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IMPACTS OF ANTHROPOGENIC ACTIVITIES ON NATURAL RESOURCES 
AND FOOD SECURITY IN THE COASTAL REGION OF BANGLADESH

EXECUTIVE SUMMARY

Introduction

The coastal region of Bangladesh contributes to about one fifth of the country’s landmass 
and one seventh of the total population. Over 30 million people live in the coastal region 
relying on agriculture, fishery, forestry, and other livelihood activities. Once the region 
had the most diverse natural resources with huge forest vegetation, fishes, crops, poultry, 
livestock and wildlife. But at present, the whole region is at the verge of serious 
degradation due to human interventions. Brackish water shrimp cultivation, salt 
production, fish processing, exhaustive marine fishing, discharges from industrial plants 
and navigation, and other anthropogenic activities have been considered as major causes 
playing detrimental roles on its natural resources as well as livelihood thus raising serious 
concerns about food security in the region. The objectives of the study were to 
characterize the major anthropogenic activities and their impacts on natural resources and 
food security in the region.

Methodology

The study was conducted in four selected Upazilas in the downstream coastal districts 
from South-West (SW) to South-East (SE) part of Bangladesh during October 2007 to 
March 2009. The Upazilas were Shyamnagar, Paikgacha, Rampal and Chakaria under 
Satkhira, Khulna, Bagerhat and Cox’s Bazaar districts, respectively. The methodological 
tools used were participatory rural appraisal (PRA), household survey, monitoring, 
sampling, focal group discussions, personal interview, on-farm field visits, institutional 
consultations as well as utilization of secondary information. The major outcomes of the 
study have been highlighted in the following sections:

Anthropogenic Activities 

The study identified nine anthropogenic activities putting impacts on both resources and 
production environments in the coastal region. These are human population growth;
coastal embankment; upstream withdrawal of Ganges water; brackish water shrimp
farming; salt production; use of agro-chemicals, industrial activities; commercial 
activities, i.e. ship breaking, brick burning and tobacco curing; exploitation of natural 
resources; and settlement, urbanization and transportation.

Human population: Growing human population has been identified as one of the major 
anthropogenic activities, which is supposed to increase pressure on both resources and 
environment, thus accelerating degradation of resources and increasing pressure on 
production environments. Total population in Shyamnagar, Paikgacha, Rampal, and 
Chakaria in 2001 were 313781, 248112, 178503, and 336198, respectively. With an 
annual growth rate of 1.6%, 2.5%, 1.4% and 2.3%, respectively, the projected population 
by the year 2030 will be around 497215, 507738, 267114, and 650112, respectively, with 
an increment by around 59%, 105%, 50%, and 93%, respective, during the same time 
frame if the current growth rate continues.
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Coastal embankment: The present study revealed that degradation of the coastal 
ecosystem started with the implementation of Coastal Embankment Project (CEP) during 
1960-1980 through which flood embankments were raised with an intention to save 
agricultural lands as well as to intensify rice production all through the coastal region. A 
total of 5017 km of embankments were raised throughout the coastal region against the 
will of nature.

Upstream withdrawal of Ganges water: Withdrawal of Ganges water at upstream 
added to the magnitude of degradation of the SW region by reducing the flow of Gorai 
and other rivers in the SW region, changing river morphology, decline in both surface 
and ground water resources, inward movement of salinity gradients and also arsenic 
contamination due to over exploitation of ground water resources in absence and/or 
reduced availability of surface water. The average monthly water flow at Hardinge 
Bridge point during dry season and 2674 m3/sec during 1935-1975, which came down to 
1871 m3/sec during 1975-2004, indicating a decline by 30%.

Brackish water shrimp farming: Polder areas encircled by coastal embankments as 
well as dried up rivers and canals, beels, encouraged unprecedented expansion of 
brackish water shrimp farming in the whole coastal region. The total area under brackish 
water shrimp farming was 51812 ha in 1984, which grew to over 217000 ha in 2008. The 
highest expansion took place in the SW region due to favorable geo-physical setup as 
well as easy availability of shrimp post-larvae in the Sundarbans estuaries. In 1984, area 
under shrimp farming in the SW region was 321239 ha which grew to over 172000 ha by 
2008. In the study areas, the area under shrimp farming in Shyamnagar, Paikgacha, 
Rampal and Chakaria were  755, 445, 4528 and 958 ha, respectively, which stood over 
14700, 16800, 14881, and 12500 ha, respectively, with an estimated increase by 1843, 
3675, 229, and 1205%, respectively.

Salt production: Salt production activities have been dominated in Cox’s Bazaar district. 
In this district, about 7136 ha land have been considered suitable for salt bed, while 
nearly 29000 ha of land area have been brought under salt production in 2008-09. In 
Chakaria upazila under Cox’s Bazaar, the land area under salt bed in1998 was 4655 ha, 
which grew to over 8900 ha in 2007-08 with an increase by over 91%.

Industrial activity: Industrial and commercial activities expanded throughout the region 
due to improved communication as well as port facilities in Chittagong and Mongla. 
Industrial activities have been reported to be polluting both soil and water resources. A 
total of 5873 industrial and manufacturing plants were situated in the coastal region out 
of a total of 24934 in Bangladesh as a whole. Most industrial developments, however, 
concentrated in Chittagong and Khulna due to port facilities in the vicinity of these large 
cities. In Chittagong, there are around 720 industrial installations of which 370 were 
considered as major polluters. In Khulna, out of 300 major installations, 290 were 
considered as major polluters. Growth of shrimp farming also involved several associate 
activities e.g. hatcheries, processing activities, transportation and marketing activities.
Around 200 shrimp processing plants are in operation in Khulna and Cox’s Bazaar region
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Use of agrochemical: Monoculture of rice by adopting modern varieties (MV) of rice
have also been increasing in the coastal region, thus replacing the traditional local 
cultivars to meet the growing demand of the increasing population. MV rice cultivation 
also invited growing as well as indiscriminate use of agrochemicals, mainly urea fertilizer 
and insecticides. Quantum increases in insect pest attack on crops in recent years forced 
the farming communities to rely heavily on insecticides. The study revealed that farmers 
usually applied insecticides 2-7 times in a single rice crop against only one recommended 
use. Field estimates indicated that a total of 17-23 tons of pesticides were used in T. 
Aman rice crop alone in 2008. Estimates at regional level, however, indicated that over 
4520 tons of pesticides are being used in the coastal districts annually.

Exploitation of Natural Resources

Open water fishing: Approximately 150,000 fishermen are engaged in artisanal fishing 
in the coastal water, and another 40,000 fishermen are engaged in fishing inside the 
Sundarbans. At present over 45000 boats are operating in the coastal region of 
Bangladesh, although only 6000 are registered. There are over 200 large fishing trawlers 
have been engaged in fishing in the shallow water in the Bay of Bengal of which only 88 
were registered. Between 1990-91 and 2006-07, the growth in industrial, artisanal and 
Sundarbans fishing increased by 304, 94 and 167%, respectively, indicating increased 
pressure on this sector, and thus raising concerns about its stocks and ecological limits. It 
is argued that the shrimp larvae fishery, shore net, canal gill net, small meshed set bag net
and gill nets are destructive and lead to over fishing. Around 3200 fishing trawlers and 
over 10000 fishing boats fitted with ‘current nets’ are exploiting hilsha fries (jatka) in 
estuarine rivers and in the Bay of Bengal despite government efforts to save it. Fishing 
with the help of insecticides and other poisons have been growing in recent years, which 
raises another deep concern since all the aquatic creatures are killed during such 
destructive type of fishing. 

Shrimp post-larvae collection: On regional basis, there is an estimated number of over 
450000 shrimp larvae collectors in the region, although around 200000 people collect 
shrimp larvae as a main occupation. Around 300,000 and 80,000 peoples are involved in 
shrimp post-larvae catching in the coastal and the Sundarbans waters, respectively. There 
are around 20000 shrimp fry collectors in four Upazilas. Shrimp post-larvae collection 
has been found to continue despite official ban on collection from natural sources in and 
around Sundarbans. In 2002 an estimated amount of 3000 million shrimp post-larvae
were collected from the region. However, field level estimate for the four study Upazilas 
was around 15 million in 2008.

Snail and mud crab collection: Snail collection from natural sources has become 
another anthropogenic activity because of indiscriminate collection from natural sources 
within the SW region as well as other regions to meet the demand as shrimp feed in the 
SW region. Snail flesh is used as feed in both Bagda and Golda shrimp farms. As a result, 
thousands of resource poor people have been engaged in snail collection in the region. 
Snail shell is also used as fish feed after grinding. On an average, 50-75 tons of snails 
were found to be traded every day in one informal market in Khulna alone, however, 
several other such trading places were identified in Khulna as well as Barisal region. Mud 
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crab collection has been found increasing throughout the coastal region due to its high 
demand as an export item. Forest department statistics indicated total collection of mud 
crab in 1984 was 10 tons, which grew to over to 1343 tons in 2008.

Timber and firewood collection: Officially timber and firewood collection is banned 
from the Sundarbans Reserve Forest (SRF). However, due to increasing crisis of biomass 
fuel in the coastal region, there was evidence of ever increasing collection of both timber 
and firewood from the SRF. Timber and firewood collection has also been continuing at 
an accelerating rate from the Chakaria reserved forests. Moreover, game hunting with the 
help of insecticide as well as sedatives was also reported in the Sundarbans. Tigers, 
spotted deers, and birds are hunted with the help of insecticides, poisons and sedatives. 

Commercial Activities

Ship breaking activities: Ship breaking has been identified as a potential anthropogenic 
activity impacting the coastal soil and water resources significantly. There were 54 ship 
breaking yards in the Sitakunda coast in Chittagong, and the number of installations was
found to increase due to increasing demand for iron materials in the country. Over a 
period 12 years increments in ship breaking grew over 172% in term of  dead weight tons.

Brick burning: Brick burning activity has been growing all over the coastal region as 
well as in the study areas due to increases in settlement and infrastructures. A total of 51 
brick fields were found in operation in the study areas, and the numbers were increasing. 
These brick fields were found to burn around 3000 tons of quality top soils from 
agricultural lands. Also they were found to burn around 766 tons of firewood annually. 

Tobacco curing: Tobacco cultivation has been gaining momentum in the foothill areas 
of Chakaria and other Hill Tract districts due to cheaper lands as well as easy availability 
of firewood for curing of tobacco. There are around 800 curing houses in Chakaria, 
which used around 4800 tons of firewood as fuel material in 2007. Besides, there are also 
around 8000 curing houses elsewhere in the Hill Tract districts, which were reported to
burn around 20000 tons of firewood for curing of tobacco annually. The main sources of 
firewood used for curing are the reserved forests of Chakaria. All the firewood was found 
to be collected illegally by clearing reserved forests.

Settlement, urbanization and communication: Anthropogenic activities also facilitated 
the expansion of settlements including housing, settlement and road network in the study 
areas. Between 1998 and 2008, areas under housing and settlements have increased by 
40-57% in the study upazilas. Between 2001 and 2008, the increases in paved and semi-
paved road networks were 72, 48, 241, and 105%, in Shyamnagar, Paikgacha, Rampal, 
and Chakaria, respectively. In recent years, there were considerable growth in both road 
and marine transportation. Chittagong port deals with 1500 vessels every year in addition 
to it 40 oil tankers, 2500 registered vessels, while Mongla port deals with 1,500-1,600 
vessels and 12,000 to 13,000 cargoes annually. Besides, there are over 44000 mechanized 
boats and 200 fishing trawlers operating in the shallow coastal water of which only 6000 
and 88, respectively, have registration.
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Impacts of Anthropogenic Activities 

Impacts on natural resources

River siltation, river drying and waterlogging: Coastal floodplains are crisscrossed 
with numerous rivers and canals following a diurnal tidal pattern. The diurnal tides used 
to carry large quantities of silt, which used to deposit on the surrounding tributaries, 
canals as well as flood plains. But the flood control embankments prevented the entry of 
these silts into the flood plains, thus the silts started to deposit on the river beds. Coastal 
embankments resulted rise in the river beds through siltation. The outlets of the sluice 
gates were also blocked by silt, as a result of which the monsoon rain water could not 
drain off, thus creating water-logging. Within the embankments, the wetlands also 
subsided due to non-deposition of silt and gradually took the shape of lakes (polders). As 
a result, water-logging became a permanent feature of the SW region, spreading 
gradually from the north to the south. Withdrawal of Ganges water at Farakka also 
aggravated the situation by reducing the normal flow of Ganges and its distributaries in 
the SW region. As a combined effect, most of the rivers and canals in the SW region 
were dried up, even died in many places.

Reduction in surface and groundwater resources: Withdrawal of Ganges water 
resulted considerable decline in both surface and groundwater resources by adversely 
affecting recharge of these two resources. Withdrawal of Ganges water resulted in 
decline of monsoon and dry season water flow by 20-22%, respectively between 1975 
and 2004. About 60% water diversions at Farakka caused a 50% drop in the surface water 
availability and a proportionate drop in the recharging ground water as well. 

Increase in soil and water salinity: As mentioned earlier, coastal embankment resulted 
polderization of the land areas within the embankments. As a consequence of river 
siltation and closure of the water inlets/outlets, water stagnation became a permanent
feature in majority of the areas in the SW region. This situation became an incentive for 
the fast expanding shrimp farming activities, who increasingly started perennial type of 
shrimp farming with lust for quantum profits. Storing saline water throughout the year 
and even year after year aided increasing soil and water salinity across the whole SW and 
SE regions. Besides, withdrawal of water at Farakka reduced the pressure of sweet water 
from upstream, thus shifting salinity gradient further inland bringing more and more 
areas under higher salinity levels. Very high increase in soil and water salinity adversely 
affected both floral and faunal resources at both terrestrial and aquatic ecosystems.

Decline in soil fertility: Soil salinity has been found to adversely affect soil fertility as 
observed through the study. Soil organic matter contents in the agricultural soils were 
found to decline by 12-48% compared to 1999 level across the region, with the highest 
decline in the SW region. Brackish water shrimp farming gradually converted agricultural 
lands to shrimp ponds. The major direct impacts were increased soil and water salinity as 
well as shifted of salinity further towards inlands. Increased soil and water salinity 
hampered soil fertility status as it was observed that around 40-50% reductions in soil 
organic matter content in the study areas since 1999. 

Pollution of soil and water resources: Major hotspots of industrial pollution were 
identified as Chittagong, Khulna, and Jessore. In Chittagong, Khulna and Jessore, 720, 
300 and 20 industrial plants have been polluting rivers as well as coastal marine 
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environments. Besides, around 200 shrimp processing plants situated in Khulna and 
Cox’s Bazaar region have been dumping wastes and effluents in the river waters. Ship 
breaking activities releases POPs,. PCBs, PVCs, PAHs, as well as heavy metals and other 
trace metals in the ambient environment, thus putting severe detrimental impacts on 
marine fish and other aquatic life forms as well as human being. Oil spills from marine 
transportation are a major threat to the marine and estuarine resources. Approximately 
400,000 tons of oils are spilled into the Bay of Bengal every year of which 6000 tons is 
contributed by Bangladesh. Over use of urea in rice cultivation as well as shrimp ponds 
have been indicated to increase eutrophication of coastal waters as well as enhance 
harmful algal blooms. Indiscriminate use of insecticides has been identified to raise 
resistance to insect pests, depletion of biodiversity and toxic buildup in food chains.
Fishing inside the Sundarbans with insecticides was identified to cause destruction of 
aquatic lives. Arsenic pollution has been increasing in groundwater, agricultural soils, in 
crops and vegetables in the SW region due to over-extraction of ground water as a result 
of reduction in surface water resources due to withdrawal of Ganges water at upstream.

Depletion and degradation of forest resources: Unplanned expansion of shrimp 
farming caused destruction of the 18000 ha natural mangrove forest in Chakaria. Brick 
fields and tobacco curing houses have been identified to deplete reserved forests, 
particularly in Cox’s Bazaar region in the coastal region. Expansion of commercial 
activities e.g. ship breaking activities have also been found to destroy coastal plantations 
forest. Over exploitation also decreased Chakaria reserved forest area by 15% during 
1998-2008. Quantum increase in soil and water salinity has been found as the major 
cause behind top dying of sundri trees as well as degradation of other forest resources in 
the Sundarbans mangrove forest. Biomass fuel crisis has been identified as a major cause 
behind over exploitation and degradation of reserved forests in the coastal region.

Loss of Biodiversity: Anthropogenic activities have been found to accelerate the 
impoverishment of both floral and faunal biodiversity in the coastal region. Homestead 
plantations, crop genetic resources, wild lives, birds, etc. were found to be declining over 
time at an alarming rate due to man made activities. 

Impacts on Production Systems

Crop Production: Rapid expansion of shrimp farming, growing human population, 
settlement and urbanization as well as industrial and commercial activities were found to 
decrease per capita land area. Estimates indicated that per capita land area will decline by 
34-51% in the study areas by 2030. Among the different factors, shrimp farming was 
identified as a major one which converted rice growing areas to shrimp growing areas
gradually. The other major impacts were the reduction of productivity and yield of rice, 
vegetables and other crops due to increased soil and water salinity. Aman rice yield was 
found to decline by 7-20% in most of the study areas during the last 10 years. Direct field 
measurement further brought the figures to a much higher range of 18-35%.

Homestead production: Salinity put adverse impacts on yield and quality of homestead 
plantation products. Salinity also limited the survival and growth of new plantations in 
the homesteads. The study indicated that over 20 years the decline in vegetables in 
Shyamnagar, Paikgacha and Chakaria were by 24, 35 and 32%, respectively. In case of 
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fruit trees, the corresponding figures were 53, 41 and 32%, respectively. In case of timber 
trees, the declines were by 44, 25 and 7%, respectively. Decline in homestead plantation 
created severe biomass fuel crisis. Biomass fuel crisis also led to degradation of natural 
resources in two principal ways, firstly it forced towards increased use of cow dung as 
cooking fuel instead of applying to crop fields, thus affecting the soil fertility status. 
Secondly, the crisis led to over exploitation of forest resources. 

Livestock production: Increased soil and water salinity limited crop coverage and yield, 
limited open areas for grazing, thus reducing the feed and fodder sources for livestock. 
Water salinity also created health related problems in livestock thus retarded their 
population, growth and yield. Data indicated that livestock populations per households 
have declined in the study upazilas. Cattle heads per household have declined by 48% to
54% in the study upazilas during 1996-2008. Decline in goats were visible in SW region 
where 33 to 70% decline was noticed. Poultry population was also found to decline by 12 
to 63% in most of the study areas during the same time frame. Long term trends in
livestock population revealed a decline in cattle population in Shyamnagar and Paikgacha 
by 28%, and 32%, respectively, during a period of 1989-9 and 2007-08. However, rate of 
decline in Rampal was only 10% since the database were available since 2000-01.

Fisheries production: Increased water salinity limited the prospects of homestead pond 
fisheries. Drying up and conversion of water bodies i.e. rivers, canals, beels, etc. reduced 
the inland fisheries production. It was revealed that, fish production from rivers, beels 
and baors in the study districts were declined by 14-85%, 17-92%, and 38-92%, 
respectively within a period of 1995-96 to 2006-07. In the local fish markets, availability 
of sweet water fish, estuarine fish and shrimp have declined by 40-60, 30-65, and 20-50%, 
respectively, over the last 10 years. As a consequence, marine and Sundarbans areas were 
under increased pressure in terms of increase in fishing vessels and fishing efforts. 
Evidences shoed that marine artisanal fish harvest (kg/boat/day) declined by 87% in 
Cox’s Bazaar between 2001-02 to 2005-06. In case of industrial fishing, a decline by 
around 13% despite 24% increase in fishing days was noticed during the same period.

