised plinths would have to be 
adequately compacted, although for some houses 
it may be necessary to extend the main poles 
supporting the roof to ensure stability of the house 
structure. 

The main benefits of raising floor plinth levels are: 

* 

, 
0 

saving of evacuation costs, including 
transport, temporary shelter, increased 
cost of domestic essentials (fuel, food, 
etc.); 
savings in house damage repair costs; and 
savings of damage to house contents 
(grain, fuel, personal possessions, etc.) 

Based on the average costs determined from the 
household survey, these benefits are quantified in 
Table 5.5. 

Other benefits, which are more difficult to quanti­
fy, include the increased well-being of the commu­
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Table 5.5 Benefits of Raising House Plinths: Jhaukuti Mauza 

Return Periodt 

Benefit 1 in 2 1 in 5 1 in 10 1 in 25 1 in 50 1 in 86 

Number of Hc -,holds 70 70 70 70 70 70 

Average Depth of Water in Houses 0.1 0.3 0.5 0.9 1.1 1.25 

Households Evacuated (%) 0.10 0.16 0.40 0.60 0.75 0.90 

Number of Cattle 90 90 90 90 90 140 

Number of Sheep/goats 40 40 40 40 40 91 

Cattle Lost (%) 0.01 0.02 0.03 0.05 0.08 0.12 

Sheep/goats Lost (%) 0.05 0.10 0.15 0.25 0.50 0.50 

Cattle Evacuated (%) 0.04 0.10 0.20 0.30 0.55 0.75 

Sheep/goats Evacuated (%) 0.01 0.05 0.10 0.15 0.30 0.40 

Savings of Evacuation Costs (Tk.) 

-temporary shelter including transport 2,100 5,250 10,500 12,250 15,610 19,810 

-increased cost of domestic goods 700 1,120 2,800 4,200 5,250 6,300 

-travel costs for livestock 144 360 720 1,080 1,980 4,200 

Subtotal (Tk.) 2,944 6,730 14,020 17,530 22,840 30,310 

Savings from Livestock (Tk.) 

-cattle losses 2,700 5,400 8,100 13,500 21,600 50,400 

-sheep/goats losses 900 1,800 2,700 4,500 9,000 20,475 

-improved well-being from less disruption 1,080 2,700 5,400 8,100 14,850 31,500 

Subtotal (Tk.) 4,680 9,900 16,200 26,100 45,450 102,375 

Savings of Possessions (Tk.) 

-food grain 231 2,100 7,000 14,000 30,310 53,130 

-personal possessions 1,785 7,000 10,500 17,500 26,950 27,580 

-poultry 2,250 4,500 6,750 9,000 13,500 202,500 

Subtotal (Tk.) 4,266 13,600 24,250 40,500 70,760 283,210 

Total (Tk.) 11,890 30,230 54,470 84,130 139,050 415,895 

Source: Charland Flood Proofing Study 

"Total households = 45 
t1 9 8 8 taken as 1 in 50 year flood; 1991 taken as I in 2 year flood 
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nity as the risk of flooding and the need for 
evacuation are reduced. 

Economic analysis of raising floor level- is com-
plicated by the risk of losing the investment to ero­
sion and the periodic nature of flooding. 

The periodic nature of flooding is taken into 
account by calculating an annual average benefit in 
the same way as for raising of house plinth levels 
in Gokulganj (Section 5.2.3). Based on the bene-
fits shown in Table 5.5, the average annual benefit 
of raising house plinths is Tk. 21,657 for a 1-in-
25-year flood. The benefits from flood proofing 
measures are lower in Jhaukuti than in Gokulganj 
because the people in Jhaukuti are poorer and 
therefore have less to loose from floods. 

The risk of losing the investment to erosion is 
determined by calculating the sensitivity of having 
to replace house plinths at different intervals as 
shown in Table 5.6a. 

Although Jhaukuti has been a settled community 
for many years, it may not be possible for villag­
ers to remain within the mauza in future if the 
present rate of erosion continues (Figure 5.4). 
Should erosion continue, the investment in raising 
floor plinths levels would be lost, and the IRR 
would be as shown in Table 5.6b. 

Overall, raising house floor plinths would be a 
sound investment as long as the houses remain for 
at least four years after the work has been carried 
out. Even though the southern para of Jhaukuti 
continues to erode, thp houses that remain would 

Table 5.6 Risk of Investment Loss 

(a) (b) 

Replacement of 
House Plinth 

IRR 
(%) 

Complete Loss of 
Plinth in... 

IRR 
(%) 

2 years <0 2 years <0 

4 years 49 4 years 39 

8 years 60 8 years 55 
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still benefit from having their floor plinths raised 
as long as they were there for at least four years. 

Flood Shelters 

Provision of a communal flood shelter is an 
alternative to raising house floor plinths if the 
latter are noc feasible. Details of a shelter appro­
priate for Gokulganj Char are shown in Figure 
5.6. The buildings would have Cl sheet roofs, 
timber frames, and walls of jute-sticks or similar 
materials. The buildings would be designed to be 
easily transported so .Jey could be moved if the 
land was lost to erosion. It was assumed that land 
ior the shelter would be donated by the communi­
ty. 

The main benefits of flood shelters are: 

0 savings of evacuation costs of households; 
* reduced livestock losses;
 
0 reduced disruption of cattle fattening
 

schedules; and
 
0 reduced loss of possessions.
 

Based on average costs determined by the house­
hold survey and other information gathered during 
the RRA the benefits can be quantified as shown 
in Table 5.7. 

Other, less quantifiable, benefits, include using the 
shelter buildings for schools or other community 
purposes, improvement of community well-being 
by reducing flood risk, and the opportunity to 
vaccinate livestock when ihey are all in one place. 
The disadvantage of shelters is that they do noth­
ing to prevent flood damage to homesteads. 

As with the raising of flood plinths, ecoijomic 

analysis of shelters is complicated by the risk of 
losing the investment to erosion and the periodic 
nature of flooding. 

The periodic nature of flooding is taken into 
account by calculating an annual average benefit in 
the same way as for raising of house plinth levels. 

Based on these benefits in Table 5.7, the average 
annual benefit is Tk. 17,635 for a l-in-25-year 
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Table 5.7 Benefits of Building Flood Shelter: Jhaukuti Mauza" 

Return Periodt 

Benefit (losses avoided) 1 in 2 1 in 5 1 in 10 1 in 25 1 in 50 1 in 86 

Number of Households 70 70 70 70 70 70 

Average Depth of Water in Houses 0.1 0.3 0.5 0.9 1.1 1.25 

Households Evacuated (%) 0.10 0.16 0.40 0.60 0.75 0.90 

Number of Cattle 140 140 140 140 140 140 

Number of Shecp/goats 91 91 91 91 91 91 

Cattle Lost (%) 0.01 0.02 0.03 0.05 0.08 0.12 

Shecp/goats Lost (%) 0.05 0.10 0.15 0.25 0.35 0.50 

Cattle Evacuated (%) 0.04 0.10 0.20 0.45 0.65 0.75 

Sheep/goats Evacuated (%) 0.01 0.05 0.10 0.15 0.30 0.40 

Savings of Evacuation Costs (Tk.) 

-temporary shelter including transport 350 700 3,500 7,350 12,250 19,810 

-increased cost of domestic goods 700 1,120 2,800 4,200 5,250 6,300 

-travel costs for livestock 224 560 1,120 2,520 3,640 4,200 

Subtotal (Tk.) 1,274 2,380 7,420 14,070 21,140 30,310 

Savings from Livestock (Tk.) 