Socio-economic Impacts 

Biomass fuel: One of the major impacts of anthropogenic activities was the severe crisis 
of biomass fuel due to depletion of homestead plantations and other community 
plantation resources as a result of increases in soil and water salinity. Crisis of biomass 
fuel increased hardship of poor rural communities, increased dependency on market 
sources leading to extra expenditure i.e. 7-14% of annual income of the households. Field 
estimates revealed that households’ own sources and open areas contributed only 21-49%, 
and 3-8%, respectively, of biomass fuel supply in the respondent households. On the 
other hand, forest sources (direct collection and informal markets) contributed to 49-85% 
of the total supply, indicating higher dependence on forests. Besides, the crisis led to the 
increasing use of cow dung as bio-fuel which was supposed to be used as soil amendment.

Drinking water: Anthropogenic activities have been found to cause severe crisis of safe 
drinking water across the region through rise in water salinity as well as deterioration in 
water quality. Collection of safe drinking water caused severe hardship for poorer classes, 
even leading to increase in time spending as well as expenditure for water collection. 
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Besides anthropogenic activities, extreme climatic events were found to deepen the crisis 
of safe drinking water recurrently. The study also revealed that safe water supply in the 
region was inadequate in the region and is likely to further aggravate in the future unless 
proper measures are taken.

Health and sanitation: Water salinity created several health related problems like 
diarrhea, skin diseases, hypertension, asthma, and other health problems. Field study 
estimated that households usually spend 10-25% of their annual income in medication. 
There were also increasing instances of arsenic contamination in the ground water, 
agricultural soils, and also in rice and other vegetables in the SW region, thus raising 
grave concerns regarding arsenic related health problems in the coastal communities. 

Impacts on in social relations: Anthropogenic activities, particularly shrimp farming 
created many problems regarding social relations between poorer and richer sections of 
the communities. The major ones are conflicts between rice and shrimp farmers for the 
intrusion of saline water in adjacent rice fields produced due to shrimp farming activities. 
The second problem was identified as conflicts over profit sharing between richer and 
poorer partners in shrimp farming. Thirdly, conflicts between land owner and lease taker 
on the lease money. Fourthly, between land owner and shrimp farmer on access to his 
crop field to cultivate Aman rice during monsoon period. Fifthly, between land owner 
and lease taking shrimp farmer on the period of lease agreement which frequently being 
manipulated by the influential lease taker. All these conflicts were found to create dispute, 
harassment, violence, law suit and even loss of life and properties. Numerous evidences 
on such conflicts were revealed in all the study areas.

Impacts on labour productivity: Expansion of shrimp farming has been reducing the 
job opportunities of agricultural labourers in all the study areas. Usually, number of 
labourers required for a unit of shrimp farm is much lower than that of rice/crop farming 
in the same unit of land area. Field study revealed that 70-220 mandays were being 
displaced by shrimp farming instead of rice farming in the study upazilas. 

Livelihood opportunities: Siltation and drying of rivers and canals as a result of coastal 
embankment and Farakka barrage have reduced earning sources of the fishermen
communities. The situation was further aggravated by shrimp farming. Shrimp farmers 
who took control of closed rivers, canals and other water bodies through lease agreement, 
prevented access of fishermen and other peoples to these water bodies, thus squeezing 
their earning sources. As a result of growing social conflicts, deprivation and denied 
access to common natural resources, the poorer sections of the local communities were 
found to loose their properties and assets and in some instances were forced to sell out 
their land and other properties at reduced prices, change livelihood, and in extreme cases 
migrate to other places for sustenance. Data indicated that within a period of 1999-2000 
to 2008, landless and marginal households grew by 61 and 104% in Shyamnagar, 
respectively, while in Paikgacha, the corresponding figures are 167 and 76%, respectively.

Displaced as well as unemployed labour forces were also found to become heavily 
dependent on forest resources leading to further degradation of these resources.
Anthropogenic activities also destabilized the livelihood of Munda ethnic communities.
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Climate change related risks and vulnerabilities

Besides anthropogenic activities, the coastal region has been experiencing increase 
natural calamities and risks as an outcome of climate change. Alterations in temperature 
and rainfall patterns are indicated to accelerate flood, salinity, drought, cold injury and 
cyclonic hazards, having detrimental impacts on both resources and environments. 
Growth in frequencies of cyclonic storms as well as tidal surges implied that the region 
will be more and more vulnerable to climatic extremities. The impacts were identified as 
loss of land suitability, decline in agricultural productions, crisis of safe drinking water, 
increased health related complications. The resultant impacts were identified as increased 
food insecurity as well as socio-economic sufferings of the local communities.

Impacts on Food Security

Food security at household level: The study revealed that household food security 
depends mainly on rice production in the study upazilas. Data showed that around one-
third of the respondent households were found to face moderate to severe food insecurity 
under the present contexts. Particularly, small, marginal and landless households were 
found to face greater risks of food insecurity which was manifested by reduction in 
dietary diversity as well as lesser calorie intake. In the study upazilas, around 19, 16, and 
14% of the respondent households were found to eat only 1 item during breakfast, lunch 
and dinner, respectively. The respective figures for 2 items were 41, 54 and 58%, 
respectively. In terms of energy consumption, only large households were found to cross 
the absolute poverty threshold (HIES) of 2122 cal/cap/day, while medium households 
were below that level but above the hardcore poverty threshold level (1805 cal/cap/day). 
Rest of the households were far below the hard core poverty level, particularly landless 
households were in grave situation consuming only 1171 cal/cap/day.

Food security at upazila level: At Upazila level, Rampal, Shyamnagar and Paikgacha
have already been facing food shortages at varying levels. Particularly the situation in 
Rampal was alarming since the Upazila is officially food deficit area since early 2000.
Future projections also indicated that food insecurity situation will be worsen in these 
three upazilas in the coming days under present contexts of resources, circumstances and 
productivity. Chakaria, although has been found to be food surplus, however, projections 
regarding food demand and production up to 2030 showed that the Upazila is likely to be 
vulnerable regarding food security in the near future. It was estimated that until 2030,
human population there will be increased from 50 to over 100% in the study upazilas. On 
the other hand, per capita land area will decline by 33-50% during the same time frame.
During this time frame, Rampal and Shyamnagar upazilas in the SW are likely incur 
considerable food shortage. Chakaria, although was shown to be food surplus according 
to DAE estimates, but the situation in Chakaria is likely to deteriorate by 2030.

To summarize, the cause effect relationships between anthropogenic activities and natural 
resources, food security and socio-economic vulnerabilities have been shown in Fig. I.
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Guidelines to improve food security

The study, however, showed that food security status can be improved considerably or at 
least maintained if rice cropping area as well as productivity can be enhanced. 
Enhancement or maintenance of current rice productivity needs that salinity to be reduced 
below tolerable limits or sweet water sources to be ensured. Reducing salinity is a 
complex issue since it is linked with shrimp farming, upstream withdrawal of water as 
well as coastal embankment. Still, land zoning as well as scientific management of 
shrimp farming and also allowance for dual culture of rice and shrimp in the same land 
can lead to improve the situation considerably. Again, increase in rice cropping area by 
reducing shrimp area is also plausible since majority of the interviewed small shrimp 
farmers were in favour of rice cultivation. The study found that there are good prospects 
of MV Boro rice in the region, however, subjected to availability of irrigation facilities. 
Opening of the closed rivers and canals, which are already leased out by government to 
the shrimp farmers, and making sweet water reservoir, can lead to a substantial increase 
in rice production in the study areas. This measure would also enhance the fish resources 
in these water bodies. The study also identified vulnerability of the coastal embankments 
due to malpractices of making illegal sluice gates and water inlets. These practices were 
solely for the benefits of shrimp farmers, but suicidal for the rice farmers. The study 
indicated that proper maintenance of coastal embankment is needed urgently for the 
stability of the flood control dykes, water management for sustainable rice cultivation as 
well as salinity containment under tolerable limits. However, policy support as well as 
government intervention is essential to bring major shift in favour of rice cultivation, 
otherwise social conflicts between richer and poorer sections would aggravate.

Concluding Remarks

Based on the findings of the present study it might reasonably be concluded that a 
number of anthropogenic activities have increasingly been putting detrimental impacts on 
both natural resource and production environment in the coastal region of Bangladesh. 
Simultaneously, these anthropogenic activities also have been found to increase 
socioeconomic vulnerabilities of the coastal communities, particularly resource poor 
communities. Steps should be taken at priority basis at both local and policy level before 
the ecological damages become irreversible, food insecurity is widened as well as socio-
economic vulnerabilities of the local communities are deepened. Among various steps, 
formulation of a national policy and strategy to conserve the coastal ecosystem and its 
floral and faunal resources in a sustainable manner as well as to creation of alternative 
livelihood opportunities for the collectors of shrimp fry, snail, forest and others resources 
to be done as a priority basis. Simultaneously, existing regulations and restrictions 
regarding natural resource use and management as well as pollution from different 
sources should be strictly implemented. Social safety-net programmes to be created as 
well as strengthened to bring ultra-poor as well as distressed sections of the local 
communities under rehabilitation programme, so that resource degraders can be turned 
into resource conservators.
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IMPACTS OF ANTHROPOGENIC ACTIVITIES ON NATURAL 
RESOURCES AND FOOD SECURITY IN THE COASTAL REGION 

OF BANGLADESH

INTRODUCTION

The coastal region of Bangladesh contributes to about one fifth of the country’s landmass 
and one seventh of the total population. Over 30 million people live in the coastal region 
relying on agriculture, fishery, forestry, and other livelihood activities. Once the region 
had the most diverse natural resources with huge forest vegetation, fishes, crops, poultry, 
livestock and wildlife. But at present, the whole region is at the verge of degradation 
largely due to human factors. Brackish water shrimp cultivation, salt production, 
industrial and commercial activities, transportation and navigation, over exploitation of 
natural resources, etc. have been blamed as major causes playing detrimental roles on its 
natural resources as well as livelihood, thus raising concerns about food security in the 
region. 

The degradation of the coastal ecosystems started with the implementation of Coastal 
Embankment Project (CEP) during early 1960s (Mohit et al., 1998). Protected land areas 
inside the polders encouraged brackish water shrimp farming. Eventually shrimp farming 
emerged as a major land use by replacing crop agriculture in the whole region. 
Continuous transformation of agricultural and grazing lands into shrimp farms lowered 
the production of rice, vegetables and other agricultural commodities. In this way 
majority of the localities of the region have been turning from food self-sufficient to food 
deficit regions. At the same time increased soil and water salinity created a severe crisis 
of safe drinking water for human and other living beings. Salinity also created biomass 
fuel crisis leading to depletion of forest and other natural resources. Shrimp farming, 
although blessings for a small segment of our population, was found to cause curse for 
the vast majorities (Miah and Bari, 2002a; 2002b). Coastal embankments also made the 
areas inside the polders more vulnerable to cyclonic storms and intrusion of saline water 
(DoE, 2006), thus turning agricultural lands to non-agricultural uses (Sereno, 1981), and 
ultimately turned the areas unsuitable for agriculture and was termed as ‘man-made 
disaster’ (Rahman, 1995)

Apart from shrimp farming, other human activities are also playing vital roles in 
degrading the coastal ecosystems. Salt production is another major activity in the region 
occupying around 29000 ha of land. Besides, there has been substantial increase in 
settlements and infrastructure, industrial and commercial activities. Besides, over 
exploitation of natural resources has been growing with increase in human population. 
All these activities also led to increased road and marine transportation in the region. 
High levels of organic pollutants in waste discharges from manufacturing and processing 
plants were reported to pollute the estuarine ecosystems (Islam et al., 2002). Bilge water 
and crude oil slicks from mechanized boats, ships and fishing trawlers were also reported 
to cause damage to the mangrove vegetations (Lewis, 1983; Lee, 1980), destruction of 
aquatic lives and contamination of food chain through toxic buildup in aquatic lives 
(Hossain and Acharya, 1994).
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In addition to anthropogenic activities, the coastal region is increasingly being affected 
by natural calamities. Damages to lives, properties as well as economy are more frequent 
in recent times than in the past. Also, climate change related risks and uncertainties raise 
concerns regarding the healthy existence of the unique ecosystems as well as food 
security in the years to come. Thus, the overall situation is in full contrary to the 
definition of food security as "providing physical and economic access to balanced diets 
and safe drinking water to all people at all times" (Swaminathan, 1986).

The present study aims to identify the adverse impacts of major anthropogenic activities 
on the health and productivity of natural resources as well as livelihood systems to assess 
food security situation across the region. Moreover, the study will also highlight on 
climate change related risks and vulnerabilities which might put further limiting impacts 
on resources and environment in the region. Attempts will also be made to put guidelines 
and recommendation for mitigation strategies as well as sustainable management of the 
coastal region for the future.

OBJECTIVES

 Characterize major anthropogenic activities in the coastal region.
 Identify the impacts of anthropogenic activities on the health and productivity of 

natural resources in the region
 Determine the current status and future projections of production, availability and 

utilization of agricultural commodities, fodder, biomass fuel and drinking water
 Evaluation of the existing coping strategies of the local communities against the 

changes in resources and environment.
 Recommend guidelines for the sustainable management of the coastal region in 

relation to resource conservation and food security.
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CHAPTER 1

METHODOLOGY

1.1 Study Area

The study was conducted in Shyamnagar (Fig. 1.1), Paikgacha (Fig. 1.2), Rampal (Fig. 
1.3) and Chakaria (Fig. 1.4) Upazilas under Satkhira, Khulna, Bagerhat and Cox’s Bazaar 
district, respectively, in the downstream coastal region of Bangladesh. In each Upazila,
three Unions were selected as sampling units for the study.

1.2 Tools Used to Conduct the Study

1.2.1 Participatory Rural Appraisal (PRA)

PRA exercises were conducted to get first hand information on the nature and extent of 
the problems arising out of different human activities as well as vulnerabilities activities. 
PRA tools included: Situation analysis, Seasonal Activity Chart, Labour Utilization, 
Problems and Prospects of Livelihood, etc (Photo 1.1).

The principal limitation of the tool was that it could not represent the whole range of 
problems as well as prospects. It also did not represent the whole community. Again, 
dominance of a leader type person often influenced other participants. Results of the PRA 
could not be used for statistical analyses.

1.2.2 Survey

Household Survey: Questionnaire Survey was conducted through pre-tested structured 
questionnaire in each study location to assess the livelihood activities including 
production practices, income and expenditure, education and health care, sanitation, 
labour utilization and migration, and other related aspects of livelihood. 150 households 
from each study Upazila were selected according to land holding category for survey
(Photo 1.2). The land holding category was followed as:

Large Household: Land area above 2.0 ha

Medium Household: Land area between 1.1 to 2.0 ha

Small household: Land area between 0.51 to 1.0 ha

Marginal household: Land area between 0.21 to 0.5 ha

Landless household: Land area up to 0.2 ha

Pesticide dealer survey: Insecticide dealers and suppliers were surveyed through a semi-
structures questionnaire regarding the extent of use as well as trading of agro-chemicals 
in each Upazilas.

Brick fields: Brick fields operating in and around the study locations were surveyed by 
using a structured questionnaire to assess the production process, inputs and fuels used.
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Questionnaire survey involved several problems. Firstly, questionnaire survey was a time 
consuming method. Person interviewed often lost their patience. The respondents did not
keep records of their activities, so the researcher had to depend on the memory of the 
respondents. Most of the beneficiaries were illiterate or had have primary level of 
education. So they were suspicious about the research. Moreover, when they were asked 
some questions like degree or magnitude of any specific matter or issue, may be 
answered only what they knew to thought. The study was confined to only four upazilas. 

1.2.3 Focal Group Discussion (FGD)

FGDs were conducted in all the locations with different livelihood groups throughout the 
field study period to assess the problems and prospects of their livelihood activities 
(Photo 1.3). Statistics of FGD are presented in Table I. Besides, discussion meetings with 
old and eminent persons (Photo 1.4) as well as open discussion meetings (Photo 1.5) in 
all the study areas were also conducted to make time interval comparisons. The mode of 
operation in each FGD was that, participant6s were allowed to discuss as well debate 
among themselves. But finally they had to reach consensus by themselves. The aim of the 
researchers was like a moderator

The main limitation of FGD was that, dominance of a leader type person often influenced 
other participants. Again, respondents often communicated to each other while answering 
the questions. Moreover, the information provided by the key participants might be their 
own, but not of the whole community.

1.2.4 Case study

Case studies were conducted on firstly on degradation of natural water bodies e.g. rivers 
and canals. Secondly, case studies were done on the prospects, problems as well as 
changes in livelihood (Photo 1.9). Also case study was done on the livelihood of Munda 
ethnic minorities in Shyamnagar.

The major advantage of case study was that, it helps to study a problem and gives 
solutions concretely in real life context. It was also useful to provide new insights, helps 
modify pre-existing belies and/or ideas, and points out gaps in knowledge. However, the 
major limitation was that case study focuses directly to a single case or a limited number 
of cases. It might also be influenced by personal bias.

1.2.5 Monitoring

Household monitoring

In each Upazila, 60 households other than survey population were monitored to obtain 
specific information on the following aspects

(a) Homestead production systems

(b) Biomass fuel crisis

(c) Drinking water
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(d) Health and sanitation

(e) Food security and diversity

(f) Vulnerability issues

(g) Household food consumption

Enterprise Monitoring

The following enterprises were monitored at regular interval to obtain information on the 
following parameters:

Rice: Production practices, input use, plant protection measures, yield.

Shrimp farms: Production practices, input use, protection measures, yield.

Livestock and Poultry Resources: Number, productivity, management practices, 
returns.

Fish resources: Open water fish resources at fish landing sites.

Homestead Plantation: Area, number, diversity, productivity.

Salt production farms: Production practices, inputs used, cost and returns, etc.

Fish processing plant: Processing activities, inputs used, waste management, labour 
utilization, etc.

Local markets and bazaars: Trading of major agricultural and related commodities in 
the local markets and bazaars (Photo 1.7; 1.8). 

Questionnaires and schedules used for survey and monitoring are attached as Appendices
(Appendix-1 to 15).

1.3 Secondary Information

Secondary information and data were collected from Space Research and Remote 
Sensing Organization (SPARRSO), Forest Department (FD), Department of Agriculture 
Extension (DAE), Department of Fisheries (DoF), Department of Livestock Services 
(DLS), Bangladesh Water Development Board (BWDB), Bangladesh Agricultural 
Research Council (BARC), Soil Resources Development Institute (SRDI), International 
Union for Conservation of Nature (IUCN), Bangladesh Meteorological Department
(BMD). Among the NGOs, information was collected from Bangladesh Resource Center 
on Indigenous Knowledge (BARCIK), Coastal Environment Conservation Center 
(CECC), Shushilon, Uttaran and others. Secondary information including citations, data 
as well as tables, pictures and graphs were also collected from different study reports 
published in recent years with acknowledgement.
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1.4 Collection and analyses of soil and water samples

Soil and water samples were collected from different locations in each study area (Photo 
1.10). The collected samples were analyzed to assess organic matter content, pH and 
salinity (EC). 

1.5 Feedback and Validation

Collected data and facts were validated through review workshops held at local levels in 
the study Upazilas (Photo 1.6). Fields visits were also done after completion of the 
project to fulfill the comments of the members of the Technical Advisory Committee 
(TAT) as well as final check on collected data

1.6 Data analysis

Statistical analyses were done to analyze data obtained from survey, monitoring and 
secondary information. Cobb-Douglas production function was used to determine the factors 
affecting productivity of rice. Mathematical analyses were used to determine the species diversity, 
relative prevalence of species and benefit cost ratio of different enterprises. 

Cobb-Douglas Production Function:

The Cobb-Douglas from of production function was used for analyzing factor affecting T. 
Aman rice productivity in the study area. The specification of the Cobb-Douglas 
production function model was as follows: 

Y =a Xibi Ui

By taking log on both sides the Cobb-Douglas production function was transformed into 
the following logarithmic form because it could be solved by the ordinary least squares 
(OLS) method. 

In Y = Ina + b1InX1 + b2InX2 + b3InX3 + b4InX4 + b5InX5+ b6InX6

+b7InX7+b8InX8 + Di + Ui 

Where,

Y = Total return (Tk/ha)
X1 = Human labour (man days/ha)
X2 = Seed (kg/ha)
X3 = Power tiller cost (Tk/ha)
X4 = Urea (kg/ha)
X5 = TSP (kg/ha)
X6 = MOP (kg/ha)
X7 = Manure (t/ha)
X8 = Pesticide cost (Tk/ha)
D = Dummy variable for salinity of land, D = 1 for less salinity area and 0 

otherwise
a= Constant/intercept 
b1, b2, ………….., b8 = Coefficients of respective variables 
Ui = Error term

In = Natural logarithm 
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Shannon-Wiener Species Diversity Index

To measure the abundance and diversity of different plant species, Shannon-Wiener 
Species Diversity Index (H) shown below will be used.  

H = - (Pi InPi) 

Where Pi is the proportional abundance of ith species such that

Pi = n/N (n is the number of the individuals in ith species and N is the total number of the 
individuals of all species in the community).

Relative prevalence of species: To indicate the importance and species richness of 
different plant species in study areas, relative prevalence (RP) of species in per unit area 
will be calculated as follows:

RP = ni/A * fi/F

Where, 

ni = Number of specimen of species i on location/garden,

A = Area of location/garden,

fi = Number of locations/gardens on which i is found,

F = Total number of locations/garden.

Benefit Cost Ratio (BCR): BCR was determined by using the following formula

BCR = Gross Return / Total cost

Household food insecurity measurement: Measured by using Household Food 
Insecurity Access Scale (HFIAS) developed by Coates et al. (2007).

Measurement of Electrical Conductivity (EC)

Soil: Electrical conductivity of the soil samples were determined by Electrical 
Conductivity Meter (Model: Lutron CD-4301)

Water: Electrical conductivity of water samples was measured by EC Meter (HANNA 
Instrument, Model: HI-98129)

Measurement of Organic Matter Content: Organic carbon was measured using wet 
combustion method as determined by Piper (1942). Organic matter was calculated from 
the following formulae (Ranney, 1969):

% organic matter = 0.35 + 1.80 x % organic carbon
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Table 1. Statistics of discussion meetings in the study Upazilas

Location Meeting Focal Group Participants 
(No.)

Shyamnagar
Buri Goalini FGD Fishermen 14

FGD Shrimp Fry collector 22
FGD Forest resources collector 15
FGD Shrimp farmers 14
FGD Organic Shrimp farmers 16

Atulia FGD Wage labourer 17
FGD Shrimp Trader (Wholesale) 12

Sadar FGD Rice farmers 14
Sadar Open discussion All sections of people 70-80
Sadar Review Workshop All sections of stakeholders 100

Paikgacha
Godaipur FGD Rice farmers 18
Laskar FGD Shrimp farmers 13
Kopilmuni FGD Old persons 14

FGD Rice farmers 12
FGD Wage labourers 16

Sadar FGD Fish traders 17
Open discussion All sections of people 80-90

Sadar Review Workshop All sections of stakeholders 100
Chakaria

Dulahazra FGD Wage Labourer 23
Dulahazra FGD Rice farmers 10
Badarkhali FGD Fishermen 15

FGD Salter producer 10
Sadar FGD Wage labourers 18
Paschim Baraveula FGD Shrimp fry collector 12

FGD Fish traders at Fish Landing 
Site

19

Sadar Open discussion All sections of people 100
Sadar Review Workshop All sections of stakeholders 100

Rampal
Perikhali FGD Shrimp farmers 16

FGD Fishermen 13
Sadar FGD Wage labourers 20

FGD Fish and shrimp traders at fish 
wholesale market

11

Ujalkur FGD Rice farmers 14
Sadar Open discussion All sections of people 75-80
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Fig. 1.1. Map of Shyamnagar Upazila Fig. 1.2. Map of Paikgacha Upazila 

Fig. 1.3. Map of Rampal Upazila Fig. 1.4. Map of Chakaria Upazila 



10

   

   

   

Photo 1.1 Matrix ranking in a PRA 
session

Photo 1.2 Household survey by using 
structured questionnaire

Photo 1.3 Focal group discussion (FGD) Photo 1.4 Discussion with old and 
eminent persons

Photo 1.5 Spontaneous gathering in 
Rampal to convey their complains

Photo 1.6 Review workshop at local 
level to validate data and facts
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Photo 1.7 Discussion with rice traders in (a) Paikgacha; and (b) Chakaria.

   

Photo 1.8 Discussion with (a) shrimp fry wholesalers in Rampal; (b) fish traders in 
Paikgacha.

   

Photo 1.9 Personal interview with a (a) shrimp farmers in Paikgacha; (b) Van puller in 
Rampal.

a

a

b

b
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Photo 1.10 Collection of soil samples for laboratory analyses.
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CHAPTER 2

COASTAL REGION OF BANGLADESH

2.1 Basic Features of the Coastal Region

Bangladesh, being a flood plain delta, is sloping gently from the north to the south, 
meeting the Bay of Bengal at the southern end. In between the vast land area numerous 
numbers of rivers, their tributaries and canals crisscrossed the whole landscape, 
particularly in the coastal region. The whole coast runs parallel to the Bay of Bengal, 
forming 710 km long coastline. The coastal zone covers 47,201 square kilometer land 
area, which is 32 percent of total landmass of the country (Islam, 2004). Water area 
covers 370.4 km (200 nautical miles) from the coastline, estuaries and the internal river 
water. 19 districts out of 64 are in the coastal zone covering a total of 147 Upazilas of the 
country. Out of these 19 districts, 12 districts meet the sea or lower estuary directly. The 
zone is divided into exposed and interior coast according to the position of land. The 
upazilas that face the coast or river estuary are treated as exposed coastal zone (Fig. 2.1). 
48 upazilas in 12 downstream districts that fall on exposed coastal zone. Remaining 99 
upazilas in 7 districts located behind the exposed coast are called interior coast. 

Fig. 2.1 Coastal Region of Bangladesh (Source: CZPo, 2005).
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2.2 People and livelihood

Total population living in the coastal zone is 35.1 million that represent 28 percent of 
total population of the country (Islam, 2004). Average population density of the zone is 
743/km2, and the figure for Bangladesh average is 839. Population density in interior 
coast is much higher than that of exterior coast and the country average. There are about 
6.8 million households in the zone of which 52% are absolute poor (Islam, 2004).

Fishing, agriculture, shrimp farming, salt farming and tourism are the main economic 
activities in the coastal area. The Sundarbans is a major source of subsistence for almost 
10 million people. Main activities in the Sundarbans area are fisheries, wood collection 
and honey collection. Almost ten thousand households in the area have neither homestead 
land nor cultivable land. On the other hand, more than a million households in the area 
have only homestead but no cultivable land (Islam, 2004).

2.3 Salient Features of the Study Areas

Among the four study Upazilas Shyamnagar (Satkhira) and Chakaria (Cox’s Bazar) fall 
under exposed coastal zone, while Paikgacha (Khulna) and Rampal (Bagerhat) within the 
interior coast.

2.3.1. Shyamnagar Upazila: Shyamnagar, under Satkhira district, is bounded by 
Kaligonj and Ashasuni upazilas on the north, Sundarbans and Bay of Bengal on the south, 
Koira and Ashasuni upazilas on the east, West Bengal of India on the west. Main rivers 
are Raymangal, Kalindi, Kabodak, Mother Kholpetua, Arpangashia, Malancha,
Hariabhanga and Chuna.

2.3.2 Paikgacha Upazila: Paikgacha, under Khulna district, is bounded by Tala and 
Dumuria Upazilas on the north, Koira upazila on the south, Batiaghata and Dacope 
upazilas on the east, Tala and Ashasuni upazilas on the west. Main rivers are Kabodak, 
Shibsa, Vadra. The Haria, Deluchi, Harrakhali, Narai, Gangkhali, Katakhali and Karulia 
are small rivers. 

2.3.3 Rampal Upazila: Rampal, under Bagerhat district, is bounded by Bagerhat Sadar 
and Fakirhat upazilas on the north, Mongla and Morrelganj Upazilas on the south, 
Morrelganj and Bagerhat Sadar upazilas on the east, Batiaghata and Dacope Upazilas on 
the west. Main rivers are Mongla, Rupsa, Khashikhali and Daudkhali.

2.3.4 Chakaria Upazila: Chakaria, under Cox’s Bazar district, is bounded by Lohagara,
Banshkhali, and Lama Upazilas on the north, Cox’s Bazar Sadar, and Ramu Upazilas on 
the south, Lama and Naikhongchari Upazilas on the east, Maheshkhali and Kutubdia 
upazila on the west. The upazila is surrounded by the Matamuhuri, Bara Matamuhuri, 
Maheshkhali and Kutubdia Channel.
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2.4 Land Use Pattern

Table 2.1 present land use pattern of Shyamnagar, Paikgacha, Rampal and Chakaria 
upazilas. Shyamnagar covers the highest land areas compared to other upazilas. Only 
Shyamnagar and Chakaria have reserved forests land while permanent orchard is higher 
in Paikgacha and Rampal. Among the upazilas, Shyamnagar alone contains a big land 
area under Sundarbans reserved forest (over 153000 ha), while in Chakaria the reserved 
forest is only around 13700 ha. Shyamnagar and Rampal has mostly single cropped land 
while Paikgacha and Chakaria have mostly double cropped area. As a result, cropping 
intensity is also high in Paikgacha (182%) and Chakaria (238%). Brackish water shrimp 
farming is a dominant land use in all the four upazilas. The trend is similar for the 
respective districts also. The average size of shrimp farm is much higher (10.89 ha) in 
Chakaria in the southeast. In the southwest region, the average size is higher in Paikgacha 
with 4.5 ha, while the respective figures for Shyamnagar and Rampal are 3.37 and 3.06 
ha. 

Table 2.1. Land use pattern of the study Upazilas in 2008
Parameter Statistics

Shyamnagar Paikgacha Rampal Chakaria
A. Land use 
Total area  (km2) 1968.24 383.87 276.45 503.78
Town area (km2) 10.76 2.52 0.92 15.77
Total land area (ha) 196824 38387 27645 50378
Municipality 1 1 1 1
Unions 12 10 10 18
Village 216 212 149 340
Settlement & infrastructure (ha) 4142 5227 4400 13162
Reserved forest 153612 - - 13700
Permanent fruit orchard 400 2370 1600 708
Water bodies 100 2450 465 385
Bagda shrimp farms (No.) 4355 3736 4865 1137
Bagda shrimp farms (ha) 14669 16800 14881 12379
Average farm size (ha) 3.37 4.50 3.06 10.89
Galda Shrimp farm (No.) 25 166 1225 -
Galda Shrimp farm (ha) 15 51 1212 -
Salt bed (ha) - - - 8532
Total cultivable land 38570 28340 19700 22423
Current fallow land 895 394 600 350
Permanent fallow land 14460 3430 495 150
Net cropped area 24110 24910 19205 22273
Single cropped area 20210 6123 18275 670
Double cropped area 3000 17199 860 12500
Triple cropped area 900 1588 70 9103
Total cropped area 28910 45285 20205 52979
Cropping intensity (%) 120 182 105 238
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2.5 Demography

Demographic profile of the study upazilas are presented in Table 2.2. Population growth 
rate was considered as 1.59% per annum. Household growth rate was around 12% in the 
study Upazilas during 2001-2008. However, population density was the highest in 
Chakaria being followed by Shyamnagar and the least was in Rampal upazila.

Table 2.2. Demographic profile of the study Upazilas

Parameter Upazila
Shyamnagar Paikgacha Rampal Chakaria

Population in 2001 313781 248112 178503 336198
Population density in 2001 726 646 646 667
Household size 5.27 4.79 4.71 5.96
Household No. in 2001 59885 51757 37873 56390
Population growth rate 1.6 2.5 1.40 2.30
Population (2008)* 350657 294927 196748 378648
Population density (2008)* 811.48 768.30 711.69 751.61
Household No. (2008)* 66538 61571 41772 63532
Agricultural household (2008)** 60990 40785 20520 59838
Non-agricultural household (2008)** 5503 15200 15055 10761
Male (%) 50.49 51.46 50.83 51.48
Female (%) 49.51 48.86 49.17 48.52
Literacy rate 52.84 44.14 45.5 32.0
Pop. density (2008) 728 643 584 781
* Estimated; ** Data source: DAE

2.6 Vulnerabilities of the Coastal Region

Among the factors acting behind vulnerabilities of the entire coastal region, the most
dominant one is human factor, i.e. human activities which accounts for 58% (Fig. 2.2). 
The second important one is natural disaster which is obvious due to the geo-physical 
location of the region. However, poor governance as well as other factors are also
responsible for the overall vulnerability of the region as well.

Fig. 2.2. Factors contributing to vulnerabilities in the coastal region of Bangladesh (BBS, 
1999).

Goverence
10%

Others
3%

Human factor
58%

Natural disaster
29%
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Several studies indicate that the coastal zone vulnerability would be acute due to the 
combined effects of climate change, sea level rise, subsidence, and changes of upstream 
river discharge, cyclone and coastal embankments (World Bank, 2000). Four key types of 
primary physical effects i.e. saline water intrusion; drainage congestion; extreme events; 
and changes in coastal morphology have been identified as key vulnerabilities in the 
coastal area of Bangladesh (World Bank, 2000).

Recent studies on coastal area vulnerability and livelihood relationship revealed that 
physical or natural vulnerabilities are strong in regard to small farmer's livelihoods all 
over the coastal zone. Particularly cyclone/tidal bore, water logging/ drainage congestion, 
various types of flooding, sand deposition and soil salinity became the major physical 
hindrance to farming and production. These are also found as the major causes of sudden 
crop damage to small farmers. Seasonal attack in crops by insects-pests was another 
important vulnerability which led to massive crop damage in many districts as well as in 
the study areas.  

2.6.1 Climatic Vulnerabilities

Besides anthropogenic causes, the coastal region is increasingly being vulnerable to 
extreme climatic events as well as climate change induced risks and uncertainties. Again, 
climatic risks and vulnerabilities are also believed to be the outcomes of human activities 
at regional as well as global levels. Salient climatic features of the coastal region have 
been highlighted below.

2.6.1.1 Rainfall

Annual rainfall data from 1948 to 2008 for the districts under study has been shown in 
Fig. 2.3. Data indicated that a slow but gradual incline in rainfall in all these districts with 
the progress of time. Data also indicated that both dry season rainfall (Fig. 2.4) and 
monsoon season rainfall (Fig. 2.5) have been increasing over time. The implications of 
increase in dry season, although better from summer crops, however, might increase the 
chance of flash floods. Again, increase in monsoon season rainfall is likely to increase the 
occurrence and magnitude of monsoon flooding. Consequence of both is the increase in 
damages to crops and lives.



18

R(CB)
2 = 0.0211R(KH)

2 = 0.1009 R(SK)
2 = 0.053

0

1000

2000

3000

4000

5000

6000

19
48

19
51

19
54

19
57

19
60

19
63

19
66

19
69

19
72

19
75

19
78

19
81

19
84

19
87

19
90

19
93

19
96

19
99

20
02

20
05

20
08

R
ai

nf
al

l (
m

m
)

Khulna Satkhira Cox's Bazar

Fig. 2.3 Trends in annual rainfall in the study region since 1948 (Source: BMD).
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Fig. 2.4. Trends in dry season rainfall in the study region since 1948 (Source: BMD).
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Fig. 2.5 Trends in monsoon rainfall in the study region since 1948 (Source: BMD).
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2.6.1.2 Temperature

Average temperature data during 1948-2008 shows that in recent years there were 
gradual increases in average temperature over time in all the four study districts years
(Fig. 2.6). Even the rate of incline seems higher in recent years compared to intial data 
periods.
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Fig. 2.6 Monthly average temperatures in the study region during 1948-2008 (Source: 
BMD).

Again, long term trend also indicated a gradual incline in monthly average maximum 
temperature (Fig. 2.7). On the other hand minimum temperatures has been found to 
decline gradually over time (Fig. 2.8) indicating a widening gap between maximum and 
minimum temperatures in the region. Among the four districts, monthly variations in 
temperature indicated that maximum temperature was in a higher range in the districts in 
SW region compared to Cox’s Bazar (Fig. 2.9. It might be due to that Cox’s Bazar is 
closely adjacent to the Bay of Bengal, whereas the other three districts are somewhat far 
from the seashore. So, there might be higher cooling effects of the sea in Cox’s Bazar  
compared to other districts. Again, lesser vegetation cover in the southwest region 
accompanied with vast areas under shrimp ponds might be the reason behind higher 
temperature levels in this region compared to Cox’s Bazar region. 

Again, districts in the SW region have been experiencing lower range of minimum 
temperatures compared to Cox’s Bazar region (Fig. 2.10). From the figures it was evident 
that temperature fluctuations have been widening across the region. Reports are available 
on the appearances of health effects such as hypertension and asthmatic problems due to 
temperature fluctuations (Kalkstein and Valimont, 1987; Hussain and Hays, 1993).
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Fig. 2.7. Trends in maximum temperature in the study region since 1948 (Source: BMD).
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Fig. 2.8. Trends in minimum temperature in the study region since 1948 (Source: BMD).
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2.6.1.3 Cyclonic storms and tidal surges

Cyclonic storm is a regular phenomenon in the coastal region of Bangladesh since time 
immemorial due to its favourable geo-physical location (Fig. 2.11). Most of the cyclones 
occur during the pre-monsoon (April/May/early June) and Post–monsoon (late 
September/October/November) period. During the period 1877 to 1978 a total of 1050 
depressions formed in the Bay of Bengal of which 254 turned into cyclones and 158 into 
severe cyclones. Since 1970, ten major cyclones have struck this country and caused 
huge damage (Fig. 2.12). Around 500,000 and 138,000 lives were lost due to the 
devastating cyclones of 1970 and 1991 respectively. More than 8,000 square kilometers 
of Bangladesh coastal areas covering 44 Upazilas (235 Unions) are considered as High 
Risk Zones, where there could be loss of lives and resource due to storm surge inundation. 
Available data indicate that frequencies as well as magnitude of cyclonic storms are 
increasing in recent years (Fig. 2.12). Under the present trends of climate change related 
scenarios it is anticipated that cyclonic occurrences would continue to increase in the 
years to come. Strong tidal currents and storm generated swell in association with sea 
level rise under climate change may cause coastal erosion, increased inundation and 
flooding (Islam, 2006). Already a huge land of 86366 ha has been eroded during 1973-
2000 in the coastal region (MES, 2001). Cyclonic hazards and increase in monsoon 
precipitation have been causing severe damages to coastal embankments as well as water-
logging within the embankments. Obviously there will be added burden to the resources 
and livelihood of the coastal communities.