-cattle losses 4,200 8,400 12,600 21,000 33,600 50,400 

-sheep/goats losses 2,048 4,095 6,143 10,238 14,333 20,475 

-improved well-being from less disruption 1,680 4,200 8,,+00 18,900 27,300 31,500 

Subtotal (Tk.) 7,928 16,695 27,143 50,138 75,233 102,375 

Savings of Possessions (Tk.) 

-food grain 231 700 7,000 14,000 28,000 53,130 

-personal possessions 1,050 1,820 7,000 10,500 19,250 27,580 

-poultry 2,250 4,500 6,750 7,875 13,500 202,500 

Subtotal (Tk.) 3,531 7,020 20,750 32,375 60,750 283,210 

Total (Tk.) 12,733 26,095 55,313 96,583 157,123 415,895 

Source: Charland Flood Proofing Study 
"Total households = 70 
t1988 taken as 1 in 86 year flood; 1991 taken as 1 in 2 year flood 
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Table 5.8 Influence of Economic Factors on Shelter Loss 

IRR 

Factors (%) 

Allocate all costs (including buildings, kitchen, latrines, and HTW) 
4-replace earthworks every 4 years 
6-replace earthworks every 8 years 
<0-complete loss after 4 years 
<0-complete loss after 8 years 


Allocate earthworks costs plus some rc ocation costs only and assign the construction costs to
 

education, community health, etc. 
-replace every 4 years 
-replace every 8 years 
-complete loss after 4 years 
-complete loss after 8 years 

Construct only refuge for livestock 
-replace every 4 years 
-replace every 8 years 
-complete loss after 4 years 
-complete loss after 8 years 

Source: Charland Flood Proofing Study 

flood and Tk. 20,172 for a 1-in-50-year event. 
The average annual benefits related to livestock 
are Tk. 10,645 for the l-in-25-year flood and Tk. 
13,10 for the -in-50-year flood. 

The risk of losing the shelter to erosion is deter-
mined by calculating the influence of various 
factors on the economics as shown in Table 5.8. 
Overall, flood shelters arc economically feasible if 
they are used for multiple purposes. Livestock 
shelters also are economically feasible if they are 
safe from erosion for irmore than four years. 

Other Measures 

Other measures that could be considered are: 

* 	 raising of the level of hand tubewells; 
* 	 improving the availability of boats; 
* 	 improving agricultural production in the 

dry season; 
providing credit to purchase more. live­
stock; 
improving the flood warning systems. 

34 
47 
22 
40 

9 
26 
1 
21 

The 	 costs and benefits of these measures are 
difficult to identify clearly, but they would im­
prove the resources available to households and 
hav . benefits in addition to those associated with 
floods. Improved flood warnings and improved 
availability of boats would complement the flood 
proofing of housing and construction of flood 
shelters by ensuring that household possessions 
were moved and that people and livestock moved 
to the shelter in time. 

5.4 Conclusions from the Case Studies 

People living on island chars suffer significant 
flood losses in most years. Investment in flood 
proofing measures would be economically sound 
and contribute toward improving the standard of 
living of char dwellers. 
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Chapter 6
 

DISCUSSION AND RECOMMENDATIONS
 

6.1 Discussion 

The mitigation of flood effects in char areas is 
complicated by the high risk of erosion, which 
makes flood protection facilities, such as embank­
ments and water control structures, technically and 
economically unsound. In addition, the poor 
fertility and low value of the land and low popula-
tion densities make structural solutions undesir-
able. Therefore, the main options for mitigating 
flood losses in char areas are flood proofing and 
flood preparedness measures. 

Char families and communities traditionally have 
depended on their own initiatives to "flood proof' 
their livelihoods, property, and possessions from 
damage or loss during floods. For example, floor 
levels of houses are usually raised above ground 
level and side slopes of homesteads are planted 
with grass to protect against destructive wave 
action (Plate 2). Traditional flood proofing effbrts, 
however, have met with limited success since 
many households in both study areas lack both the 
resources and the time horizon to carry them out 
and therefore suffer significant losses even inyears 
of normal floods. For example, in 1991, a close to 
a normal flood year, average homestead losses 
were equivalent to about one month's agricultural 
wages, and average gross agricultural losses per 
household were equivalent to about three months' 
wages (Tables 3.9). In the larger flood of 1988, 
average homestead losses for both locations were 
equivalent to about six months' agricultural wages, 
and average gross agricultural losses per household 
were equivalent to about a year's agricultural 
wages (Table 3.4). The rates of return presented 

are based on financial costs, but economic costs 
are likely to yield similar results as there are no 
crop benefits and mainly local materials are used 
for housing. 

People in the chars have adjusted their lifestyles to 
accommodate flood levels within a specific range. 
Even small increases in water level, therefore, can 
seriously disrupt their way of life. The impact of 
all interventions affecting water levels and flows in 
the major rivers should be determined and pro­
grams developed and implemented to avoid ad­
verse affects on people in char areas. For exam­
ple, it is estimated that a Jamuna left embankment 
and the Jamuna Multipurpose Bridge would in­
crease the water level at Sirajganj in a repeat of 
the 1988 flood by about 0.83m (FAP 15, 1993; 
FAP 16/19, 1993). This will seriously affect char 
dwellers upstream of the bridge. Moreover, the 
increase in flow velocities near the bridge will 
elevate erosion risks; as a result, char people may
have to move their homesteads even more fre­
quently than they already do. 

The continuing vulnerability of char households to 
floods and erosion leaves most families unable to 
make significant improvements to their lives as 
they continually have to use available resources to 
recover from the affects of flood and erosion. 
Livestock, for example, are a main economic 
activity, yet die number of livestock in the char 
areas has decreased significantly since the 1988 
flood. Some of the reduction may be due to losses 
during the flood of 1988 and subsequent floods, 
but most of die lecline seems to be due to distress 
sales as people L.ave sold cattle to raise money for 
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other, more pressing, needs. Easier access to 
credit would alleviate the need for such distress 
sales and contribute to more rapid recovery of 
local economies after floods. 

The problems faced by people in char areas during 
floods would be greatly reduced by ensuring that 
people could stay in their own houses or, alterna-
tively, by providing community flood shelters, 
Analysis undertaken in the two case studies shows 
clearly that two particular measures (raising house 
floor plinth levels and constructing flood shelters) 
give good economic returns for the investment, 
Raising plinth levels of houses costs about Tk. 
500-650 per house and gives an IRR of 39 percent 
in Kur~gram and 92 percent in Bhuapur. Flood 
shelters cost between Tk. 100,000 and Tk. 
250,000, depending on the size of the community 
served and the facilities provided. The shelters 
have rates of return of 34-64 percent if facilities 
are used for multiple purposes and the shelter is 
not lost to erosion within four years. Actual costs 
and returns may differ from these estimates de-
pending on the connunities and flood risks in a 
particular location, 

One of the difficulties in implementing flood 
proofing programs is that most of them are based 
on local initiatives leading to individual or commu-
nity actions. This is contrary to the central ilan-
ning tendency that is typical of most government 
agencies. To ameliorate this, a significant change 
will be required in the internal culture of many of 
these agencies before they can support flood 
proofing programs based on community participa-
tion. 