The polder areas are highly vulnerable to storm surges. As a matter of fact, coastal 
embankments were raised only to protect from saline water intrusion, were not able to 
protect from storm generated tidal surges. The embankments are made of mud and are 
easily washed away by medium to high strength tidal surges during cyclonic storms 
(Photo 2.1).

Fig. 2.9 Monthly variations in maximum. 
temperature in the study region.

Fig. 2.10 Monthly variations in minimum 
temperature in the study region.
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Fig. 2.11 Major cyclonic storm tracks through the coastal region of Bangladesh up to 
2009 (Modified from Banglapedia, 2008).

  
Photo 2.1 Coastal embankment washed away by Cyclone ‘Aila’ in (a) Gabura Union, (b) 
Buri Goalini Union in Shyamnagar.

SIDR, 2007AILA, 2009

a b
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Fig. 2.12. Decade wise occurrence of cyclonic storms in the coastal region of Bangladesh 
from 1901 to 2009 (Modified after CRED, 2008).

2.6.1.4 Sea level rise

The most important and widely discussed issue now a days is sea level rise. Many studies 
have been conducted regarding the magnitude of sea level rise and its potential impacts 
on Bangladesh. However, estimates provided in Table 2.3 indicated that by the year 2030 
sea level will increase by at least 14 cm which will inundate around 8% of the low lying 
coastal areas of Bangladesh. By the year 2050 the corresponding figures are likely to be 
32 cm and 10%, respectively. Among the areas Khulna, Barisal and Patuakhali regions 
are expected to be affected most.

Table 2.3 Future sea level rise scenarios for Bangladesh coastal region

Year Sea level (cm) % of area inundation
2030 14 8
2050 32 10
2100 88 16

(Source: WARPO. 2006)

2.6.1.5 Impacts of sea level rise on the coastal region

Potential impacts of SLR, (Agarwala et al., 2003 as summarized in WB, 2000) would 
include:  changes in water levels and induced inundations and water logging;  increased 
salinity in ground and surface water, and corresponding impacts on soil salinity;  
increased coastal morphological dynamics (erosion and accretion); and increased 
incidence of natural hazards. Adding to the vulnerabilities principally caused by human 
activities, climate change induced events will have severe implications on agriculture 
production and livelihood of people thus affecting food security of the coastal region.
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Salinity Intrusion

Increase in sea level, besides losing land mass, will shift the confluence of saline and 
fresh water zones further inland (Fig. 2.13). Sea level rise coupled with increased salinity 
is likely to decrease aus and aman cropping areas as well as suitability and productivity 
of agricultural lands. Salinity intrusion due to sea level rise will decrease agricultural 
production by unavailability of fresh water and soil degradation (Sarwar, 2005). Hassan 
and Shah (2009) predicted a loss of paddy production from 236 kg/cap/yr in 2005 to 96 
kg/cap/yr in 2050 indicating around 60% loss in Khulna, Bagerhat and Satkhira districts 
under SLR scenarios of which Bagerhat will be affected most. 

Fig. 2.13 Salinity ingress in the coastal region of Bangladesh under different SLR 
scenarios (Source: CEGIS, 2006).

Changes in the surface water salinity pattern due to 30 cm rise of sea level predicted that 
the present dry season saline front (2 dS/m) is expected to move 30 km to 50 km North, 
affecting most of Khulna, Jessore, Barisal, Patuakhali and Noakhali (greater) districts and 
parts of Faridpur and Comilla districts (UNDP, 2007). With 1 m rise of sea level, the 
saline water front will move far North on the Northeastern side of Bangladesh.  Most of 
Jessore, Faridpur, Comilla and part of Dhaka (greater) districts will be affected by saline 
surface water intrusion. Most of Barisal, Patuakhali, Sundarbans, Bhola, Hatia and 
Swandip will be directly inundated by saline water or will have serious saline 
waterlogging problem.  Salt water intrusion along the Meghna river valley may reach up 
to Mymensingh and Sylhet districts. The surface water salinity of Karnaphuli and 
Matamuhuri rivers in Chittagong region may also be affected. Drinking water supply of 
major cities like Chittagong and Khulna will be affected by salinity. On the Western side 
of Bangladesh, the saline water front will move close to Kushtia and Pabna districts.
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Flood

Around 50% of the coastal lands in Bangladesh face different degrees of inundation, thus 
limiting their effective uses. Sea level rise and increased precipitation due to climate 
change poses increased flooding in the coastal area, particularly in Satkhira which lies in 
the downstream coastal area and characterized by tidal and monsoon flooding.  Results of 
a recent study (CCC, 2009) showed that about 61% of Satkhira district is inundated in an
average flood. It also found that most of its upazilas except Ashasuni (23%) and Kalaroa 
(19%) were inundated above 60% during peak flood in 2005 where Shyamnagar was 
inundated by 66.49% of its total area.

F0 and F1 land decreases in every district, and eventually availability of land for T. 
Aman in Kharif-II season would be decreased gradually due to climate change (Table 
2.4). In contrast, F3 and F4 land increases considerably in all districts. The decrease of F0 
land is quite large in the Jamuna and Ganges basin, which is in the range of 43 to 44%.  
The coastal districts also show similar decrease of F0 land. The decrease of F0 land is 
about 43% and in case of F1 the decrease is comparatively less. 

Table 2.4 Impact of SLR on land type in three selected coastal districts
District Area Inundation Land type (km2)

F0 F1 F2 F3 F4
Satkhira 3858.33 2005 35.91 121.5 392.31 1844.37 0.09

2040 27.72 127.70 216.00 2063.97 0.81
% Change -22.81 5.93 -44.94 11.91 Significant

Barisal 2790.51 2005 117.63 975.33 749.43 78.12 0
2040 66.24 658.80 1161.81 126.18 0

% Change -43.69 -32.45 55.03 61.58 0
Faridpur 2072.72 2005 32.04 156.6 289.8 186.57 10.35

2040 33.66 163.71 308.79 240.66 10.35
% Change 5.06 4.54 6.55 28.99 0

Legend: F0: Highland (>30cm flooding); F1: Medium-High(30-90cm flooding); F2: Medium-Low 
(90-180cm flooding); F3: Lowland (>180cm flooding); F4: Low to Very Low (>180cm flooding)
Source: CCC (2009).

Bangladesh has also become more flood-prone than it was in the pre-Farakka-era. 
Withdrawal of water at upstream has been causing more and more siltation in the Ganges 
and its distributaries in the SW. Continuing siltation also reduced the carrying capacity of 
these rivers, causing flooding recurrently with increasing intensities. Dams are used as 
flood outlets during the flood season when the upstream country cannot withhold the
rising flood water, which aggravates the situation. Floods have hit unprecedented in the 
southwest, northwest, northern, eastern, and central parts of the country in the post-dam
era from time to time. Floods cause irreparable damage to crops, livestock, and humans. 
The flood of 2000 inundated areas in Rajshahi, Nawabganj, Kushtia, Satkhira, and Jessore 
(Abdullah, 2000).
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Agriculture and fisheries

Table 2.5 shows the suitability class for different agricultural enterprises. Data shows the 
tolerance range of salinity for T. Aman, Boro rice, pulses and two species of shrimp. The 
conflict exists between bagda shrimp and all other enterprises principally regarding 
salinity class. All the crops prefer zero-minimum salinity whereas bagda shrimp needs 
higher salinity for its growth.

Table 2.5 Criteria of suitability for land use type in the SW region
Land characteristics Unit Factor rating

S1 S2 S3 S4
A. T. Aman rice
Depth of inundation cm <30 30-90 90-180 >180
Soil salinity dS/m <2 2-4 4-8 >8
B. Boro rice
Depth of inundation cm 30-180 <30 & >180-300 - >300
Salts in irrigation water ppt <1.0 1.0-1.5 1.5-2.5 >2.5
Soil salinity dS/m <2 2-4 4-8 >8
C. Pulses
Depth of inundation cm 0-90 90-180 180-300 >300
Soil salinity dS/m <2 2-4 - >4
E. Golda shrimp
Inundation depth 90-180 30-90 0-30, >180 perennial water
Surface water salinity ppt <5 5-7 7-12 >12
D. Bagda shrimp
Inundation depth 90-180 30-90 >180 <30, >180 
Surface water salinity ppt 15-25 10-15 5-10 0-5
Legend: S1= Highly suitable; S2= Suitable; S3= Moderately suitable; S4= Not suitable
Source: Hassan and Shah (2009).

Table 2.5 as cited by Hassan and Shah (2009) indicates the T. Aman suitability area 
under different SLR scenarios. In the base condition, the suitable area was about 84% and 
it is reduced to only 12% under 88cm SLR scenario. Consequently, ‘not suitable’ areas 
are increased gradually with the increase of sea level. It suggests that production of T. 
Aman will be reduced significantly due to SLR. It can be noted that that there was no 
‘highly suitable’ area for this crop in the region. In case of Boro rice ‘not suitable’ area 
will be increased from 11% (base condition) to 61% under 88 cm SLR. But the 
‘moderately suitable’ area will not decrease significantly. Data further indicated that 
‘suitable area’ for pulses will be reduced to 8% at 88 cm SLR from 14% under base 
condition. However, ‘moderately suitable’ area will not decrease significantly.

The study found that the ‘suitable’ area for bagda will increase up to 37% with 32 cm 
SLR, but it will reduce from 32 cm to 88 cm SLR due to increase of flood depth and 
salinity (Table 2.6). In case of Golda shrimp area data showed that the ‘not suitable’ area 
will increase from 30% to 57% from base condition to 88 cm SLR. In contrary, the 
‘suitable’ and ‘moderately suitable’ area will reduce significantly under all cases of SLR.
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Table 2.6  Suitability (% of area) for different crops under SLR scenarios
Scenario % Area

S1 S2 S3 S4
A. T. Aman rice
Base 0 84 14 2
32 cm SLR 0 60 24 16
88 cm SLR 0 12 57 31
B. Boro rice
Base 10 36 43 11
32 cm SLR 0 6 37 57
88 cm SLR 0 6 33 61
C. Pulses
Base 3 14 37 47
32 cm SLR 2 9 35 54
88 cm SLR 1 8 27 64
D. Bagda shrimp
Base 0 25 35 40
32 cm SLR 1 37 42 20
88 cm SLR 9 29 29 33
E. Golda shrimp
Base 2 38 30 30
32 cm SLR 3 27 25 45
88 cm SLR 6 17 19 57
Legend: S1= Highly suitable; S2= Suitable; S3= Moderately suitable; S4= Not suitable
Source: Hassan and Shah (2009).

Sea level rise is also blamed to put threats on the existence of this unique mangrove forest. 
There is a growing fear that the destruction and/or degradation of the mangrove forest 
will not only affect the ecology but also cause severe adverse impact on the national 
economy by damaging to the marine resources of the Bay of Bengal. The loss of the 
Sundarbans would also expose the entire south-western region of the country to frequent 
cyclones and tidal surges. A predicted loss of mangrove forests in Bangladesh by 50-
79% by 2050 and 75-96% by 2100 has been cited by PDO-ICZMP (2005).
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CHAPTER 3

SOCIO-ECONOMIC CHARACTERISTICS OF HOUSEHOLDS IN 
STUDY AREAS

3.1 Demographic Profile of the Respondent Households

3.1.1 Age of the respondent

Based on age, the farmers were classified into three categories such as, young aged, 
middle aged and old aged categories. The distribution of respondents based on their age 
has been presented in Fig. 3.1. It was found that 26% farmers belonged to young age 
group (less than 35 years), 46% farmers fell within the middle age group (35 to 50 years)
and 28% farmers belonged to the old age group (above 50 years).

Fig. 3.1 Classification of the respondent according to age

3.1.2   Literacy level

On the basis of educational qualification, the educational status of the sample households 
has been categorized: i) Illiterate, ii) Primary level, iii) High school, iv) SSC level, iv) 
HSC level and v) Other. Table 3.1 and 3.2 presents literacy levels of adult male and 
female family member. Compared to male, more female members are illiterate (38.5%). 
Most of the family members (both male and female) belong to primary level education 
followed by secondary level education.

About 35% farmers were illiterate among all the sample farmers whereas the illiteracy 
rate was the highest (37%) in case of the small farmers followed by the medium farmers 
(33%) and large farmers (35%). It was found that 24% farmers have primary, 21% 
farmers having secondary and 10% farmers have higher secondary and degree (Fig. 2.2). 
On the other hand no small farmer found to have the education above higher secondary 
level.

26%

46%

28%
Young Aged (below 35
years)

Middle Aged (35 to 50
years)

Old Aged (above 50
years)
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Table 3.1 Literacy level of adult male member of respondent households

Paikgacha Shyamnagar Rampal Chakaria All
Illiterate 15.9 11.3 10.2 17.8 16.9
Primary (I to V) 26.5 26.0 25.1 35.8 28.4
VI to X (High school) 25.1 37.3 33.1 15.4 27.7
SSC 12.6 11.3 9.2 9.3 10.6
HSC 11.9 6.7 8.1 8.4 8.8
Other 2.0 7.4 14.3 13.3 9.3
All 100 100 100 100 100.0

Table 3.2 Literacy level of adult female member of respondent households
Paikgacha Shyamnagar Rampal Chakaria All

Illiterate 39.2 42.0 39.3 33.4 38.5
Primary (I to V) 29.9 33.3 34.2 31.2 32.2
VI to X (High school) 16.6 22.0 20.2 15.9 18.7
SSC 6.2 2.0 5.1 12.1 6.4
HSC 1.4 0.0 2 2.9 1.6
Other 67 0.7 0.2 4.5 18.1
All 100 100 100 100 100.0

3.1.3 Occupational status

Table 3.3 shows the occupational status of the male members of the respondent 
households. Most of the male members had single occupation and agriculture was the 
dominant profession, followed by business, shrimp farming and wage labour. Besides 
agriculture, some farmers are engaged in pretty business and others are employed in semi 
government or private service. Data shows that in all areas 30% male members of the 
respondent household are engaged in agriculture, 20% in shrimp farming and 18% in 
business.

Table 3.3 Occupation of male members of respondent household
Occupation Shyamnagar Paikgacha Rampal Chakaria All
Agriculture 32.0 22.8 30.1 34.9 30.0
Business 9.3 23.0 20.2 21 18.4
Agriculture + Business 0.0 0.7 8.2 2.1 2.8
Service 2.7 13.8 6.2 6.6 7.3
Shrimp farming 34.0 10.5 23.3 12.0 20.0
Wages 10.0 14.4 10 11.6 11.5
Other 7.3 14.8 2 10.9 8.8
Salt farming 0.0 0.0 0 0.9 0.2
All 100 100 100 100 100.0
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3.1.4 Family size and composition of the respondents

The size of family in this study has been defined as the number of persons living together 
under the control of one head and taking meal from the same kitchen. The term family 
includes wife, sons, unmarried daughters, father, mother, brothers etc. Table 3.4 present 
family size and composition of the respondents.

Table 3.4 Family size and composition of the respondents

Family composition Family size (no.)
Paikgacha Shyamnagar Rampal Chakaria All

Adult male (> 18 years) 1.7 2.0 1.5 2.2 1.8
Adult Female (> 18 years) 1.5 1.6 1.4 1.6 1.5
Teenage boy (>10 and <18 years) 0.4 0.4 0.2 0.6 0.4
Teenage girl (>10 and <18 years) 0.3 0.5 0.3 0.6 0.4
Male children (<10 years) 0.5 0.5 0.5 0.7 0.6
Female children (<10 years) 0.5 0.4 0.5 0.7 0.5
Total family member 4.9 5.4 4.3 6.4 5.2

The average family size of the respondent household was 5.2 which was less than that of 
the national average of (5.6) (BBS, 1997). The highest family size was found in Chakaria 
which was 6.4, above national average, rest of the selected upazila had family size less 
than national average (Table 2.4). Family members in the study area were classified into 
four groups: adult male (>18 years), adult female (>18 years), male (<16 years), female 
(<16 years).

3.2 Land Holding of the Respondent Households

Land holding of the respondent household by location and land category is presented in 
Table 3.5. Per household landholding is found to be highest in Cox’s Bazaar (712 
decimal) and lowest in Rampal (103 decimal). In all regions, shrimp farming appeared to 
be dominating land use pattern as evidenced by the fact that 22% of total land was 
allocated in sole shrimp, and 25% on shrimp + crop, 17% on pond fish and 20% on crop 
alone (Fig. 3.2). Allocation of land for salt production is found only in Chakoria.
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Table 3.5 Landholding of respondent households by location (in decimal)
Land category

Khulna
Cox’s 
Bazaar All 

regionPaikgacha Shyamnagar Rampal Chakaria
Homestead own 11.7 4 15.1 17.9 12.175
Crop land 
Own 23.6 15.4 3.1 13.7 14
Rented in 20 86.3 44.2 159.9 77.6
Rented out 9.4 0.7 25.5 15.5 12.8
Total cropland 34.2 101 21.8 158.1 78.8
Pond
Own 11.7 51.1 45.9 137.3 61.5
Rented in 7.3 6.4 5 6 6.2
Rented out 0.4 0.2 0.1 0 0.2
Total pond 18.6 57.3 50.8 143.3 67.5
Shrimp farm 
Own 22.5 166.2 25.3 166.7 95.2
Rented in 15.8 31 23.9 100.9 42.9
Rented out 6.7 135.2 1.4 65.8 52.3
Total Shrimp farm 31.6 62 47.8 201.8 85.8
Shrimp farm +crop land 
Own 15 125.3 44.7 214.4 99.9
Rented in 33.2 12.7 9.3 0.2 13.9
Rented out 26.4 1.7 25.4 0.9 13.6
Total Shrimp +Crop land 21.8 136.3 28.6 213.7 100.2
shrimp farm+ salt land
Own 1.1 1.1
Rented in 138.8 138.8
Rented out 61.6 61.6
Total Shrimp + salt land 78.3 78.3
Fallow land 1.2 1.2 0 172.6 43.7
Total land (decimal) 120.7 397 103.7 712.4 333.6
Source: Household survey.
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Fig. 3.2 Distribution of landholding of the respondent households by type of use.
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3.3 Livelihood activities

Ranking of various livelihood activities of the respondent households were presented in 
Table 3.6 Crop farming appeared to top ranked livelihood of the farmers of Rampal and 
Chakaria while brackish water shrimp farming was top order livelihood in Shyamnagar 
and Paikgacha. Livestock farming was third important livelihood in all upazilas.

Table 3.6 Ranking of livelihood activities through PRA
Livelihood Activity Rank

Shyamnagar Paikgacha Rampal Chakaria

Crop farming (Rice) II II I I

Brackish water shrimp farming I I II II

Galda shrimp farming VIII - V -

Poultry farming IV III IV VI

Livestock farming III III III III

Homestead plantation & Nursery - IV VI V

Open water fishing IV VII III VI

Vegetable farming VII VI V V

Crab cultivation VIII - VI VIII

Mushroom cultivation - - VI -

Cottage industry - - VII -

Shrimp business VI - - -

Wage labourer V VIII - -

Forest resource collection VI - VI VII

Salt production - - - IV

Source: PRA.

3.3.1 Labour utilization

Extent of labour utilization by various livelihood adaptations of the households of the 
study area is presented in Table 3.7. Considering labour utilization per season per 
household, it appeared that Cox’s Bazaar stood first (989 man-days/season/ household) 
followed by Rampal (810.6 man-days/season/ household) and Shyamnagar (675.7 man-
days/season/ household). In Coxes Bazaar top most labour utilization was from service 
(95.1 man-days/season/household), followed by crop (81.1 man-days/season/ household), 
shrimp farming (79.4 man-days/season/ household), business (64.4 man-days/season/
household) and wage labour (56.1 man-days/season/ household). Looking into the 
individual selected upazilas it revealed that crop farming, shrimp farming, livestock 
management and wage labour were prominent livelihood adaptations in each of the four 
upazilas. The contribution of different livelihood adaptations in household employment 
generation is illustrated in Fig. 2.6. It was found that shrimp farming utilized highest 
labour (17%) followed by service (16%), crop (15%), livestock management (11%).
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Table 3.7 Household livelihood adaptations and labor utilization (man-day/season/HH)
Employment category Khulna Cox’s 

Bazaar
All

Shyamnagar Paikgacha Rampal All Chakaria
Crop farming 43.9 40.3 40.3 41.50 81.1 61
Pond fisheries management 2.1 82.7 28.4 37.73 3.0 20
Livestock management 45.6 28.4 82.7 52.23 43.8 48
Shrimp farming 124.1 4.8 38.8 55.90 79.4 68
Homestead plantation 34.9 38.8 65.5 46.40 - 23
Open water fishing - - 4.8 1.60 20.1 11
Forest resource Collection - - 3.1 1.03 0.3 1
Fruit marketing - - - 0.00 51.5 26
Business 17.3 3.1 47.1 22.50 64.4 43
Service 16.5 65.5 35.8 39.27 95.1 67
Wage labor 53.4 45.4 45.4 48.07 56.1 52
Total 675.7 344.8 810.6 610.36 989.6 799

Source: Field survey.

3.3.2 Seasonal activities of the study areas

Table 3.8, 3.9, 3.10 and 3.11 presents seasonal activities of Shyamnagar, Paikgacha and 
Chakaria upazilas.  Seasonal activities for Boro rice prolonged December to April and 
that for Aman rice from July to December. Bagda shrimp activity stars from January and 
continued up to November. Livestock and poultry rearing open water fishing, and forest 
resource collection activities are continued throughout the year. Seasonal activity chart 
revealed land use conflicts between shrimp farming and aman and Boro rice production 
in all the study areas.

Table 3.8 Seasonal activity of households in Shyamnagar
Activity Jan Feb MarApr MayJun Jul Aug Sep Oct Nov Dec

Boro rice cultivation
Aman rice cultivation

Bagda Shrimp farming
Summer vegetable cultivation

Winter vegetable cultivation
Livestock farming/rearing
Poultry farming/rearing

Open water fishing
Forest resource collection

Source: PRA.
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Table 3.9 Seasonal activity of households in Paikgacha
Activity Jan Feb MarApr MayJun Jul Aug Sep Oct Nov Dec
Boro rice cultivation
Aman rice cultivation
Bagda Shrimp farming
Summer vegetable cultivation
Winter vegetable cultivation
Livestock farming/rearing
Poultry farming
Poultry and duck rearing
Open water fishing
Source: PRA.

Table 3.10 Seasonal activity of households in Rampal
Activity Jan Feb MarApr MayJun Jul Aug Sep Oct Nov Dec
Boro rice cultivation
Aman rice cultivation
Bagda Shrimp farming
Galda shrimp farming
Summer vegetable cultivation
Winter vegetable cultivation
Livestock farming/rearing
Poultry farming
Poultry and duck rearing
Open water fishing
Source: PRA.

Table 3.11 Seasonal activity of households in Chakaria
Activity Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Boro rice cultivation
Aman rice cultivation
Bagda Shrimp farming
Galda shrimp farming
Summer vegetable cultivation
Winter vegetable cultivation
Livestock farming/rearing
Poultry farming
Poultry and duck rearing
Open water fishing
Salt production
Source: PRA.
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3.3.3 Contribution of household livelihoods in labor utilization

In case of landless households, wage labour contributed most (52%) in household labour 
utilization followed by homestead production systems (17%), livestock management 
(15%), and business (12%). In case of marginal farms shrimp farming contributed most 
(25%) followed by homestead production systems (21%) and business (16%) and 
livestock management (13%) (Fig. 3.3). On the other hand, for the small, medium and 
large households shrimp followed by crop and livestock was most important livelihood 
while for the large farms it was shrimp followed by crops.

3.3.4 Household income

The annual household income found to be highest in Chakaria (Tk 180241) followed by 
Rampal (Tk 79837), Paikgacha (Tk 62354) and Shyamnagar (Tk 52239) (Table 3.12). 
Fig. 3.4 presents contribution of different sources to household income. In Shyamnagar 
the highest income came from crops (58%) followed by shrimp (33%), service (3%), 
business (3%) and other (2%). In Paikgacha the highest income also came from crops 
(31%) followed by shrimp (26%), service (21.1%), and business (11.2%)  while in 
Rampal major contribution of income came from shrimp farming (78.2%) followed by 
crops (11.2%). In Chakaria major contribution of income came from crops (67.7%) 
followed by shrimp (6.4%).

Table 3.12 Household annual income by locations (in Tk)
Source of income Khulna Region Cox’s Bazaar All

Shyamnagar Paikgacha Rampal All Chakaria

Cereals 27964 17963 8666 18198 120129 69164
Vegetable 1902 1400 269 1190 1918 1554
Crops 29866 19363 8935 19388 122047 70718
Livestock 342 1415 175 644 16946 8796
Poultry 101 132 493 242 1562 902
Homestead fruits 365 228 96 230 8924 4577
Homestead timber 117 318 120 185 1239 712
Homestead production 482 546 216 415 10163 5289
Open water fishing 65 254 393 237 526 382
Ponds fishing 107 884 307 433 354 394
Pond fish 172 1138 700 670 880 776
Shrimp 12430 5950 60123 26168 10478 18323
White fish 4986 254 2772 2671 1037 1854
Shrimp farming 17416 62040 62895 28839 11515 20177
Forest bio-fuel 150 400 401 317 1050 684
Service 1496 23141 2885 9174 12681 10928
Business 1652 6985 2764 3800 3398 3599
Wage labour 561 3032 373 1322 306 814
Total income 52239 62354 79837 64810 180241 122526

Source: Field data.
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Fig. 3.4 Contribution of different sources to household income in the study areas.

3.4 Costs and returns of Production Activities

3.4.1 Costs and returns of rice production
Table 3.13 presents information on material input uses for MV T. Aman production in 
selected upazilas. It was found that the farmers of Rampal upazila used less amount of 
manure and pesticides but more amount of seed and chemical fertilizers than the farmers 
of Paikgacha upazila. Per ha material input cost for T. Aman production was higher in 
Paikgacha (Tk 14371) than in Rampal (Tk 13751) while per ha non-material costs were 
almost similar by upazilas (Table 2.12). Table 2.12 presents results of field monitoring of 
material input used in MV T. Aman rice at Shyamnagar and Chakaria which were similar 
to Paikgacha and Rampal found in household survey. Per ha material costs of MV T. 
Aman rice production were Tk 14371, Tk 13751, Tk 14763 and Tk 17146 at Paikgacha, 
Rampal, Chakaria, and Shyamnagar, respectively (Table 3.13).
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Table 3.13 Cost and return of MV T. Aman rice production in the study upazilas (Tk/ha)
Material cost 
item

Cost & Return (Tk/ha) All upazilas Cost 
structure 

(%)
Shyamnagar Paikgacha Rampal Chakaria

Material cost:
Seed 2562 2232 2522 2344 2415 5
Manure 3717 1701 1237 1052 1927 4
Fertilizer 6557 8388 6415 10529 7972 18
Pesticide 2799 2050 3577 933 2340 5
Irrigation 1512 0 0 0 378 1
Total material 17146 14371 13751 14763 15008 33
Non-material 0 0
Land preparation 5130 2740 2605 5137 3903 9
Power-tiller cost 4074 2268 2526 4624 3373 7
Animal cost 0 1242 0 0 311 1
Planting 1196 2852 3149 1834 2258 5
Manure & 4475 1039 1077 3470 2515 6
Weeding 600 3457 3920 926 2226 5
Pesticide 790 1153 1682 4335 1990 4
Harvesting 3728 3748 4020 333 2957 7
Transportation 630 769 802 4020 1555 3
Total non-
material cost 20624 19268 19781 22531 20551 46
Total variable 37770 33639 33532 38973 35979 80
Land rent 1889 1682 1677 1949 1889 16
Interest on 
operating capital 9389 9182 9177 8449 9389 4
Total Fixed cost 47159 42821 42709 47422 47159 20
Total cost 47158.5 42820.95 42708.6 47421.65 45027 100
Gross Return 63003 62553 58090 56668 60079
Net return 15844.5 19732.05 15381.4 9246.35 15051
BCR 1.34 1.46 1.36 1.19 1.34

Source: Field data.

Gross return from MV T. Aman production was higher in Paikgacha (Tk 62553/ha) than 
Rampal (Tk 58090/ha) (Table 2.12.). The benefit cost ratios found to very slightly by 
upazilas. It ranged from 1.19 to 1.46 with a mean value of 1.34. The results of field 
monitoring also show that MV T. Aman rice production at Syamnagar and Chakaria have 
similar profitability (Table 3.13).

Table 3.14 presents information on Boro rice production in Chakaria. The respondent 
farmers of Paikgacha and Rampal found to cultivate only T. Aman and the farmers of 
Chakaria cultivated MV Boro rice. The per ha material input cost for MV Boro rice 
production was Tk 14655 and it slightly varied across three selected unions of Chakoria. 
The non-material cost of MV Boro production was Tk 28526 per ha. The highest non-
material cost was observed in Paschim Baraveula (Tk 29556) and it was lowest in 
Bodorkhali (Tk 27171). Fig. 3.5 shows cost structure of Boro rice production in Chakaria. 
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Total cost of Boro rice production was Tk 43182 per ha and the major cost component 
was human labour and power cost (67%) followed by fertilizer cost (24%).

Table 3.14 presents gross margin and BCR of MV Boro rice production in Chakaria. The 
average gross margin per ha was Tk 22452 and slightly varied by unions with an average 
BCR of 1.52. It revealed that cultivation of Boro rice in Chakaria was a profitable 
livelihood.

Table 3.14 Cost and return of MV Boro rice production in Chakaria (Tk/ha)
Cost item Union 

Badarkhali P. Baraveula Dulahazra All Cost 
structure (%)

Material cost item
Seed 1853 2025 2371 2083 4
Manure 926 1120 1025 1024 2
Fertilizer 9757 11526 10304 10529 22
Pesticide 1359 900 800 1020 2
Total material cost 13895 15571 14500 14655 31
Non-material cost
Seed bed preparation 1853 1920 1810 1861 4
Land preparation 1853 1725 1910 1829 4
Ploughing 4940 4830 4752 4841 10
Transplanting cost 4631 4532 4490 4551 10
Fertilizer & manure 1853 1799 1890 1847 4
Pesticide application 926 800 910 879 2
Intercultural operation 3705 4650 4020 4125 9
Irrigation cost 0 0 1000 333 1
Harvesting 3705 4650 4230 4195 9
Post harvest cost 3705 4650 3840 4065 9
Total  non-material cost 27171 29556 28852 28526 60
Total Variable Cost 41066 45127 43352 43182 91
Land rent 1889 1681.95 1676.6 1948.6 4
Interest on operating capital 2053 2256 2168 2159 5
Total Fixed cost 3942 3938 3844 4108 9
Total cost 45008 49065 47196 47290 100
Gross return 61520 68580 66800 65633
Net return 16512 19515 19604 18343
BCR 1.37 1.40 1.42 1.39

Source: Field data.
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Fig. 3.5 Cost structure of Boro rice production in Chakaria.

3.4.2 Costs and returns of shrimp farming

Table 3.15 presents non-material costs of Bagda shrimp farming by locations. The 
highest non-material cost was observed in Shyamnagar (Tk 55530) and lowest was 
observed in Rampal (Tk 20726). Fig. 3.6 presents cost structure of non-material inputs of 
shrimp farming. The major cost component were overall supervision (34%) followed by 
shrimp harvest (21%) and land preparation (20%). While Figure 3.7 shows that major 
cost components of material inputs which were fingerling (47%) followed by fertilizer 
(27%) and feed (20%). The total cost of shrimp farming was Tk 67749 per ha and it 
ranged from Tk 50381 to TK 78220 per ha. In average, Paikgacha and Chakaria have 
similar total cost while Rampal had lower cost per ha (Table 3.15). In average BCR of 
shrimp farming was 1.61 and it slightly varied by upazila and indicating that shrimp 
farming in brackish water is a profitable livelihood in the coastal area. 

Table 3.15 Cost and benefits of bagda shrimp farming in the study Upazilas
Head Cost and Return (Tk/ha)

Shyamnagar Paikgacha Rampal Chakaria All region

Non-Material cost 55530 22979 20726 37091 26932
Material cost 13703 50558 35005 36888 40817
Total cost 69234 73537 55731 73979 67749
Gross return 103632 124096 90736 112759 109197
Gross margin 34398 50558 35005 38780 41448
BCR 1.50 1.69 1.63 1.52 1.61
Source: Field data.
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3.4.3 Costs and returns of poultry farming

Table 3.16 and Table 3.17 present information on profitability of poultry and livestock 
farming in the study area. On average, net return from poultry production was Tk 16029 
with a benefit cost ratio of 1.28 for rearing 500 broiler birds for 30-35 days while annual 
net return from dairy farming was Tk 151170 with a BCR of 1.31 for an average herd 
size of 15 heads. Data revealed that that both poultry farming and livestock farming are 
profitable under suitable conditions. However, profitability was higher in Chakaria 
compared to other Upazilas under study. In Shyamnagar and Paikgacha, profitability was 
lower due to several problems of livestock and poultry rearing which will be discussed 
later.

Table 3.16 Cost and returns in poultry (broiler) production in the study areas

Item
Cost and return (Tk/farm)

Chakaria Paikgacha Shyamnagar Average
Non-material cost 3320 3525 3750 3532
Material cost 51700 56900 56000 54867
Total cost 55020 60425 59750 58398
Gross return 79315 73842 70125 74427
Net return 24295 13417 10375 16029
BCR 1.44 1.22 1.17 1.28

Source: Field data.

Table 3.17 Cost and returns in livestock farming (dairy cow) in the study areas
Return Shyamnagar Paikgacha Chakaria Average
Non-material cost 60000 58000 63215 60405
Material cost 411338 402152 432154 415215
Total cost 471338 460152 495369 475620
Gross return 536150 590000 754218 626789
Net return 64813 129848 258849 151170
BCR 1.14 1.28 1.52 1.31

Source: Field data.

Fig. 3.6 Cost structure of non-
material costs of shrimp farming

Fig. 3.7 Cost structure of material costs 
of shrimp farming
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3.4.4 Costs and returns of salt production

Table 3.18 presents information on costs and return from salt production at Chakaria. On 
average net return from Polythene method was Tk 86900 and Tk 6312 per ha per season 
from open bed method with BCR of 1.46 and 1.09 respectively. Salt produced from 
Polythene method is much clean and price is higher (Tk 193.00 per 40 kg bag) than open 
bed method (Tk 85.00 per 40 kg bag) Both methods are labour intensive.

Table 3.18 Cost and returns in salt production in Chakaria
Item (Tk/ha)

Polythene method Open bed method
Material cost
Polythene
Roller
Water

123500
1600
6175

-
1600
6175

Labour cost 
Land preparation
Supervision

3088
4200

3088
4200

Total cost 190975 67475
Total production (kg) 34642 57736
Gross return 277875 73787
Net return 86900 6312
BCR 1.46 1.09
Source: Field data.

Table 3.19 Summary of BCR of different production enterprises in the study upazilas

Enterprise Benefit cost ratio (BCR)
Shyamnagar Paikgacha Rampal Chakaria Average

MV T. Aman rice 1.34 1.46 1.36 1.19 1.34
MV Boro rice 1.39
Livestock rearing/farming 1.14 1.28 - 1.52 1.31
Poultry rearing/farming 1.17 1.22 1.44 1.28
Bagda shrimp farming 1.50 1.69 1.63 1.52 1.61
Galda shrimp farming** 1.95*
Salt production (Improved) 1.46
Salt production (Traditional) 1.09
* Six months cycle;    ** Data source: Brackish Water Station of Fisheries Research Institute at Paikgacha.

Summary of BCR for different production enterprises (Table 3.19) indicated that all the 
agricultural production enterprises were profitable and have incentives for the coastal 
communities. However, there exist land use conflicts between rice and shrimp. In case of 
shrimp farming it was found that profitability of shrimp farming, although higher 
compared to other enterprises, not much at present as in the early stages during 1980s. 
During 1980s the BCR of brackish water shrimp production was around 5-7, which is 
now under 2. Again, shrimp farming has been causing major adverse impacts on both 
resources and environments. Therefore, for judicious land use as well as safeguarding the 
environment, a shift towards rice farming seems essential. The small and marginal 
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farmers, although keen to go back to rice cultivation, are facing several problems as well 
as uncertainties. The major uncertainty is the possibility of failure of rice in the shrimp 
ponds since salinity in these shrimp ponds grew years after years. So, there was growing 
fear that transforming these shrimp farms into profitable rice farms would need several 
(8-10) years. At present, they are unwilling to take any risk under repeated failure to 
grow rice in many of the shrimp farms. The argument in this regard was that richer 
farmers having financial capacity and can take risk with rice farming. But the poor 
farmers will loose everything if the crop fails entirely. Another problem is the pressure 
from the richer as well as influential partners in joint venture or leased shrimp farms. If 
the weaker partner wants to withdraw from shrimp farming, or if the poor land owner 
wants to get back his land, he is quite helpless since he has not much strength to go in 
conflicts with the influential shrimp partner or lease taker. Under these circumstances, 
government should intervene with some sorts of insurance and/or incentives to encourage 
rice farming. Optimization of land use through land zoning is needed for crop, shrimp 
and other production activities. After shrimp and/or T. Aman rice the land remains fallow 
in most of the cases. These lands can be brought under Boro cultivation. However, since 
Boro rice is dependent on irrigation, irrigation to be ensured. Farmers were found 
determined to cultivate Boro rice despite failure of Boro rice last year in many places.
Such determination should be encouraged in the future planning. 