To increase local accountability for flood proofing 
programs, ways to get local people to contribute to 
their cost need to be investigated. One possibility 
would be cost sharing, which would use public 
resources to construct a shelter on condition that 
local people raise the floor plinth levels of their 
homesteads. Such a public investment would be 
justified as the reduction of losses would enable 
household to use available resources for productive 
purposes rather than for recovering from floods, 
The amount that floor plinth levels should be 

increased at a particular location will depend on 
local circumstances and the reaction of local 
people. 

These flood proofing measures would have signifi­
cant social effects, as they would benefit all 
income groups. At present, poorer families are 
particularly vulnerable and often have to evacuate 
their houses and travel considerable distances to 
seek refuge. Local relief committees may pay 
some of their evacuation costs, but households 
]ave to bear most of the costs, as well as the costs 

of rehabilitation once the flood has receded. 

For comparison, of the 17 FCD/I projects studied 
in FAP 12 (only two of which had irrigation 
components), only nine gave rates of return of 
more than 22 percent: and the "best" project gave 
a rate of return of 90 percent. Furthermore, the 
investment on the 17 projects analyzed ranged 
from Tk. 3,720 to Tk. 43,302 per household (the 
highest figure being a project with an irrigation 
component), with average being about Tk. 6,000 
per household. Therefore, investment in flood 
proofing can give similar if not better rates of 
return than investment in FCD schemes at a much 
lower cost per household. Another consideration is 
that inve' tment in FCD schemes would mainly 
benefit landowners and farmers, while flood 
proofing would benefit all households, including 
the most vulnerable groups in a community. 

A major advantage of flood proofing measures is 
that they are sn,,ll in scale and environmentally 
benign. Since they do not affect river morphology, 
flood proofed charland would still be susceptible 
to the processes of erosion and accretion, howev­
er. Flood proofing programs need to plan with this 
in mind. 

6.2 Recommendations 

The study establishes that flood proofing is an 
effective and cost-efficient way of reducing char­
land people's vulnerability to flooding and there­
fore improve the social and economic conditions in 
which they live. The FPCO may now include 
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among the list of projects due to emanate from the 
FAP process a project to flood proof the char-
lands. Such a project would not only implement 
flood proofing but also make specific proposals to 
reduce tie impact on char dwellers of major 
interventions that will increase the water levels in 
rivers with inhabited chars. The detailed design 
and implementation of such a project will call for 
BWDB's collaboration with the LGED, local 
government bodies, and NGOs. 

Based on the discussion in Section 6. i, flood 
proofing programs might address some or all of 
the following issues: 

, providing flood shelters; 
* raising homestead floor plinth levels; 
* improving access to credit; and 
• improving access to boats. 

Any project undertaken at or near the grassroots 
level, as would be the case with most flood proof-
ing programs, requires ensuring-a high degree of 
local accountability. 

Flood proofing programs in char areas should be 
developed and implemented in a manner that 
equitably distributes public funds allocated to rural 
development activities. At present, char areas tend 
to be missed by government rural development 
programs, and few government services are avil-
able in char areas. NGO services are also not 
available at the level of need. 

Flood proofing programs should initially focus on 
reducing losses to homesteads and livestock as 
both are preventable. In the short term, increasing 
house flood plinth levels and providing shelters are 
financially sound investments. In the longer term, 
general development programs that include the 
provision of credit should be implemented. Initial-
ly, pilot programs lasting two to three years are 
required to develop the institutional arrangements 
for implementing flood proofing, measures. 
Longer-term general development programs should 
give tie people in char areas th resources to 
undertake their own flood proofing measures, 
Since flood proofing does not alier the effects of 
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erosion, alternative development strategies may be
 
required for char areas that are subject to greater
 
frequency of erosion.
 

In planning flood shelters, the particular needs of 
women should be taken into account. This study 
found that food preparation and cooking were the 
main problems for women during floods, closely 
followed by the availability of santitation facilities 
and getting fuel and food. If flood shelters are to 
be promoted, then the provision of sanitation 
facilities and space and facilities for cooking is of 
great importance. 

Boats are critical to char people, but the relatively 
high cost of the large boats that can operate when 
river levels are high, colnbinJ with the seasonal 
demand for such boats, result in their scarcity 
d':ring floods. The utilization of boats in the chars 
should be studied further to identify ways to 
increase the availability of boats durlng the mon­
soon season. 

Flood proofing programs should be implemented 
with the active participation of all sections of local 
communities to assess the feasibility and suitability 
of different measures, and the process of imple­
menting the program should be used to strengthen 
communities and improve the linkage between 
people in char areas and local and central govern­
ment staff and services. Ways to move government 
agencies away from centralized planning and into 
community planning should be identified and 
developed. Flood proofing programs w-)uld pro­
vide an oiportunity to facilitate thii, process. 

Potential users of this report incltde: 

0 water project planners in the MOWR, 
BWDB, FPCO, and WARPO; 

0 FAP 3.1-the next phase of the Jamalpur 
Priority Project includes a flood proofing 
component; 

0 LGED/CARE, who are undertaking a 
flood proofing program; 

0 agencies, such as WFP, that implementing 
food-assisted development programs; 

0 local government and thana offices having 
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responsibility for thanas that include char­
land areas; 

* 	 the Disaster Management Bureau of the 
Ministry of Relief and Disaster Manage­
ment; 

* 	 the Public Health Engineering Depart­
ment; 

* 	 the Primary Education Directorate and 
Facilities Department for the planning, 
location, and design of primary schools 
and other educational institutions; 

" 	 the Directorate of Health Services; 
* 	 the Rural Development Division and 

BRDB; 
* 	 ie Jamuna Multipurpose Bridge Authori­

ty; and 
* 	 NGOs currently active in charlands and 

those that may do so in the future. 

The FAP regional studies have previously identi­
fied areas where major structural flood protection 
measures are not feasible, and these areas were 
earmarked for flood proofing activities. Prior to 
the regional studies, no study was made of poten­
tial flood proofing measures and their costs and 
benefits. Given the evidence of the Charland Flood 
Proofing Study, flood proofing is technically and 
economically feasible even in the charlands, where 
there are high erosion risks. Flood proofing may 
also be appropriate in other unprotected flood­
prone areas. Flood proofing has been proposed 
before, but it has not been given serious attention 
by the public sector for riverine areas (unlike 
cyclone shelters in the coastal belt). There is an 
urgent need now for a government agency to take 
up, at least on a pilot basis, a flood proofing 
program before another major flood occurs and 
people in the unprotected floodplain again suffer 
severe losses. A small investment in labor-inten­
sive minor structural works would help millions of 
people cope with severe floods. Flood proofing 
would be the initial step in reducing vulnerability 
to flooding, once its success has been demonstrat­
ed, other measures or economic development 
could be added. 
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PLATE 1: Island char homestead. Note the raised courtyard and buildings. 

~ 


PLATE 2: Homesteadliving quarters. The raised floor plinth is a typical precaution against 
flooding, and the grass planted on the plinth protects its side slopes froin wave action and rain. 
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PLATE 3: Homestead cattle shelter. Note that the floor plinth is raised 
above the level of adjacent houses. 

PLATE 4: Charlandsettlement. The catkin grass along the riverbank 
protects the honiestiads from wave action and erosion. 
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PLATE 5: Digri Charfloodshelter.This community building and its raised platform were 
constructed by Service Civil International (SCI), an NGO active in thie Bhuapur chars. 