There is also another alternative option of introducing rice-fresh water prawn (Galda) 
integrated farming which is considered to be environment friendly. Data were also 
collected regarding the production practice of Galda farming. It was found that the 
average BCR for Galda farm (sole) is around 1.95 (Table 3.19) at six months cycle. 
Although such BCR is supposed to lower down in case of mixed culture with rice, still 
the combined return from rice and prawn might be at a satisfactory level. Therefore, it 
might be argued that mixed culture of Galda with rice could be introduced in the non/less 
saline areas as technology for mixed culture is also available. However, in order to 
promote this, farmers would require technological support and extension services.

3.5 Household Food Consumption Expenditure

The Monthly food consumption expenditure of the respondent households is presented in 
Table 3.20. In average household in Shyamnagar rice consumption expenditure was Tk 
2004 per month. It was lowest in Rampal (Tk 2618) and highest in Chakaria (Tk 4146). 
On average the monthly household food expenditure was TK 8112. Their food budget 
was dominated by rice (37.6%) and fish 29.1% (Table 3.21). The landless farmers spent 
more of their food share on rice (49.2%) and with the increase of farm size rice food 
share slightly decreased (Fig. 3.8).
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Table 3.20 Food expenditure by respondent households (Tk/Household/month)

Food item
Khulna division Cox’s Bazaar

All
Shyamnagar Paikgacha Rampal All Chakaria

Rice 2004 2848 2618 2490 4146 3318
Wheat 0 41 0 14 0 7
Pulse 142 171 138 150 242 196
Chicken 159 309 249 239 598 419
Beef 132 161 70 121 722 422
Other meat 132 122 0 85 212 149
Egg 113 86 69 89 92 91
Fish 1550 1459 1526 1512 1947 1730
Milk 128 92 46 89 299 194
Oil 276 269 234 260 321 291
Vegetable 442 306 424 391 650 521
Fruit 140 130 584 285 996 641
Chili 38 28 26 31 40 36
Onion 51 44 47 47 79 63
Turmeric 27 16 16 20 58 39
Total 5334 6081 6047 5821 10402 8112

Source: Field data.

Table 3.21 Percentage distribution of household food consumption expenditure by food 
item and by location

Food item

Khulna region Cox’s Bazaar

AllShyamnagar Paikgacha Rampal All Chakaria

Rice 38 47 43 40 40 41

Wheat 0 1 0 0 0 0

Pulse 3 3 2 2 2 2

Chicken 3 5 4 6 6 5

Other meat 4 5 1 9 9 7

Egg 2 1 1 1 1 1

Fish 29 24 25 19 19 21

Milk 2 2 1 3 3 2

Oil 5 4 4 3 3 4

Vegetable 8 5 7 6 6 6

Fruit 3 2 10 10 10 8

Chili 1 0 0 0 0 0

Onion 1 1 1 1 1 1

Turmeric 1 0 0 1 1 0

Total 100 100 100 100 100 100
Source: Field data.
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by farm size.
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3.6 Household Food Security

3.6.1 Household food security status in Shyamnagar

Fig. 3.9 shows extent of household food insecurity situation prevailed in Shyamnagar 
upazila by union before the month of 2007Aman rice harvest, after Aman harvest and 
after the month of 2008 Boro harvest. On average, 52% households were food secure 
before 2007 Aman rice harvest in Shyamnagar upazila. Around 80% households of 
Shyamnagar Sadar union and 60% household of Buri Goalini were food secure. In that 
time period households of Atulia found to be most food unsecured where 35% 
households were moderate insecure and 15% were severely food unsecured. However 
after failure of Aman crop due to SIDR household’s food security condition found to 
further deteriorate in Shyamnagar upazila as evidenced by the fact that only 15% 
households were food secure and 30% severely unsecured (Fig 7.2 b). Household food 
insecurity condition found to much improve after good harvest of 2008 Boro rice (Fig. 
3.9c).

3.6.2 Household food security status in Paikgacha

In Paikgacha majority of households (40%) were slightly food insecure and 27% were 
severely insecure before the period of 2007 Aman rice harvest. Also almost similar 
scenario prevailed in each individual union in that period (Fig 3.10a). However, after 
2007 Aman harvest the scenario slightly improved (Fig. 3.10b). After 2008 Boro rice 
harvest, the situation is found to further change in Godaipur and Kopilmuni where the 
proportion of food secure household declined while proportion of less insecure 
households increased remarkably (Fig. 3.10c).

3.6.3 Household food security status in Rampal

In Rampal only 13% household were food secure and 37% were moderately insecure 
before Aman 2007 harvest. After Aman harvest the situation found to change in that 22% 
became food secure, 27% were low insecure and 25% were moderate insecure (Fig 3.11). 
Food security condition found to improve considerably at Uzalkur and Perikhali. After 
Boro 2008 harvest food security condition found to improve further at Rampal as 
indicated by the fact that 30% household became food secure and 35% became low 
insecure.

3.6.4 Household food security status in Chakaria

In Chakaria 27% households were food secure and 25% were low insecure and 32% were 
severely insecure before 2007 Aman harvest. However, after Aman harvest the scenario 
slightly improved (Fig. 3.12). However in Dulahazra union proportion of severely food 
insecure household increased from 10% to 40% while in Badarkhali union the scenario 
found to improve in that proportion of food secure family increased from 25% to 40%. 
After 2008 Boro harvest food security condition of the household of Dulahazra found to 
much improve while over all scenario of Chakaria found to slightly change.
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Fig 3.10 Household food insecurity 
scale at Paikgacha: (a) Before Aman 
2007; (b) After Aman 2007; (c) After 
Boro 2008

Figure 3.9. Household food insecurity 
scale at Shyamnagar: (a) before 
Aman 2007; (b) after Aman 2007; (c)
after Boro 2008
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Fig. 3.11. Household food 
insecurity scale at Rampal: (a)
Before Aman 2007; (b) After 
Aman 2007; (c) After Boro 2008

Fig. 3.12. HH food insecurity scale at 
Chakaria: (a) Before Aman 2007; (b)
After Aman 2007; (c) After Boro 2008
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3.6.5 Access to food items

Table 3.22 presents information on proportion of households consuming number of food 
items during breakfast. It was revealed that majority of households (41%) of all upazilas 
consumed 2 items during breakfast followed by 3 items (33%). Also majority of 
households consumed 2 items during lunch and dinner followed by 3 items. Only a few 
households could afford for 4 items and above items for different meals in a day.

Table 3.22 Proportion of households consuming different number of items during 
breakfast, lunch and dinner
No. of food Item % Household

Paikgacha Shyamnagar Chakaria Rampal All
Breakfast

1 item 20 22 7 25 19
2 items 40 40 38 47 41
3 items 32 33 42 25 33
4 items 5 3 8 3 5
> 4 items 3 2 5 0 3

Lunch
1 item 18 20 7 20 16
2 items 57 60 37 60 54
3 items 23 18 43 18 26
4 items 2 2 13 2 5
> 4 items 18 20 7 20 16

Dinner
1 item 13 18 7 18 14
2 items 62 58 50 60 58
3 items 23 22 38 20 26
4 items 2 2 5 2 3
> 4 items 13 18 7 18 14

Source: Field data.
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3.6.6 Daily food consumption by respondent households

Monitoring households were surveyed by using a short structured questionnaire in terms 
of food intake by family members (>10 years of age) for the last one week. However, the 
food items which were not consumed in the last week, but were consumed during the last 
one month were also considered. Table 3.23 presents information on respondent 
household’s consumption of different food items by household category. The household’s 
diet is found to be dominated by rice followed by vegetables and fish. The households of 
all categories consumed more rice than the national average of 453.6 g/capita/day. The 
daily per capita consumption of rice, fish, chicken, meat and vegetable were 580, 132, 48, 
55 and 187 g, respectively. Per capita daily intake of animal protein, vegetable and total 
food declined with the decrease of farm size. Large households were found to consume 
an average of 1562 g/cap/day, while the landless households consumed only 974 
g/cap/day. 

Table 3.23 Daily food consumption of respondent households of the study region
Item Amount (g/cap/day)

Large Medium Small Marginal Landless All
Rice 555 570 614 573 574 580
Wheat 007 006 003 005 001 004
Fish 147 143 148 123 078 132
Chicken 113 070 042 014 011 048
Meat/Beef 112 094 057 018 005 055
Egg 142 165 149 075 046 125
Milk 028 012 017 015 002 017
Vegetables 218 224 176 184 152 187
Potato 050 044 039 021 024 037
Pulses 032 021 019 021 016 022
Fruits 036 006 009 006 007 012
Sugar 014 016 007 006 004 009
Edible oil 046 044 035 028 023 033
Onion 037 038 026 022 021 029
Garlic 013 010 006 004 004 007
Chili 010 008 006 005 006 007
Turmeric 009 007 006 005 005 007
Ginger 004 004 003 002 002 003
Total 1562 1471 1355 1121 974 1307

Source: Field data.

The energy equivalent of consumed food has been shown in Table 3.24. Data indicated 
that at regional basis, only large households crossed the poverty threshold of 2122 
cal/cap/day, while all other categories were below that level. Particularly, small, marginal 
and landless households were below the absolute poverty threshold level of 1805 
cal/cap/day. The average energy consumption for the study region as a whole was found 
as 1653 cal/cap/day. 
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At upazila level, households in Chakaria were found to consume higher amounts of food 
compared to other upazilas (Table 3.25). The energy equivalent (1928 cal/cap/day) was 
also above the BBS-HIES threshold level for absolute poverty level. In Shyamnagar 
upazila, large households were found to intake energy close to the threshold level of 2122 
cal/cap/day, while same households in Paikgacha and Rampal upazilas were below that 
level, however, above the hard core poverty level (i.e. 1805 cal/cap/day). It might be 
mentioned that, Household Income & Expenditure Survey (HIES-2000) of Bangladesh 
Bureau of Statistics (BBS, 2001) has drawn two poverty lines: absolute poverty based on 
intake of 2122 Cal/cap/day, and hardcore poverty based on 1805 Cal/cap/day. The 
Institute of Nutrition and Food Science (INFS) drew the threshold at 2039 Cal/cap/day. 
On the other hand, Food and Agricultural Organization (FAO) recommends 2400 
Cal/cap/ day, while Food and Nutrition Policy suggests 2700 Cal/cap/day. For all the 
upazilas daily energy consumption in the surveyed households irrespective of land 
holding category was 1653 cal/cap/day, which was well below all the threshold levels. 
Energy equivalent of different food items has been provided in Appendix-30.

Table 3.24 Daily energy intake by respondent households in the study region

Source: Field data.

Item Energy consumption (cal/cap/day)
Large Medium Small Marginal Landless All

Rice 611 627 676 630 631 633
Wheat flour 18 16 7 13 2 12
Fish 221 214 222 184 117 190
Chicken 153 95 57 19 15 63
Meat 276 230 140 45 12 134
Egg 80 95 90 25 9 60
Milk 11 4 7 6 1 6
Vegetables 55 56 44 46 38 47
Potato 43 38 34 18 20 30
Pulses 52 35 32 35 27 36
Fruits 29 5 7 5 5 9
Sugar 53 61 26 24 16 35
Edible oil 402 388 307 250 204 300
Onion 101 104 72 60 59 77
Garlic 19 15 9 6 6 10
Chili 9 7 5 4 5 6
Turmeric 33 26 21 19 17 21
Ginger 3 3 2 1 1 2
Total 2140 1994 1739 1372 1171 1653
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In all the cases, energy intake decreased with the decrease in land holding (Table 3.25). 
Data indicated that only the households of large and medium farm category could 
consume energy close to daily requirement of 2122 calorie/capita/day while the small, 
marginal and landless group suffered much from malnutrition and starvation. Landless 
farmers were the most deprived group. However, there were two major limitations of the 
estimation process. Firstly, data were derived for the last week extending up to one month, 
so it might not reflect year round consumption level in any cases. Again, Food scarcity as 
well as high price of food materials prevailed after cyclone ‘Aila’ in Shyamnagar and 
Paikgacha, which might affected the food intake by households as they reported. Detailed 
results of the food consumption survey were provided in Appendix-26 to 30.

Table 3.25 Food consumption by respondent households of the study areas 
Upazila Amount

Large Medium Small Marginal Landless All
Food intake (g/cap/day)

Shyamnagar 1548 1526 1380 1012 877 1363
Paikgacha 1554 1445 1170 1031 903 1297
Rampal 1504 1359 1266 1056 997 1107
Chakaria 1642 1555 1605 1385 1120 1461
All 1562 1471 1355 1121 974 1307

Energy equivalent (cal/cap/day)

Shyamnagar 2116 2091 1688 1259 1076 1646
Paikgacha 2062 1952 1436 1279 1086 1561
Rampal 2077 1883 1665 1215 1140 1476
Chakaria 2304 2049 2168 1737 1382 1928
All upazila 2140 1994 1739 1372 1171 1653

Source: Field data.
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CHAPTER 4

ANTHROPOGENIC ACTIVITIES IN THE COASTAL REGION

The study identified nine different types of anthropogenic activities as well as factors 
which are affecting both resources and environment in the coastal region as a whole. 
These activities have been discussed in brief as follows.

4.1 Human Population Growth

Bangladesh has achieved a modest decline in population growth from 2.17% to 1.59% 
during the last two decades. But still population of the country has been growing. Fig. 4.1 
shows the growth of human population in the coastal region. Data indicated that urban 
population has been growing faster compared to rural population, indicating increasing 
migration from rural to urban areas. Fig. 4.2 shows the projected growth of population in 
the study Upazilas. Among the Upazilas Shyamnagar contains the highest number of 
peoples while Rampal has the lowest population. The average population in Shyamnagar, 
Paikgacha, Rampal, and Chakaria in 2001 were 313781, 248112, 178503, and 336198, 
respectively. With an annual growth rate of 1.6%, 2.5%, 1.4% and 2.3%, respectively 
(based on Upazila Statistical Office records), the projected population by the year 2030 
will be around 497215, 507738, 267114, and 650112, respectively (Fig. 4.2). It means 
that by the year 2030 around 59%, 105%, 50%, and 93% more population will be added 
in these four upazilas, respectively if the current growth rate continues. Among the 
upazilas, the highest growth will be in Paikgacha being closely followed by Chakaria.

Fig. 4.1. Projected population growth in the coastal region up to 2050.
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Fig. 4.2 Projected population in the study upazilas up to 2030.

4.2 Coastal Embankment

Embankment: is a ridge built with earth or rock to contain flood water or to construct a 
road, railway, and canal. Designed to control or prevent flooding, flood control 
embankment is one of several types of embankments on the floodplains. Embankments 
include sea dikes at locations facing the Bay of Bengal, wide rivers and at places where 
high waves occur; interior dikes along rivers where wave action is less severe; and 
marginal dikes are along channels where current and wave action is mild. 

In the 1960's the then government of East Pakistan felt the need for enhancing rice 
production to feed the fast growing population. Prices of food grains were rising 
worldwide, and the government therefore wanted to enhance domestic production. The 
period also coincided with the development of High Yielding Varieties (HYV) of wheat 
and rice, which was also termed as the so called “Green Revolution.”  The tidal flood 
plains of the southwestern (SW) coastal region were single-crop lands producing only 
one crop e.g. local aman rice varieties during Kharif-II season (July-December). The 
government, therefore, decided to convert those lands into permanent fresh water areas 
and to provide facilities for year-round cultivation of HYV rice. Accordingly, 37 polders 
were created by building a total of 1566 km of high embankments and 282 sluice gates 
and regulators, as well as closing many tidal creeks in the Khulna region alone under 
Coastal Embankment Project (CEP). The CEP comprises a complex network of dikes and 
drainage sluices and was the first comprehensive plan for providing protection against 
flood and saline water intrusion in the coastal region. The total project was implemented 
between 1961 and 1978 by the Bangladesh Water Development Board (BWDB) with a 
total of 5017 km of embankment and 1,039 drainage sluices gates (Table 4.1). CEP 
covered the coastal districts of Bangladesh and includes Cox's Bazaar, Chittagong, Feni, 
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Noakhali, Lakhsmipur, Bhola, Barisal, Patuakhali, Jhalokathi, Barguna, Pirojpur, Khulna, 
Satkhira and Bagerhat districts.

Coastal embankments were intended to protect agricultural lands from tidal inundation. 
In addition to increased agricultural production, these embankments have provided good 
road communication and were expected to contribute towards improvement of the overall 
socio-economic condition in the coastal zone. The embankments, however, appeared to 
be the single most as well as the largest man made structures raised against the will of 
nature. Again, in contrary to the expectations, embankments invited several ecological, 
agricultural as well as socio-economic implications. The impacts of coastal embankments 
on resources and environments have been discussed in the following chapters.

Table 4.1 Coastal embankment statistics in the study upazilas
Upazila Polder 

(No.)
Embankment 
Length (km)

Legal Sluice gate Illegal Sluice gate  
& water inlets

Shyamnagar 02 217 107 284
Paikgacha 09 211 81 123
Rampal 01 40.35 11 40
Chakaria 04 268 202 80
Total coastal 123 5017 1039
Source: BWDB

4.3 Upstream Withdrawal of River Water

India built a cross dam on the Ganges in Farakka at upstream of the Ganges in 1974 
(Photo 4.1). Unilateral withdrawal of water from Ganges directly affected the main flow 
of Ganges along with its tributaries. Farakka barrage caused a considerable reduction in 
the discharge rate of the Ganges through Bangladesh (Fig. 4.3). Data indicated that 
discharge during dry season was always lower than the pre-dam period. Water discharges 
were higher only during monsoon periods (July-November) since India releases access 
water during monsoon period. Besides Farakka, India also built dams on 28 other rivers 
out of 54 common rivers flowing from India across Bangladesh.
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Fig. 4.3 Average monthly discharge rate of the Ganges through the Bangladesh delta 
during pre (1970) and post-dam (1975-2004) at Hardinge Bridge point (Source: BWDB).
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Photo 4.1 Farakka barrage built by India at the upstream of Ganges river.

4.4. Brackish Water Shrimp Farming

Brackish water shrimp farming was a traditional land use in the region since early 1970s. 
Local communities used to pour river water into their crop fields during high tide which 
contained numerous numbers of shrimp and other fish larvae. These larvae were reared 
without any extra management practices. At post-embankment era polder areas 
surrounded by embankments seemed to be safe heaven for controlled shrimp farming in 
the region. By that time demand for prawn rose at international markets and export of 
frozen shrimp seemed to be a highly profitable business. Within years thousands of 
shrimp farms (traditionally called ‘Gher’ which means enclosure) were raised by 
establishing raised dykes around rice and other crop fields.

Meanwhile, siltation and drying up of rivers and canals and other perennial water bodies 
also encouraged shrimp farmers for encroachment and conversion of these natural water 
bodies into shrimp farms. Influential shrimp farmers, particularly absentee landlords 
gradually took control of these water bodies both legally and illegally for shrimp farming. 
Increasing demand for frozen shrimp and huge inflow of foreign exchange encouraged 
the government to encourage shrimp farming in the whole coastal region. Government 
also encouraged as well as facilitated shrimp farming and started leasing out the canals 
and rivers, and other water bodies e.g. beels, baors, (commonly called Jal Mohal) to the 
interested shrimp farmers. Eventually, brackish water shrimp farming expanded in the 
entire SW and SE region of the country i.e. Satkhira, Khulna, Bagerhat, Cox’s Bazaar 
and Chittagong. Again, Government leased out the 18000 ha mangrove forest (Chakaria 
Sundarbans) in Chakaria, Cox’s Bazaar in the SE region for shrimp farming. 
Furthermore, in 1994 Government declared the coastal region as ‘open for brackish water 
shrimp farming’ through a government order.