• :2 
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PLATE 6: Digri Charflood shelter (right). The houses adjacent to the shelter, 
clearly constructed at a lower level than the shelter, were partly flooded in 1992. 

In 1993, the homesteads and shelter were all lost to erosion. 
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PLATE 7: Char erosion. Erosion is a constant threat to all land in and along 
active river channels. A community once lived here and cultivated this island char. 

PLATE 8: Charlandlivestock. Cattle rearing and fattening are important economic 
activities in the charlands, especially in the upper Jamuna, where large herds are found. 
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PLATE 9: New charlandhomestead. This homestead, typical of those on
 
newly settled chars has several recently planted banana trees and no other vegetation.
 

PLATE 10: Establishedcharlandhomestead. This homestead on a mature char has more 
permanent buildings, as well as mature trees and dense vegetation. 
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APPENDIX A
 

SURVEY QUESTIONNAIRE
 



BBS CODE • , , , , ,
checklist C - 21.6.1993 

Household sl. nb :
 

BANGLADESH FLOOD ACION PLAN
 
FAP- 16 ENVIRONMENTAL STUDY
 

SOCIO-ECONOMIC STUDIES OF CHAR LANDS
 

CHARLAND FLOOD IMPACT AND LOSS SURVEY
 

Identification details
 

Mauza name . ..........................................
 

Villagename...........................................
 

Thana name .. .........................................
 

Char name ...............................................
 

Name of Household head ...............................
 

number of years education ......................
 

Name of respondent if different ......................
 

Father's name ........................................
 

2 Household members/occupations
 

a Number of people in household (chula) ................ I I
 

How many of the following people live in this household?
 

(All relationships are to the household head.)
 

Hale head ...................... g _
 

Female head .................. _I
 

Wife .......................................
 

Mother .......................
 

Father's brother .............
 

Son ..................................... I.I
 

Daughter .....................
 

Son's wife ...................
 

Daughter's husband ...........
 

Brother .................................. _I
 

Sister .......................
 

Brother's wife ...............
 

Sister's husband .............
 

Others .................
 

Number of people living away and sending income ...... I
 

Husband .................................. I
 

Father ..................................II
 

Do people of your sharik or gusti live in the next bari? Y/N. II
 

IRRIGATION SUPPORT PROJECT FOR ASIA AND THE NEAR EAST (ISPAN)
 



b 


C 


3 


a 


b 


c 


d 


e 


f 


g 


h 


For this household (chula):
 

How many people contribute income ..................................
 

What is the: main source of household livelihood (codes),_ _
 

Main source of livelihood of men ................................. _I _I
 

Second source of livelihood of men ............................ I I
 

Main source of livelihood of women ....................... ... II_
 

Second source of livelihood of women ................. _I_
 

1-farmer (own land); 2-farmer (own and sharecropped
[Livelihood codes: 

land); 3-farmer (sharecropped in land only); 4-agricultural day
in 


8-other transport,
labouring; 5-other day labouring; 6-fishing; 7-boat; 


9-handcrafts; 10-petty trade/business; 11-larger business; 12-service;
 

13-paid homestead work; 14-cattle rearing; 15-goat/sheep rearing; 
16­

18-own tree products; 19­
poultry; 17-harvesting grasses/wild plants; 


(land or other); 21-romittances
vegetable production; 2J-rental income 


from outside; 22-other (details)]
 

How many (if any) members of the household move away for
 

work for part of every year? ..................................... I_
 

From whicl, month .............. ......................... . I
. . .... .
 

.
......
To which month ........................................ 


[Month codes: 1-Baishak, 2-Jaistho; 3-Ashar, 4-Shrabon, 5-Bhadro,
 

6-Ashin, 7-Kartik, 8-Agrahan, 9-Poush, 10-Magh, 1l-Falgon, 12-Chaitro]
 

Land
 

[Areas may be noted in local units, but these must be converted to
 
the number of decimals per
decimals later for the coding boxes, based on 


bigha/kani etc reported in that village.]
 

Area of own homestead land ........................ dec U I I
 

Area of land owned and cultivated last year by household dec 1_ 1_ I 

Area of land cultivated last year but owned by others
 
(share/rent in) ................................... dec _ _ I_ _
 

on 

(access by land from homestead)............................. .I I I
 
Percentage of operated land (b and c) which is this char
 

Area of land owned but cultivated last year by others 
(share/rent out) .................................. dec I I I I 
Percentage of this land (d) which is on this char ... % lii 

Area of non-cultivated land (land during dry season) which
 
household owns or has exclusive use rights over (eg
 
land too sandy ty cultivate, used for grazing) ..... dec I I I
 
Percentage of th s land (e) which is on this char 
... -


Area which household has claim to (for example pays
 
land tax) but which is under water all year ....... dec I _
 
Percentage of this land (f) which is on this char ...%
 

Area of own land which household lost permanently to erosion 
in last five years (is not paying land tax on this area).dec IIi 

on this char ... %Percentage of this land (g) which is 


How did you obtain access to the land you farm?
 
- inherited ................................... dec 
 i i i
 
- bought ......................................dec 11- - ­

- settled new land with help of others ......... dec 1-11­
- settled new land by self .................... dec II I
 

(ISPAN)
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4 	 Homestead
 

a Materials of main house: 	 wall ........................ .I I._
 
roof ........................... I II
 
frame .................... _..II
 

[House material codes: 1-straw/leaves; 2-grass sticks; 3-jutesticks; 4­
bamboo; 5-wood; 6-tin; 7-earth; 8-brick; 9-tiles; 10-concrete. Code
 
main material where more than one used, if materials are in equal
 
amounts code higher quality material]
 

b 	 Number of rooms in main house ................................... I_.
 

Dimensions of main house: length (longer wall)..ft 	 II_
 

width 	(shorter wall)..ft _ 

Height of roof above floor ......................... ft 	 II_
 

Total cost of building such a house now ............. Tk I I I I I I
 

c 	 Number of other buildings owned by household within
 
this village/char and occupied by this household ...... I_
 

d 	 Number of other buildings on this household's land in
 
this village but occupied by other households ........ _I
 

e 	 Number of buildings owned by household but located outside
 
this village/char ........................................ ..... .II
 

f Number of following owned by household:
 

small boats (up to 10 maunds) .................. _I
 

medium boats (11-50 maunds) .................... II
 

radio ...................................................... _.
 

Number of following livestock owned by household and number
 

being raised on a share basis (loaned by others): own share
 

cattle and buffaloes ........................... I I I _II
 

large boats (greater than 50 maunds) ........... II
 
boat engines ....................................... ..... .II
 

trees .................................................... _.
 

goats and sheep ................................... __I III
 
ducks and chickens................................I _I I I I
 

5 	 Food security I
 

For how many days in a week in the last dry season could
 
your household eat:
 
3 meals a day?........................................	 _...
II
 
only 2 meals a day?................................. _._...I
 

only 1 meal a day?........................................... II
 

For how many days in a week in the last monsoon could
 
your household eat:
 
3 meals a day?................................................. _._
 

only 2 meals a day?................................. __..I
 

only 1 meal a day?............................................ II.
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7 

Flood 	and erosion years
 

In the last 6 years did any of the following affect your household, 
and
 

in which years?:
 

- lose your homestead due to erosion/have to move [no. times]
 
- lose some of your land due to erosion [0-no; i-yes]
 
- homestead flooded [0-not flooded, 1-above house floor; 2­

above roof]
 
- family built macha to shelter from flood [O-no; 1-yes]
 

Year 	 homestead land house built
 

eroded eroded 
 flooded macha
 

1992
 

1991
 

1990
 

1989
 

1988
 

1987 _______ ________ _______
 

Severe flood impact - in 1988
 

a What wast
 

Maximum 	depth of water in main house ...... inches I ! I I
 

Duration of house flooding .................. days I I I_ 

How long before water entered homestead did you start 

preparing for this flood, if at all? .............. days III 

Did you get any advance warning? .................. Y/N U
 

How were you warned? ............................................... I_1
 

[Warning: 0-nonel 1-own observations/experience; 2-told by someone from
 

villagel 3-told by outsider; 4-told by official; 5-radio/TV; 6-mike
 
system or drum beating]
 

b 	 How many household members were present at that time? I_ _ 

How many mcved because of flood (if any) .............. I 

If any moved, where did they go to (location codes)? 

_
(status/relationship codes) ...............
 

main reason for moving (codes)............. _
 

how long did they stay away ........... days I I
 

what extra costs did you face in muving and
 

in getting temporary shelter ............ Tk I I I I I I
 

[Location codes: 1-within mauza; 2-an adjacent mauza; 3-elsewhere within
 
Union; 4-village outside Union inside District; 5-town outside Union
 
inside District; 6-outside District.
 
Status/relationship codes: 1-relative's house; 2-neighbour's house; 3­

rich person's house; 4-flood shelter; 5-embankment; 6-other public land;
 
7-public building; 8-other.
 
Reason codes: 1-house destroyed; 2-water too high/safety although house
 
standing; 3-to safeguard livestock; 4-to find work; 5-other.]
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c 

d 


e 


f 


g 


How many livestock did you have (own or on share basis)
 

at that time? How many did you move because of the flood? total moved
 

large stock (cattle and buffalo ................... I I _I I
 

medium stock (goats and sheep) .................... I I I I_
 
when were stock moved? ....................................._I
 

[1-before flood, 2-during flood, 3--after flood]
 

number of days moved ...............................I I I I
 
what was the main reason? ................................ I_.I
 

[Reasons: 1-for safety above flood water, 2-for safety from theft, 3-to
 

find fodder/grazing, 4-to sell, 5-other]
 

Number of cattle and buffalos (if any) lost due to flood I I I
 
Number of goats and sheep (if any) lost due to flood I I I
 
Total value of livestock lost due to flood ......... Tk I I I I I I
 

Main house at time of 1988 flood: 	 wall ............. I_
 
roof ............. I_
 

[House material codes: I-s traw/leaves/jutesticks/bamboo; 2-tin; 3-earth;
 
4-brick; 5-tiles; 6-concrete. Code main material where more than one
 
used, if materials are in equal amounts code higher quality material]
 

Number of houses damaged i..flood .......................... _...II
 

cost of repairs to existing house(s) ............ Tk I I I I I I
 
cost of replacing destroyed house(s) if any ..... Tk I I I I I_
 

Value of damage (if any) to other buildings (cattlesheds,
 

outh,uses etc) ...................................T I I I I I
 

Quantity of foodgrains in store just before flood ...mds III
 
Quantity of foodgrains lost in flood (if any) ........ mds I I I
 
Value of lost foodgrains (if any) .................... Tk _ I I I I I
 

Value of damage to boats (if any) due to flood ....... Ti I I_ I I I
 
Value of any damage to trees and kitchen garden ...... Tk I I I I I I
 
Value of damage to other assets (agricultural implements
 

furniture, household utensils, personal posessions, etc)
 

due to flood .......................................... Ti 11111 _ I
 
What percentage of these assets could you save? ....... % I I I
 

it 

Could you have prevented more of this damage from happening? I_
 
If yes, why couldn't you do this? not enough warning.. I
 

didn't expect flood. I_
 

no higher place .... I_
 
[0-no; 1-yes.] transport problem .. I_
 

(ISPAN)
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h Crop areas and losses/gains (if any):
 

Area of Boro paddy in 1988 .......................... dec
 

expected yield md/__ ................... md/acre I I
 

Area of Au. paddy in 1988 ........................... dec I i
 

Area of Aman paddy in 1988 .......................... dec I I
 
expected yield md/__ ................... md/acre I_ _ _
 

Was production more (1), same (2), or less (3)
 
than normal? ............. ......................... .
._... 


actual yield md/__ ..................... md/acre I
 

expect6i yield md/ ................... md/acre I
 

actual yield md/ ..................... md/acre I
 

actual yield md/ ..................... md/acre I
 

Area of millet in next season (winter 1988/89) ....... dec J I I I
 

Area of other rabi r-rops next xeason ................ dec I I I I I
 
Was production more (1), same (2), or less (3)
 

II
 than normal? ............ . . .... 
............................ .

[Area-O if not grown, yield=O if lost whole crop.]
 

Income impacts. If the household obtains income in cash or kind from the
 
following sources, how was it affected by the 1988 flood:
 

i agricultural labour: no months affected ......... I I
 
during these months % of normal income received.% I I I
 

ii fishing: no months affected ....................... _._...
 

during these months % of normal income received.% I I I
 
iii other labouring: no months affected ............. I I
 

during these months % of normal income received.% I I I
 
iv domestic work: no months affected ...............
 

during these months % of normal income received.% I
 
v . business/trade/crafts: no months affected .......
 

during these months % of normal income received.% I
 
vi 	 regular livestock income (eggs, milk): no months.
 

during these months % of normal income received.% I
 
[Note 100% = normal income; 10% more income code as 110% of normal; 20%
 
less income code as 80% of normal; 0=no income; -8 = Not Applicable
 
household does not receive any income from this source normally]
 

What were the biggest problems during the 1988 flood:
 

- for men? 	 ........................... III
1st problem 	 .....
 

2nd problem ................................... _.
 

3rd problem ...................................
.
 
- for women? l t problem ........................ I I I
 

2nd problem .................................... I
 
3rd problem ..............................I .I I
 

[Ask women separately from men, make notes and code later for additional
 
problems: 1-obtaining drinking water; 2-toilet facilities; 3-getting
 
fuel; 4-getting food; 5-preparing food; 6-cooking; 7-getting work; 8­
safety; 9-theft; 10-moving house; 11-transport; 12-lack of shelter, 13­
feeding livestock; 14-livestock disease; 15-human illness;...]
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k What actions did your household take to cope with these losses and
 
recover from them immediately after the 1988 flood? Did men or women or 
both take these actions? What were the main uses of these funds? 

M W Use 
- sought work outside village ................ I I _ 
- sold land ...... ............................. . I 
- mortgaged land .............................. .. 

- sold livestock .............................. . I 
- took loan in own name ..................... ._ _ _ 

- sold jewellery .............................. . I 
- sold othor assets ............................ I 
- received help/gift from relatives ........ I_ I _I _ 

- received help from rich person ............. I_ II _ 

- received relief from government or NGO ... II _I _ 

[Men and women: O-No; 1-Yes.
 
Use codes: 1-obtain food; 2-rebuild house; 3-replace livestock; 4-for
 
agricultural inputs; 5-to replace other assets; 
6-to pay for health
 
care; 7-other; 8-n,t applicable.]
 