Area under brackish water shrimp farming started growing almost exponentially (Fig. 
4.4). By 2008 over 217000 ha of land were brought under brackish water shrimp 
cultivation and the growth continues. The highest increase was in SW region i.e. 
Bagerhat, Khulna and Satkhira region because of abundant source of shrimp post larvae 
(fry) in the Sundarbans mangrove forest and surrounding rivers and estuaries. Among the 
coastal districts, the highest increase in shrimp farming occurred in Bagerhat, Khulna, 
Satkhira and Cox’s Bazar. Again, within these districts the highest numbers of shrimp 
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farms were raised in Shyamnagar, Paikgacha, Rampal and Chakaria Upazilas. Fig. 4.5 
shows the incremental growth of shrimp farming areas in these Upazilas. In most of the 
cases Aman (monsoon) rice fields were converted into shrimp farms. During initial stage, 
there were traditions of dual culture of shrimp and aman paddy in the same fields. But 
eventually shrimp farming became the dominant land use by replacing aman rice 
cultivation in the coastal region (Fig. 4.6). In all the cases the once Aman rice coverage 
areas were converted into shrimp farms (as indicated by violet coloured areas in 
Shyamnagar and Paikgacha, blue coloured areas in Rampal, and sky-blue coloured areas 
in Chakaria).
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Fig. 4.6 Extents of brackish water shrimp farming in (a) Shyamnagar, (b) Paikgacha,

(c) Rampal and (d) Chakaria (Map source: SPARRSO).
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4.5 Salt Production Activities

Salt production was started in Cox’s Bazaar district during the year 1960-61 with around 
2900 ha of land (Fig. 4.7). Eventually it became a major land use in the region covering 
around 28646 ha of land in 2006-07 with total production of around 1054000 ton, and the 
incremental trend has been continuing. Annual growth rate during 2000-2007 is over 
1100 ha year-1 and the corresponding figure during 1960-2007 is over 758 ha year-1. The 
land use pattern is Shrimp-Shrimp-Salt, which means no other crops are grown in these 
lands. Although 7136 ha is considered suitable for salt bed (of which 6230 ha are suitable 
and 906 ha of land are moderately suitable), nearly 29000 ha of land area are under salt 
production in 2008-09, which means more and more land area are being brought under 
salt production each year. In Chakaria, the land area under salt bed in 2008-09 was over 
8900 ha with total production of over 360000 metric tons (Fig. 4.8).
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Fig. 4.7 Growth of salt production in Cox’s Bazar (Source: BSCIC, Cox’s Bazaar).
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Fig. 4.8 Growth of salt production in Chakaria (Source: BSCIC, Cox’s Bazaar).
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4.6 Use of Agro-chemicals

Use of agro-chemicals mainly involves fertilizers and insecticides, both being an integral 
part of crop agriculture in the country. The present study revealed that use of both these 
chemicals has been growing considerably in the coastal region and identified as a 
potential man made (anthropogenic) activity.

4.6.1 Fertilizer

The growth of urea fertilizer use at upazila level has been shown in Figs. 4.9, 4.10 and 
4.11. Data indicated that use of fertilizer has been increasing considerably in the study 
areas. Urea constitutes the lion share among the fertilizers used. Ignoring the fertilizer 
recommendation guide provided by the BARC, farmers mainly rely on urea fertilizer 
during rice and vegetables cultivation avoiding other macro and micro nutrients.

Farmers in the study upazilas were found to be dependent heavily on chemical fertilizers. 
In all the upazilas except Rampal farmers were found to use excessive dose of fertilizers, 
particularly urea as a source of N (Table 4.2). The amount of urea applied in rice farming 
was well above the recommended doses for those regions (Table 4.2). But in case of 
other fertilizers farmers apply lower doses than the recommended. During FGD farmers 
opined that due to decline in soil fertility as well as increase in soil and water salinity 
they intend to maintain yield level with higher doses of urea fertilizer. Again, decline in 
cattle population squeezed the opportunity of replenishing soils with cow dung as a 
source of organic matter. Moreover, the crop soils are not being replenished with tidal 
silts. As a result, chemical fertilizer application is the only remaining option to them to 
sustain rice production.
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Fig. 4.9 Trends in fertilizer use over time in Shyamnagar (Source: DAE).
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Table 4.2. Fertilizer use by sample households in the study Upazilas

Location Rate (kg/ha)

Urea TSP MP

Shyamnagar 290 90 60

Paikgacha 340 85 80

Rampal 125 35 15

Recommended dose for AEZ-13 (Satkhira & Khulna) 260 110 92

Chakaria 220 40 50

Recommended dose (AEZ-23: Cox’s Bazar) 190 75 80

Source: Field data.

4.6.2 Pesticide use

Pesticide use has become an integral part of crop agriculture all over Bangladesh as well 
as in the study areas (Photo 4.2). The notable fact was that the frequency and dose have 
also been increasing with the progress of time. In every study areas it was opined that in 
recent times i.e. during the last 10-15 years there were severe outbreaks of insect pests in 
field crops and vegetables. Even homestead plantations i.e. fruit and forest trees are 
increasing being attacked by insects which was not apparent to them 10-15 years before. 
But no reliable time series data were available regarding the actual area under pest attack 
as well as magnitude of pest attack. DAE maintains office records regarding area under 
pest attack as well as total amount of pesticide used for the last 3-4 years. Fig. 4.12; 4.13; 
and 4.14 show the DAE figures regarding areas under pest attack and insecticide use in 
Shyamnagar, Paikgacha and Rampal, respectively. Data showed that area under pest 
attack has been increasing over time. Major infestation was found in Kharif-II season 
since T. Aman rice is the dominant rice crop in these Upazilas. Two schools of thought 
were revealed during discussion with farmers behind increased outbreaks of insect pests 
in recent times. First one suggested that, due to increase in soil and water salinity rice and 

Fig. 4.10 Trends in fertilizer use over 
time in Paikgacha (Source: DAE)

Fig. 4.11 Trends in fertilizer use over 
time in Chakaria (Source: DAE)
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vegetable plants are weakened and become less resistant to insect pests. Second one 
suggested that, since area under rice coverage has been decreasing in the region, same 
insect pest populations are being concentrated in relatively lesser areas covered by rice.

There existed a wide gap between DAE figures and field estimates regarding the total 
amount of insecticides used. Data revealed through season long monitoring of rice farms 
revealed that farmers usually use pesticides 2-7 time against only one recommended 
application (Table 4.3). Through FGD farmers responded that in recent years there were 
severe outbreaks of insect pests in the whole region. To save the valuable crops and 
vegetable they are bound to increase both dose and frequency of applications of 
pesticides (Photo 4.2). Through FGD, pesticide dealer survey as well as field monitoring 
it was revealed that most of the aman rice areas were severely affected by insect pests 
which ranged from 30-70% depending on locations. Based on this observation insecticide 
use in the study Upazilas has been estimated and shown in Table 4.4. Field estimates 
indicated that a total of 17-23 tons of pesticides were used in T. Aman rice crop alone in 
2008. However, Insecticide use was much lower in Rampal Upazila. The main reason 
was that in Rampal farmers mostly cultivate a local rice variety called ‘Lal Mota’ which 
is usually resistant to pest attack. However, in recent years this variety was also came 
under severe insect pest attack. That’s why farmers have to spray insecticides in this 
variety also. Still, the field level data on insecticide use was much higher than the DAE 
estimates. Estimates at regional level, however, indicated that over 4520 tons of 
pesticides are being used in the agricultural areas of the coastal districts (DoE, 2006). 

0

50

100

150

200

250

300

350

400

450

500

2003-04 2004-05 2005-06 2006-07 2007-08

A
re

a 
(h

a)

0

0.5

1

1.5

2

2.5

A
m

ou
nt

 (
t)

Rabi Kharif-I
Kharif-II Total
Insecticide use

Fig. 4.12 Area (ha) under insect pest attack in Shyamnagar (Source: DAE).
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Fig. 4.14. Area under insect pest attack and insecticide use in Rampal (Source: DAE).

Table 4.3 Insecticide use by rice farmers during Aman season, 2008

Location Pesticide Brand Recommended 
dose as single 
application 
(kg/ha) 

Recommended 
dose for 3 
pests/diseases 
(kg/ha) 

Frequency 
of 
application

Amount 
used (kg/ha)

RegisteredBanned/

smuggled

Shyamnagar 24 07 0.5-0.6 1.5-1.8 3.7 (2-7) 2.78

Paikgacha 27 03 4.6 (3-7) 3.45

Rampal 28 03 3.5 (3-6) 2.63

Chakaria 28 02 3.6 (3-5) 2.70

Source: Field data.

Table 4.4 Total insecticide use by rice farmers during T. Aman season, 2008

Upazila Area under T. 
Aman rice (ha)

Area under 
attack (ha)

% of Aman area 
under attack

Pesticide use (t)

Shyamnagar 21100 6330 30 17.60

Paikgacha 16228 6491 40 22.39

Rampal 17810 2672 15 7.03

Chakaria 12110 8477 70 22.89

Source: Field data.



64

Photo 4.2 Spraying insecticides in (a) rice and (b) vegetable fields.

Use of insecticides in other sectors: Meanwhile several other potential uses of pesticides 
were revealed in Shyamnagar. Firstly, some dishonest fishermen used to harvest fish with 
the help of insecticides inside SRF. These miscreants usually apply insecticides in the 
mouth of small canals running deeper into Sundarbans during high tide. By the poisonous 
action of the insecticides all the fishes and other living aquatic organisms die quickly. 
Then they put nets on the same outlet during ebb-tide. All the killed fishes are collected 
without any tedious effort. Secondly, DDT has widely been used in fish drying, 
particularly in the char islands deeper in the Bay of Bengal despite government ban on 
the use of DDT. Moreover, game hunting with the help of insecticide as well as sedatives 
was also reported in Shyamnagar. Usually tigers are hunted with the help of insecticide, 
while spotted deers are caught alive with the help of strong doses of sedatives. In 
Chakaria, besides insecticide use in rice and vegetables, salt producers regularly use 
insecticides at very high doses in salt beds during leveling of soils to kill earthworms 
which used to make capillary pores in the soils thus making the bed uneven. 

4.7 Exploitation of Natural Resources

4.7.1 Fishing

Fishing is a dominant livelihood activity in the coastal region. The growth of fish 
production (catch) from rivers and estuaries as well as marine sources has been shown in 
Fig.4.15. Official statistics revealed that both industrial and artisanal type fishing have 
been growing in the Bay of Bengal, however, artisanal types have been increasing 
remarkably since 1997-98. At present over 244 fishing trawlers and 44000 boats have 
been operating in the coastal region of Bangladesh, although only 88 and 6000, 
respectively, are registered. All these trawlers and fishing boats are being engaged in both 
industrial and artisanal type fishing in the Bay. Approximately 150,000 fishermen are 
engaged in artisanal fishing in the coastal waters and another 40,000 fishermen are 
engaged in fishing inside and alongside the Sundarbans (Photo 4.3b). Data from Forest 
Department also revealed that fish production (harvest) from Sundarbans has increased 
from an amount of 4000 tons in 1986-87 to almost 18000 tons in 2007-08 (Fig. 4.16).
Despite an increase in the number of fishermen, the Sundarbans fishery is overexploited 
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due to uncontrolled fishing. It was reported that the shrimp larvae fishery, shore net, 
canal gill net, small meshed set bag net and gill nets are destructive and lead to over 
fishing. Another concern is the indiscriminate harvesting oh hilsha fry (commonly called 
as jatka) from the coastal rivers in recent years. Despite government efforts to save, jatka 
killing has been continuing in the region. Around 3200 fishing trawlers and over 10000 
fishing boats fitted with ‘current nets’ are on the ceaseless hunt for jatka in different 
rivers and in the Bay of Bengal (Anon, 2009a).

FGD with the fishermen revealed that rate of fish harvest has declined substantially from 
the inland sources in recent years. The main causes were reduction in water bodies, 
decline in fish population and destruction of fish larvae during shrimp fry collection. Also 
destruction of fish breeding ground with destructive type fishing with small fish nets 
were reported by them. Therefore, fishermen are putting their efforts deeper inside 
Sundarbans as well as in the Bay of Bengal (Fig. 4.15). Decline in fish resources in 
marine as well as inland water bodies might have increased the pressure on estuarine 
sources inside the Sundarbans reserved Forest area. However, there might be some other 
causes as well.

Fig. 4.15 Growth of fishing in the Bay of Bengal and estuaries (Source: DoF).
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Fig. 4.16 Fish production from inside the Sundarbans Reserved Forest (Source: DoF).
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Photo 4.3 (a, b) Open water fishing in the rivers alongside Sundarbans Reserved Forest.

4.7.2 Shrimp post larvae collection

Around 300,000 and 80,000 peoples are involved in shrimp post-larvae catching in the 
coastal and the Sundarbans waters, respectively. There are around 20000 shrimp fry 
collectors in the study Upazilas, however, the figure is tentative and might be much more 
than estimated. Because in many cases women and children also collect shrimp post 
larvae as additional to their usual household duties and other livelihood activities. 
Particularly resource poor households, e.g. landless and marginal household members are 
more involved in shrimp post larvae collection. Government has put ban on shrimp fry 
collection from natural sources since 2002. Attempts were also made to create alternate 
income generation for the larvae collectors. But all the attempts failed and shrimp larvae 
collection has been continuing on full swing. On regional basis there is an estimated 
number of over 450000 shrimp larvae collectors in the region, although around 200000 
people collect shrimp larvae as main occupation. Shrimp larvae collectors usually use 
box net with very fine mesh to collect shrimp larvae along the bank of rivers (Photo 4.4). 
After separating the shrimp larvae, they simply throw the remaining other fish seeds on 
the beaches and river banks. In 2002 an estimated amount of 3000 million shrimp PL 
were collected from the region. However, field level estimate for the four study Upazilas 
was around 15 million in 2008. During FGD fry collectors reported that having no other 
employment opportunities, they were forced to adopt such occupation. 

4.7.3 Snail collection

Snail collection from natural sources has become another anthropogenic activity because 
of indiscriminate collection from natural sources within the SW region as well as other 
regions to meet the demand as shrimp feed in the SW region. Snail flesh is used as feed 
in both Bagda and Golda shrimp farms. As a result, thousands of resource poor people 
have been engaged in snail collection in the region (Photo 4.5). Snail shell is also used as 
fish feed after grinding (Photo 4.6). The peak season of collection is from June to 
November. There are around 30 informal markets where snails are traded regularly. 
However, the local source has been squeezed to almost nil in the coastal region. As a 
result, snails are being imported from other regions of the country every day. These 
regions are Faridpur, Gopalgonj, Rajbari, Kushtia, Pabna, Dhaka, Dinajpur, Kishoregonj, 
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Sylhet and other regions as well. Field visit in the Rairmahal bazaar within the vicinity of 
Khulna City Corporation revealed the magnitude of trade. Traders informed that every 
morning 10-15 trucks fully containing snails are unloaded in the market. On average 50-
75 tons of snails are unloaded every morning in Rairmahal alone. Besides this bazaar 
snail processing facilities has also developed in Dumuria, Batiaghata, Paikgacha upazilas 
in Khulna district, also there are growing markets for snail processing in Satkhira, 
Bagerhat, and Pirozpur districts. In Rairmahol, all the snails are imported from other 
regions of the country. During interview, the traders informed that local sources have 
already been depleted due to overexploitation as well as higher water salinity problems. 
That’s why they are now mainly dependent on other regions of the country. So, it is 
obvious that for raising commercial shrimps in SW region, snails are being depleted 
alarmingly not only in the region, but across the country as well. 

4.7.4 Mud crab collection

Crab is an edible aquatic resource that plays a vital role in earning foreign currency of
Bangladesh. In 1977, for the first time Bangladesh exported living crab and earned 
US$ 2000 (approx). In 1992-93 this earning jumped up to US$ 3780000 and later in
1999-2000 it raises more from this sector. According to a statistics of Sundarbans 
Division of Forest Department 610 metric ton crab was harvested from Sundarbans 
between 1995 and 2000. Collection of mud crab has also been identified as a major 
activity particularly by resource poor households (Photo 4.7). About 50000 people of
Khulna, Bagerhat and Satkhira coastal region depends on this resource by consuming, 
selling and exporting crabs that are harvested from the rivers and canals of coastal belt. 
October - February is the high time for crab harvesting. Fig. 4.17 shows the trends of 
mud crab collection from the Sundarbans since 1984-85. During that time the amount 
collected was only 10 tons, which grew up to around 1300 tons in 2007-08, although 
there were several declines, and at the same time, the data provided by the Forest 
Department seemed inadequate and inconsistent. However, mud crab collectors were
interviewed in Buri Goalini in Shyamnagar. The reported that due to high demand abroad, 
more and more people, particularly landless people are being engaged in mud crab 
collection. As a result, mud crab population has also been declining. No proper attention 
unlike economical importance is given by now on sustainable development of this 
precious resource. No records are been kept on the number of crab species that we 
harvest, consume and export. No investigation on the Sundarbans crab species whether 
there are endangered sp. or not and what are the causes behind endangered ness.

Besides, there are growing incidence of shark hunting in the estuaries as well as in the 
shallow coastal seas in recent years. There are also growing evidences of indiscriminate 
hunting of spotted deer, king storks, and other wild lives with the help of insecticides, 
poisons and other sedatives in and around Sundarbans.
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Fig. 4.17 Trends of mud crab collection from the Sundarbans (Source: Forest Dept.).

  

Photo 4.4 (a, b) Shrimp post larvae collection from rivers alongside Sundarbans.

  

Photo 4.5 (a) Women and children are separating snail flesh out of the shell; (b) Empty 
shells stored to be grinded as fish and poultry feed.
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Photo 4.6 (a) Grinding process of snail shells; (b) Stockpile of fish and poultry feed made 
from shells.

   

Photo 4.7 (a) Collection and (b) marketing of mud crab.

4.7.5 Timber and firewood collection

The official figures of timber and firewood collection from Sundarbans reserved forest
shows that collection of both these items declined considerably after 1996 (Fig. 4.18) due 
to government restrictions and ban. However, it was revealed from FGD with forest 
resource collectors at Shyamnagar that the amount of timber (Photo 4.8) and firewood 
(Photo 4.9) collection has increased manifolds over recent years. Similar trend was also 
unveiled in case of firewood collection from Chakaria reserved forest. Tender trees were 
found to be cut illegally from the forest and stockpiled in open place for selling as 
cooking fuel (Photo 4.10). The reasons behind such over exploitation as reported by the 
local people are that in recent times due to severe biomass fuel crisis, unemployment as 
well as labour displacement from agricultural activities, local poor people have become 
heavily dependent on forest resource collection. The notable fact was that, mostly the 
resources are collected illegally as well as many times over the ceiling permitted by the 
Forest Department.
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Fig. 4.18 Timber and firewood collection from SRF (Source: Forest Department).

Photo 4.8 (a, b) Timber collected (a) from Sundarbans and (b) from local villages.