Did your household help any of the following during or after the 1988
 
flood? [0-no; l-yes]


relatives from same bari......................... _....I
 
relatives from another bari................................ I
 
others from same gusti ................................... I_.I
 
others from same samaj ...................................... I
 
unrelated people ............................................ I
 

What type of help did you give? [0-no; 1-yes
 
moving peoplq or goods.........................
 

treating sick and ill ........................................
 

providing shelter in your home .................
 

providing food .............................................
.
 
providing cooking facilities ................................
 

giving relief ................................................
 

giving financial help ........................................
 

others ........................................................
 

8 Moderate flood impact - in 1991 

a What was: , 

Maximum depth of water in main house ...... inches IIII 
Duration of house flooding .................. days _III 

How long before water entered homestead did you start 

preparing for this flood, if at all? .............. days III 
Did you get any advance warning? ..................Y/N I_I 
How were you warned? ............................................ I I 

[Warning: 0-none; 1-own observations/etperience; 2-told by someone from
 
village; 3-told by outsider; 4-told by official; 5-radio/TV; 6-mike
 
system or drum beating]
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c 

b 


d 


e 


f 


I_ _How many household members were present at that time? 


How many moved because of flood (if any) .............. I_ _
 

If any moved, where did they go to (location codes)?
 

_
(status/relationship codes) ...............
 

main reason for moving (codes).............	 _
 

how long did they stay away ........... days I I
 

what extra costs did you face in moving and
 

in getting temporary shelter ............ Tk _I I I I I
 

[Location codes: 1-within mauza; 2-an adjacent mauza; 3-elsewhere within
 

Union; 4-village outside Union inside District; 5-town outside Union
 

Inside District; 6-outside District.
 
Status/relationship codes: 1-relative's house; 2-neighbour's house; 3­

rich person's house; 4-flood shelter; 5-embankment; 6-other public land;
 

7-public building; 8-other.
 
Reason codes: 1-house destroyed; 2-water too high/safety although house
 

standing; 3-to safeguard livestock; 	4-to find work; 5-other.]
 

How many livestock did you have (own or on share basis)
 

at that time? How many did you move because of the flood? total moved
 

large stock (cattle and buffalo) ................ ._II _I_
 
III I__I
 .....................
medium stock (goats and sheep) 


when were stock moved? ........................... _....I
 

[1-before flood, 2-during flood, 3-after flood]
 

number of days moved ............................. _._...II
 

what was the main reason? ................................ I_.I
 

[Reasons: 1-for safety above flood water, 2-for safety from theft, 3-to
 

find fodder/grazing, 4-to sell, 5-other]
 

Number of cattle and buffalos (if any) lost due to flood II_
 

Number of goats and sheep (if any) lost due to flood III
 

Total value of livestock lost due to flood ......... Tk I_ I I I I
 

Main house at time of 1991 flood: 	 wall ............. _I
 

roof ............. II
 

[House material codes: 1-straw/leaves/jutesticks/bamboo; 2-tin; 3-earth;
 
4-brick; 5-tiles; 6-concrete. Code main material where more than one
 

used, if materials are in equal amounts code higher quality material]
 

... _.. 


cost of revairs to existing house(s) ............ Tk I_ I I I I
 

cost of replacing destroyed house(s) if any ..... Tk I I I I I I
 

Value of damage (if any) to other buildings (cattlesheds,
 

outhouses etc) .................................. Tk I I I I I I
 

Number of houses damaged in flood ........................ II
 

Quantity of foodgrains in store just before flood ...mds III
 

Quantity of foodgrains lost in flood (if any) ........ mds III
 

Value of lost foodgrains (if any) .................... Tk I I I I I I
 

Value of damage to boats (if any) due to flood ....... Tk I I I I I I
 

Value of any damage to trees and kitchen garden ...... Tk I I I I I I
 

IRRIGATION SUPPORT PROJECT FOR ASIA AND THE NEAR EAST (ISPAN)
 

A\, 



What were the biggest problems durinq the 1991 flood: 

- for men? lt problem ......................... _._..I 

2nd problem ........................... II_... 
3rd problem ................................. _.I_ 

- for women? let problem ................................. I I 
2nd problem ............................ II_... 

3rd problem .................................
.I	 I 


[Ask women separately from men, make notes and code later for additional
 
problems: 1-obtaining drinking water; 2-toilet facilities; 3-getting
 
fuel; 4-getting food; 5-preparing food; 6-cooking; 7-getting work; 8­
safety; 9-theft; 10-moving house; 11-transport; 12-lack of shelter, 13­
feeding livestock; 14-livestock disease; 15-human illness;...]
 

k 	 What actions did your household take to cope with these losses and
 
recover from tham immediately after the 1991 flood? Did men or women or
 
both take these actions? What were the main uses of these funds?
 

M W Use
 
- sought work outside village .............. II _ _
 

- sold land ...... .............................
 

- mortgaged land ..............................
 

- sold livestock ..............................
 

- took loan in own name .....................
 

- sold Jewellery ..... .........................
 

- sold other assets ...........................
 

- received help/gift from relatives ........
 

- received help from rich person .............. I _
 

- received relief from government cr NGO ... I
 

(Men and women: 0-No; 1-Yes.
 
Use codes: 1-obtain food; 2-rebuild house; 3-replace livestock; 4-for
 
agricultural inputs; 5-to replace other assets; 6-to pay for health
 
care; 7-other.]
 

Did your household help any of the following during or after the 1991
 
flood? [0-no; 1-yes]
 

relatives from same bari.................................. II
 
relatives from another bar ...................... I_
 
others from same gusti .................................... I I
 
others from same samaj ......................... I I
 
unrelated people .......................................... I I
 

What type of help did you give? ;0-no; 1-yes]
 

moving people or goods .........................
 

treating sick and ill ........................................
 

providing shilter in your home .................
 

providing food ................................................
 

providing cooking facilities ................................
 

giving relief ................................................
 

giving financial help ..... ....................
 

others ........................................................
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Value of damage to other assets (agricultural implements
 

furniture, household utensils, personal posessions, etc)
 

due to flood ......................................... Tk I I I I
 
What percentage of these assets could you save? ....... %I I
 

g Could you have prevented more 	of this damage from happening?
 

If yen, why couldn't you do this? 	 not enough warning
 

didn't expect flood
 

no higher place
 

[0-no; 1-yes.] 	 transport problem _ 

h Crop areas and losses/gains (if any):
 

Area of Boro paddy in 1991 .......................... dec 111
 
expected yield md/ . .. ................... md/acre I
 
actual yield md/_ . ...................... md/acre I
 

Area of Aus paddy in 1991 ........................... dec I I
 
expected yield md/ . .. ................... md/acre I
 
actual yield md/ . .. ..................... md/acre I
 

Area of Aman paddy in 1991 .......................... dec I I
 
expected yield md/ ................... md/acre I
 
actual yield md/ . .. ..................... md/acre I
 

Area of millet in next season (winter 1991/92) ....... dec I I
 
Was production more (1), same (2), or less (3)
 
than normal? ............. . . ... ..
.......................... _I
 

Area of other rabi crops next season ................ dec I I I _ 1
 
Was production more (1), same (2), or less (3)
 
than normal? ............. ._...I
......................... 


[Area-O if not grown, yield=O if lost whole crop.]
 

Inome impacts. If the household obtains income in cash or kind from the
 
following sources, how was it affected by the 1991 flood:
 

i agricultural labour: no months affected ......... I I
 

during these months % of normal income received.% I_ _ _
 

vi regular livestock income (eggs, milk): no months.
 

during these months % of normal income received.% I I I
 
ii fishing: no months affected ............................._ _ 


during these months % of normal income received.% I _ I
 
iii other labouring: no months affected .............
 

during thepe months % of normal income received.% I
 
iv domestic work: no months affected ...............
 

v business/trade/crafts: no months affected .......
 

during these months % of normal income received.% I
 

during these months % of normal income received.% I
 

[Note 100% - normal income; 10% more income code as 110% of normal; 20%
 
less income code as 80% of normal; 0-no income; -8 = Not Applicable
 
household does not receive any income from this source normally]
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9 Homestead protection
 

a Height of plinth of main house above ground level. inches I I I I
 

How much do you spend each year on normal repair and 
maintenance of your main house? .................... Tk _ _I_ _ _I 

How often in 10 years do you expect your house to be
 
flooded above floor level? ................................ .I I_.
 

b What actions has this household taken (if any) to protect
 

the homestead?
 

make barrier once every ............. years
 

last year done .................. ii
 
cost ....................... Tk 1 1 1
 

raise plinth once every ............. years
 

last year done ....................
 

cost ....................... Tk 1 1 1
 
main other action once every ............. years
 

last year done .................... . I
 
cost ....................... Tk 1 1 1
 

[Actions: note action taken, codes: 1-plant trees/bushes; 2-strengthen

house plinth; 3-turf plinth; 4-build bund; 5-raise homestead areal
 
others post-code ...] II
 

10 Erosion
 

When did you last move homestead because of erosion? Year I I I I I
 
[0-never]
 
Where from (name) .............................................. I_.I
 

[1-Another char in another mauza; 2-Another char within this mauza; 3-

This char but another mauza; 4-This char same mauza]
 

Where did you first move to? Location (name)
 

....... ,,... .................... ., . ... ...,... ,..I
 

[1-Homestead presently living in; 2-This char same mauza; 3-This char
 
but another mauza; 4-Another char within this mauza; 5-Another char in
 
another mauza]
 

Type of place first moved to ............................... .I I I
 

[1-own land already owned; 2-bought land; 3-relative's house; 4­
neighbour's housel 5-rich person's house; 6-flood shelter; 7-embankment;
 
8-other public land; 9-public building; 10-other]
 

What was your reason for choosing your present homestead
 

............................................. location? II
 
[1-near own land; 2-near relatives; s-near samaj; others - note and post
 
code]
 

Did you change samaj when mgvtd? ![O-no, I-yes] I
 

Are you living here on an u~hui basis? [0-no, 1-yes] II
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11 Preferences
 

[This question should be asked separately of the household head/senior
 
male and senior female/household head. Column "M" is for men's
 
opinions, column "W" is for women's opinions]
 

a 	 What local measures could be taken to help reduce your household's
 

suffering in future floods? Who should do each thing suggested?
 
M W
 

Most needed local measure .................................. I I I
 
Who ................................................... I I I
 

Next most needed local measure ........................... I_ I I
 
Who ................................................... I I I
 

Third most needed local measure ............................ I I I
 
Who ................................................... I I I
 

[Measures: 1-house raising; 2-grass barriers; 3-other barrier (eg
 
daincha, bamboo etc); 4-brick mattress; 5-plant trees; 6-strengthen
 
plinth; 7-build bundl 8-flood shelter; 9-cattle shelters; 10-clustered
 
settlement raising; 11-boats in flood; 12-flood warning; 13-flood
 
information; 14-low interest loans after flood; 15-local relief fund;
 
16-help for dry season agriculture;
 

Who: 1-individual households of their own initiative; 2-bari; 3-gustil

4-samaj; 5-para; 6-village; 7-other local community group; 8-cooperative
 
societies; 9-NGO groups; 10-Union Parishad; 11-Thana; 13-District; 14-

Other government agency; 15-NGO .... (add codes as necessary)]
 

b 	 Measures such as these cost money. Would you be willing to pay in cash
 
or kind: M W
 
all of your share of the costs (1),I I I
 
part of your share of the costs '2), or 	 ­none of the costs (3) ......................................
 

c 	 Are there ote'e local measures which could help you cope if erosion
 
cannot be ed ced? What? H W
 

Pr'eferred measure ............................................ I I _ I I I
 
Second needed measure ........................................ I I I I I I
 
[Measures: 1-provide homestead plots; 2-assistance for house boats; 3­
resettlement loans; 4-resettlement grants; 5-security of tenure on
 
embankments; 6-secure rights over eroded land; 7-allocation of khas land
 
to erosion victims; 8-boats to help when moving; 9-free temporary
 
accommodation ..... ]
 

d 	 Are there any other major interventions which you think should be made
 

to help against floods and erosion here?
 

[Open 	question, write answer in space, to be coded later]
 

lot intervention ............................................... _I II
 

2nd intervention ...............................................I I I
 

........................................
 
Checked Iv ......
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APPENDIX B 

VARIANCE CALCULATIONS FOR 2-STAGE PPS/SRS SAMPLE 

This Appendix is derived from the FAP 12 (1992) Final Report. 

As described in Chapter 1 the survey used a two-stage sample design, in order to avoid the need for 
compiling final-stage sample frames covering the entire population in each project. The first-stage sample 
units, the mauzas (revenue villages), were selected with probability proportional to size (PPS), and the 
second (final) stage sample units, households, were selected by simple linear random sampling (SRS) 
within the selected first-stage units. 

The variance algorithms supplied as standard with proprietary statistical analysis packages assume a 
single-stage simple random sample (SSRS) design and therefore are-inappropriate for a two-stage design, 
where it is necessary to take account of the relative contributions of the variance arising from variation 
within, and variation between, the first-stage sample units. 

The variance algorithms used in this study for results presented in Chapter 3 are given in equations 2 and 
4 below. They are derived from Cochrane (1983), Section 11.8, and are given in their present form in 
Poate and Daplyn (1990), Appendix 1. 

For calculating variances using these algorithms, it is necessary to obtain the subtotals of the variable(s) 
being analyzed, for the first-stage sample units. These subtotals are indicated in equations 2, and 4 by: 

and 

Since the number of first-stage units is quite small, it was easiest to operationalize the variance algorithms 
by extra ing the relevant subtotals for the first-stage units using SPSS o dBase, and then to enter diem 
into a spieadsheet for variance calculation. 



APPENDIX B 
STATISTICS FOR 2-STAGE PPS/SRS SAMPLE 

EQUATION 1: POPULATION TOTAL OF A VARIABLE 

M If-In­
mn , 

EQUATION 2: VARIANCE OF TOTAL 

-1H 2 J-1Ii-1 

var(Y) = _ (2 (E'i ) -( Y 
n(n-1)m 2 n 

Definitions of variables: 

Variable Definition Value/Source 

Y Estimated population total for numerator Computed-Eq. 1 

X Estimated population total for denominator Computed-Eq. 1 

H Total households in sampled population Derived from inventory 
data 

n Number of clusters in sample 15 

m Cluster size 10 

Yi Value of Y for jt household of it l cluster Original household data 

X0 Value of X for j' cluster Original household data 



APPENDIX C Confidence Limit Tables 

Table 1 Household Flood Depth and Duration, 1988 

Bhuapur Kurigram 

% Flooded Mein 80% CI % Flooded Mean 80% CI 

Flood Depth (in) 

All 87 0.69 0.60-0.77 97 1.05 0.95-1.14 

Island Char 97 1.13 na 100 1.34 na 

Attached Char 84 0.80 na 100 1.82 na
 

Unprotected Mainland 70 0.44 na 93 1.18 na
 

Duration (days) - 14.3 12.4-16.2 - 14.0 12.8-15.2
 

Source: Flood Proofing Household Survey 

Table 2 Evacuation Impacts of 1988 Flood 

Bhuapur Kurigram 

Estimate 80% CI Estimate 80% CI 

Total Population 172,071 160,432-183,711 189,803 179,764-199,842
 

People Moved 60,060 48,144-71,975 108,322 93,274-123,369
 

Percent Moved 35 - 57 -


Temporary Shelter 223 162-285 284 234-334
 
Tk/household) 

Total Cost, Temporary 5.5 4.0-7.1 8.2 6.7-9.6 
Shelter ('000,000s) 

Total Cattle 70,814 55,570-86,058 77,263 65,398-89,128 

Cattle Moved 39,047 27,086-51,008 55,407 43,988-66,826 

Percent Moved 55 72 -

Source: Household Flood Proofing Survey 

http:0.95-1.14
http:0.60-0.77


Table 3 Mean Household Losses from 1988 Flood (1988 Tk. values) 

Bhuapur "urigram 

Mean 80% CI Mean 80% CI 

Temporary Shelter 223 161-285 283 234-334 

Livestock 2,142 1,482-2,802 1,015 787-1,242 

Housing 3,238 2,145-4,332 2,031 1,838-2,223 

Stored Food Grain 433 270-596 759 543-975 

Boat Damage 83 36-130 25 2-47 

Tree Damage 1,295 1,025-1,565 793 646-939 

House Contents 385 292-475 394 325-464 

Total Homestead Loss 7,581 5,980-9,182 5,300 4,732-5,869 

Preventable Loss 218 164-271 204 169-240 

Standing Boro Loss 540 329-754 204 112-295 

Standing Aus Loss 5,014 3,834-6,197 3,792 2,801-4,786 

Standing Aman Loss 7,332 6,090-8,572 4,834 3,617-6,049 

Source: Houschold Flood Proofing Survey 

Table 4 Total Losses from 1988 Flood by Study Reach (1988 Tk. millions) 

Bhuapur Kurigram 

Total 80% CI Total 80% CI 

Temporary Shelter 5.5 4.0-7.1 8.1 6.7-9.6 

Livestock 53.2 36.8-69.5 29.2 22.6-35.7 

Housing 80.3 53.2-107.5 58.4 52.8-63.9 

Stored Food Grain 10.7 6.7-14.8 21.8 15.6-28.0 

Boat Damage 2.1 0.9-3.2 0.7 0.06-1.35 

Tree Damage 32.1 25.5-38.8 22.8 18.6-27.0 

House Contents 9.5 7.2-11.8 11.3 9.4-13.4 

Total Homestead Loss 188.2 148.4-227.8 152.4 136-168.8 

Preventable Loss 5.4 4.1-6.7 5.9 4.9-6.9 

Standing Boro Loss 14.1 6.6-21.5 5.9 3.22-8.5 

Standing Aus Loss 124.5 95.2-153.8 109.0 80.6-137.6 

Standing Aman Loss 181.9 151.1-212.8 139.0 104-174.0 

Source: Household Flood Proofing Survey 

http:0.06-1.35


Table 5 In-House Flood Characteristics (1991) 

Bhuapur Kurigram 

% Flooded Mean 80% CI % Flooded Mean 80% CI 

Flood Depth (m) 

All 19 0.056 0.04-0.073 31 0.28 0.16-0.33 

Island Char 31 0.09 na 28 0.22 na 

Attached Char 14 0.04 na 41 0.30 na 

Unprotected Mainland 0 0.00 na 29 0.33 na 

Duration (days) - 1.87 1.03-2.17 - 2.96 2.14-3.50 

Source: Household Flood Proofing Survey 

Table 6 Evacuation Impacts of 1991 Flood 

Total Population 

People Moved 

Percent Moved 

Temporary Shelter 
(Tk/household) 

Total Cost, Temporary Shelter 
(Tk '000,000s) 

Total Cattle 

Cattle Moved 

Percent Moved 

Bhuapur 

Estimate 

158,504 

7,445 

4.7 

30.0 

0.74 

37,392 

1,489 

4.0 

80% CI 

149,483-167,526 

2,221-12,670 

-

6-54 

0.14-1.34 

32,645-42,139 

623-2,355 

-

Kurigram 

Estimate 80% CI 

191,528 184,319-198,738 

2,876 0-6,069­

1.5 

8.33 0.74-16.0 

0.24 0.02-0.46 

60,008 49,754-70,263 

4,410 929-7,890 

7.3 -

Source: Household Flood Proofing Survey 
'Lower confidence limits that were estimated as negative numbers have been truncated and set to zero in the 
tables. 

http:0.02-0.46
http:0.14-1.34


Table 7 Mean Ilousehold Losses from 1991 Flood (1991 Tk. values) 

Bhuapur Kurigrqm 

Mean 80% C1 MIean 80% CI 

Temporary Shelter 30.0 6-54 8.33 0.75-16.0 
Livestock 214.0 99-329 47.0 21-73 
Housing 514.0 234-793 242 203-280 
Stored Food Grain 3.3 0-7.6" 10.0 0-20.4" 
Boat Damage 200.0 0-456' 2.67 0-6.1 
Tree Damage 95.0 61-129 87.3 58.5-116 
House Contents 25.5 15-36 26.0 i8.6-33.4 
Total Homestead Loss 1,082 694-1,469 423 356-490 
Preventable Loss 21.3 12-30 20 14.4-24.7 
Standing Boro Loss 721 343-1,103 360 147-577 
Standing Aus Loss 1,714 1,284-2,140 1,320 834-1,798 
Standing Aman Loss 2,052 1,448-2,656 1,823 1,352-2,293 

Source: Household Flood Proofing Survey 
'Lower confidence limits that were estimated as negative numbers have been truncated and set to zero in the 
tables. 

Table 8 Total Losses From 1991 Flood by Study Reach (1991 Tk. in millions) 

Bhuapur Kurigram 

Total 80% CI Total 80% CI 

Temporary Shelter 0.75 0.14-1.4 0.24 0.02-0.46 
Livestock 5.3 2.5-8.2 1.34 0.59-2.10 

Housing 12.8 5.8-19.7 6.9 5.8-8.10 
Stora Food Grain 0.08 0-1.9" 0.30 0-0.6" 
Boat Danmage 4.96 0-11.3 0.08 0-0.17' 

Tree Damage 2.4 1.5-3.2 2.5 1.7-3.3 

House Contents 0.64 0.36-0.91 0.75 0.53-0.96 
Total Homestead Loss 26.9 17.2-36.5 12.2 10.2-14.1 

Preventable Loss 0.53 0.31-0.75 0.56 0.41-0.71 
Stinding Boro Losst 18.0 8.45-27.36 10.40 4.23-16.55 
Standing Aus Losst 42.5 31.78-53.27 38.00 24.3-51.70 
Standing Aman Losst 51.3 36.41-66.17 52.44 38.62-66.26 

Source: Households Survey 
*Lower confidence limits that were estimated as negative numbers have been truncated and set as zero in the 
tables. 
tLoss of Boro, Aus and Aman paddy calculated as price of 1990-91 financial year (BBS 1992). 

http:38.62-66.26
http:36.41-66.17
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