     

Photo 4.9 Gol pata (thatching material) and firewood collection from Sundarbans.
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Photo 4.10 Open trading of immature tree saplings illegally harvested from the reserved 
forests in Chakaria.

4.8 Industrial and Commercial Activities

4.8.1 Industrial activities

Industries and manufacturing plants have been growing throughout the coastal region. 
The main reason is port facilities, availability of raw materials and cheaper price of land. 
The statistics of industrial facilities in the coastal region has been shown in Table 4.5.

Table 4.5 Region-wise number of industrial establishments and polluting industries 
Region No. of 

Establishments
Textiles, 
apparels & 
tanneries

Paper, 
paper 
products & 
printing

Chemicals, 
plastic and 
petroleum

Non-metallic 
minerals 
manufactures

North West 4403 545 113 181 360
North Central 12133 4093 707 1242 733
North East 1117 55 20 47 132
South East 2518 346 68 83 549
South West 849 72 39 42 199
South Central 1408 128 29 77 157
South East 2506 475 102 231 229
Total 24934 5714 1078 1903 2359
Source: WARPO (2000)

Updated data were not available regarding the growth of industrial installations in recent 
years. However, available data for 1986 and 2001 indicated that industrial activities 
increased considerably throughout the coastal region, particularly in the districts under 
study (Fig. 4.19a; 4.19b).

The total number of industries in Chittagong is about 720.of which 370 are considered as 
major polluters. The main polluters are the pulp and paper, fertilizer and 
petroleum/refineries industries. Most of the industries are located on the banks of the 
Karnaphuli River and the Kaptai Lake. Around 300 industries are located in and around 
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Khulna city of which, 290 are considered as major polluters, currently discharge huge 
amount of liquid waste into the river Bhairab. These pollutants may be contributing to the 
“top dying” disease of the tress in the Sundarbans in addition to causing serious damage 
to both freshwater and marine ecosystems. Besides, there are growing number of 
industries in Mongla Export Processing Zone on the bank of Pashur river which stretched 
across the Sundarbans (Photo 4.11a,b). 
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Fig. 4.19. Industrial development in four districts under study. (a) All sectors covering 
manufacturing, trading, financial, community, social & personal and others; (b) 
Manufacturing units only. 

    

Photo 4.11 (a, b) Industrial plants in Mongla, Bagerhat.

4.8.2 Shrimp processing plants

At present around 140 shrimp processing plants are in operation in Khulna region alone. 
Also, there are around 60 processing plants in Cox’s Bazar. All these processing plants 
including shrimp hatcheries (Photo 4.12) use a variety of chemicals and reagents during 
hatching and processing activities (Photo 4.13a). Investigation revealed that all the 
treated wastes are returned to the rivers. So, it is anticipated that the chemicals used in all 
the shrimp hatcheries and processing plants are polluting river water. Visiting one shrimp 
processing plant in Shyamnagar revealed that the plant uses chlorine water during 

(a) (b)



73

cleaning of the production lines. The owner reported that effluents are treated in effluent 
treatment plant (ETP). But field investigation revealed that the ETP was a tiny prototype 
and was never been in operation (Photo 4.13b). As a result all the wastes and disposed off 
shrimp heads were found to be released directly into river (Photo 4.14).

      
Photo 4.12 (a) Shrimp processing plant; (b) Shrimp hatchery and Nursery.

    
Photo 4.13. (a) Chemicals and reagents used in shrimp hatchery; (b) ETP facility in idle 
condition in a shrimp processing plant in Shyamnagar.

Photo 4.14 Wastes dumped in Jamuna river from the shrimp processing plant in 
Shyamnagar.
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4.8.3 Ship breaking activities

Ship breaking is the process of dismantling an obsolete vessel’s structure for scrapping or 
disposal. Conducted at a pier or dry dock or dismantling ship, it includes a wide range of 
activities, from removing all gears and equipment to cutting down the ship’s 
infrastructure. Ship breaking is a challenging process, due to the structural complexity of 
ships and the many environmental, safety, and health issues involved. The ship breaking 
industry started in the country in 1971 and ballooned since 1980 with a huge involvement 
of resources. Currently 1.5 million tons of scrapped iron is produced by scrapping the 
ships per year. At present there are around 54 ship breaking yards operating in an area 
over 14 km along Fauzdarhat to Kumira Coast (Photo 4.15). Every year around 90 
vessels are dismantled here (Photo 4.16). Growth of ship breaking in recent years has 
been shown in Fig. 4.20. It might be mentioned that Chittagong Ship breaking yard is the 
world’s second largest with around 52% of the large ships being dismantled here.

Various refuse and disposable materials are being discharged and spilled from scrapped 
ships and often get mixed with the beach soil and sea water which in turn has a negative 
impact on our coastal environment and biodiversity (Photo 4.17a). In the course of 
dismantling old ships, a variety of poisonous chemicals is released to the environment. 
They include polycyclic aromatic hydrocarbons (PAHs), heavy metal ions, PCBs and 
TBTs (from paints), and even radioactive elements. Poisonous gas is leaked out while 
breaking platform of large oil tankers. Workers work under primitive and hazardous 
conditions in these yards without any protective measures (Photo 4.17b).
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Fig. 4.20 Growth of ship breaking activities in Sitakunda coast, Chittagong.
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Photo 4.15 Aerial view of ship breaking yards in Chittagong (Source: DNV, 2000).

  

Photo 4.16 (a; b) Dismantling process of large ships.

    

Photo 4.17 (a) Workers are at work in a ship breaking yard; (b) Waste disposed off in the 
inter-tidal zone.

a b

a b
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4.8.4 Brick burning

Brick burning activity has been growing all over the coastal region as well as in the study 
areas due to increases in settlement and infrastructures. Inventory of brickfields have 
been shown in Table 4.6. A total of 51 brick fields were found in operation in the study 
areas. Brick fields require quality soil. Almost all of these fields were found to use crop 
land soils as input for brick burning. A total of around 3000 tons of top soils were found 
to be used as input for brick making in these areas (Photo 4.18; 4.19). All the kilns were 
built in cultivable lands near human settlement areas. Most brick field uses firewood as 
the major source of fuel, although the owners declared during the time of registration that 
they will use coal as fuel. During survey they also did never confessed about use of 
firewood, rather they reported that they use coal. However, surveillance revealed that the 
statement was simply not true. In every instance these fields were found to use firewood, 
stubbles of big trees, bamboo roots, etc. (Photo 4.20).

Table 4.6 Inventory of brick burning activities in the study upazilas
Parameter Upazila Total Average

Shyamnagar Paikgacha Chakaria
Total No. of brick fields 17 26 08 51
Soil source (%)
Crop land
River bank
Hill

100
-

75
25

80
-

20
Total 100 100 100
Soil use (ton/year) 671 1050 1213 2934
Fuel type (%) OR*
Coal
Coal + firewood
Firewood

86
14
-

29
43
28

90
-

10
Fuel type (%) FI**
Coal
Coal + firewood
Firewood

10
-

90

10
-

90

20
-

100
Fuel use (t/yr) 190 276 300 766

* OR = Owners response; ** FI = Field investigation
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Photo 4.18 (a) Large brick field in operation, (b) Small brick field in operation.

  

Photo 4.19(a,b) Soil encroachment from crop fields and river banks for using in brick
making.

    

Photo 4.20 (a) Stockpiles of firewood waiting to be used in brick fields; (b) Bamboo roots 
are being taken to brick field.
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4.8.5 Tobacco curing

Tobacco cultivation has been gaining momentum in the foothill areas of Chakaria and 
other Hill Tract districts due to cheaper lands as well as easy availability of firewood for 
curing of tobacco. The total area under tobacco cultivation in Cox’s Bazaar district is 
around 1300 ha, but tobacco cultivation is mainly concentrated in Chakaria where almost 
1000 ha are currently under cultivation, and this area is expected to increase since 
farmers got good price last year. In Chakaria tobacco cultivation is mainly concentrated 
in Kakra, Manikpur, Surojpur, Boroitoli, Maijgona Unions in the eastern side of the 
Upazila. The main reason is the easy access to firewood from reserved forest which is 
essential for tobacco curing. Leaf production in 2007 was around 2900 tons in Chakaria 
alone. There are around 800 curing houses in Chakaria (Photo 4.21). Curing houses in 
Chakaria used around 4800 tons of firewood as fuel material in 2007. A recent report also 
reported about existences of around 4000 curing houses elsewhere in Cox’s Bazaar and 
Rangamati which used to burn around 20000 tons of firewood annually (Anon, 2009b). 
The main sources of firewood used for curing are the reserved forests of Chakaria. All the 
firewood is collected illegally by clearing these reserved forests. Since the giant tobacco 
companies are trying to intensify tobacco cultivation in Cox’s Bazaar and Hill Tracts 
region it is anticipated that trends of growth of tobacco cultivation will continue to grow 
leading to more curing of tobacco and more encroachment of the remaining reserved 
forests in the region.

Photo 4.21 (a, b) View of typical tobacco curing houses.

4.9 Settlement, Communication Infrastructure and Transport

4.9.1 Settlements

Another anthropogenic cause identified was the expansion of settlements including 
housing, settlement (Table 4.7) as well as road network. Settlement infrastructure has 
been increasing across the entire coastal region (Fig. 4.21). Between 1998 and 2008 areas 
under housing and settlements have increased considerably in all the Upazilas except 
Rampal. The highest increment was noticed in Chakaria Upazila. On the other hand, 
Rampal was lagging behind. The main reasons were population in Rampal is still lower 
than in other Upazilas.

a b
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Table 4.7. Present statistics of settlements in the study areas

Structure/installation Number

Parameter Shyamnagar Paikgacha Rampal Chakaria

Pucca house 20000 17500 6817 16600

Semi Pucca house 27500 22000 15149 28220

Kacha house 36992 18225 20357 18220

Educational institutions 424 288 422 203

Commercial enterprise 250 200 100 300

Factory 226 308 104 842

Religious Centre 511 213 274 712

Gov. institutions 95 72 46 19

Non- gov. institutions 33 28 15 31

Source: Upazila Statistical Offices
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Fig. 4.21 Growth of settlements in the study upazilas over time.

4.9.2 Communication infrastructures

There have been considerable developments in communication infrastructures in the 
coastal region as well as in the study upazilas. Table 4.8 shows the summary of road 
networks under different categories. The highest growth in road network was found in 
Shyamnagar, being closely followed by Chakaria. However, road networks in Paikgacha 
and Rampal were not much developed as in the former two. Time interval data on growth 
of communication infrastructure were available for the Upazilas. Data indicated that both 
paved and semi paved road networks have increased considerably over a period of seven 
years (Fig. 4.22). Growth of settlements and road infrastructure are indicators of 
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development. However, it is also fact that, as the new infrastructure is built; added 
pressure will be on the cultivable land area.

Table. 4.8. Communication infrastructure in the coastal region

Category Length (km)

Shyamnagar Paikgacha Rampal Chakaria

Area (km2) 432.12* 383.87 277 503

LGED Road network

Paved 72.79 42.59 70.23 190
Unpaved 770.15 289.06 355.34 417

Semi-paved 42.55 108.83 66.40 207

Total 885.49 440.48 491.97 814
R&H road network 59.00 40.00 32.00 100.00

Total road 944.49 480.48 523.97 914.00

Road density (paved + semi-paved) 0.40 0.50 0.61 0.99

Road density (unpaved) 1.78 0.75 1.28 0.83

Total road density (km/km2) 2.19 1.25 1.89 1.82

* Excluding Sundarbans Mangrove Forest area.

(Source: R & H; LGED).
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Fig. 4.22 Growth of road infrastructure in the study upazilas over time.

4.9.3 Transportation

In recent years there were considerable growth in both road and marine transportation. 
However, the major growth was in marine transportation in the whole region. Estimated 
number of road and marine transport vehicles in four Upazilas have been shown in Table
4.9. Data indicated that the number of road transport was the highest in Chakaria, while 
the number of marine transport was the highest in Shyamnagar. On a wider scale, 
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Chittagong port deals with around 1500 vessels every year in addition to it 40 oil tanker, 
2500 registered vessels and hundreds of unregistered mechanized river crafts and fishing 
boats are using the river and the coast  of Bay of Bengal regularly. Mongla port deals
with 1,500 to 1,600 vessels and 12,000 to 13,000 cargoes annually. At present there are 
over 44000 mechanized boast operating in the shallow coastal water of which only 6000 
have registration. There are almost 200 fishing trawlers against a permitted number of 88 
only. 

Table 4.9. Transport statistics of the study upazilas

Parameter Number
Shyamnagar Paikgacha Rampal Chakaria

Road
Bus 77 120 40 250
Truck/Lorry 30 100 28 650
Jeep/Car 80 60 22 400
Tempo/Nosimon 880 350 250 310
Rickshaw/Van 8800 12900 10500 12500
Motor Bike 18000 10000 10500 16500
Total Road 27867 23530 21340 30610

Marine
Mechanized boat 8280 3870 4500 1250
Country boat 4220 1500 4200 1550
Total Marine 12500 5370 8700 2800
Source: Upazila Statistical Office; field level estimation.

The major consequences of marine transportation are the discharge of oils and other 
wastes which have been continuously polluting the coastal ecosystems. Spills result from 
accidents and intended discharges; they circulate to coastal areas by the semidiurnal tidal 
current. Oil spills pollute coastal waters and ultimately intoxicate the soil. Oil spills from 
these sources are a major threat to the marine resources. Approximately 400,000 tons of 
oils are spilled into the Bay of Bengal every year of which 6000 tons is contributed by 
Bangladesh. Bangladesh annually import s around 1.20 million tons of crude oil and 0.5 
million tons of refined oil. Major portion of this oil are transported to inland areas of 
Bangladesh through smaller tanker and also during lightening activities in the outer 
anchorage, a certain portion of the oil leaks into the sea. The Chittagong and Mongla 
ports are the main sources of oil pollution in the coastal zone. The Mongla situation is of 
special importance, since the port is about 80 km upstream of the Pashur River. The 
complete stretch from the Bay of Bengal towards Mongla port runs through the 
Sundarbans (Photo 4.22). Vessels operating through the Mongla Port use 2 million tons 
of oil annually as fuel. These vessels discharge waste oil and oil spillages, in addition to 
ballast water, sewage and waste (ESCAP/UN, 1987; Karim, 2008).
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4.22 (a) Ocean-going cargo vessels as well as (b) passenger ships frequently move 
through the Pashur river stretching between the Sundarbans.

b b
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CHAPTER 5

IMPACTS OF ANTHROPOGENIC ACTIVITIES ON NATURAL 
RESOURCES AND ENVIRONMENTS

Degradation of the coastal resources and environment started with the implementation of 
Coastal Embankment Project (CEP) between1960s-1980s (Islam, 2006). Unplanned 
coastal embankments altered the tidal behaviour of the coastal rivers and canals, raising 
of river beds through siltation and sedimentation and subsequent polderization of the tidal 
floodplains within the embankments. Unilateral withdrawal of Ganges water at upstream
added to the magnitude of degradation by reducing the flow of rivers connected to the 
Ganges, changing river morphology, decline in both surface and ground water resources, 
inward movement of salinity gradients and also arsenic contamination due to over 
exploitation of ground water resources in absence and/or reduced availability of surface 
water. Besides, polderization of floodplains and siltation of rivers and canals paved the 
way for widespread expansion of brackish water shrimp farming and its associated 
activities which added manifold to the degradation of natural resources and 
environments. Moreover, industrial and commercial activities, rapid growth in settlement 
and urbanization, road network and transportation, marine navigation, etc. also 
contributed to degradation of soil and water resources, adversely impacting agriculture 
potential of the region. In this chapter the impacts of all these activities on natural 
resources in the coastal region of Bangladesh have been discussed.

5.1 Impacts on Land Availability
Available land area has been declining throughout the coastal region as in other parts of 
the country. Human population growth plays the major role behind decrease in available 
land area. Projected human population growth in four study upazilas up to 2030 has been 
shown in Table 5.1. During this time frame 50-105% increase in human population will 
put increased pressure on available land area. Since the land area is constant, available 
land area has been gradually declining. It was evident that by the year 2030 per capita 
land area will go well below around 0.056 ha which means a decrease by around 33-51% 
during the same time frame (Table 5.1). The implication is clear, i.e. reduction in 
available crop areas, water bodies, homestead areas. The ultimate impact will be reduced 
production potentiality in the coming years. Total population in the region was 35.1 
million in 2001 with per capita productive land of 0.056 ha. The projected population in 
2050 will be around 57.9 million (at annual growth rate of 1.36% between 1991 and 
2001) with estimated per capita land availability of only 0.025 ha (PDO-ICZMP, 2004a). 
Under the context of growing population, decrease in productive land area and changing 
environment serious concern arises regarding food security in the region in the coming 
decades.
Table 5.1. Change in population and per capita land area
Upazila Population % Change at current 

growth rate
Land/cap (ha)* % 

Change2001 2030* 2001 2030**
Shyamnagar 313781 497215 59 0.138 0.086 -37.68
Paikgacha 248112 507738 105 0.155 0.076 -50.97
Rampal 178503 267114 50 0.155 0.103 -33.55
Chakaria 336198 650112 93 0.109 0.056 -48.62

* Excluding reserved forest; ** Estimated.
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Brackish water shrimp farming has been found to increase in the region as a whole as 
well as in the study Upazilas. Although, the rate of increase had reached a plateau in 
recent years, however, it is anticipated that with the increase in salinity more and more 
crop lands will become unsuitable for crop agriculture. As a result more and more areas 
will be brought under shrimp farming as well as other non-agricultural purposes (Photo 
5.1). The resultant effect is more and more decline in net cropped area. Fig. 5.1, 5.2, 5.3 
and 5.4 show the status of land utilization in the study Upazilas. In all the cases net 
cropped area decreased over time. In Shyamnagar, and Rampal single cropped area 
dominates since the land areas are suitable mainly for T. Aman rice as it was also evident 
from cropping intensity. In Paikgacha, however, land under single cropping has been 
declining, rather double cropped area has been increasing as evident from the increase in 
cropping intensity. In Chakaria double cropped area dominates the land use pattern and 
also there was a substantial growth in triple cropped area which was manifested in the 
highest cropping intensity in this upazila compared to other three Upazilas.  It was 
evident that cropping intensity has been steadily increasing in these areas since net 
cropped area has been declining.
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Fig. 5.1 Land utilization in Shyamnagar (Source: DAE).
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Fig. 5.2 Land utilization in Paikgacha (Source: DAE).
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Fig. 5.3 Land utilization in Rampal (Source: DAE).
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Fig. 5.4 Land utilization in Chakaria (Source: DAE).

  

Photo 5.1 (a, b) Encroachment of agricultural land to raise settlement.

a b
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In addition to growth in human population and brackish water shrimp farming, growing 
industries and commercial activities, settlements and road networks are also likely to 
increase pressure on available land area. So, it was obvious that available land area would 
decline, and the main pressure would be on agricultural lands.

5.2 Impacts on Water Resources

5.2.1 River siltation and sedimentation

Coastal embankments were constructed with the aim to protect agricultural lands from 
salinity intrusion. Initially the project gave good results, as the farmers were able to 
produce two or even three crops in a year and the productivity was also high. But the 
problems were slowly building up underneath the candlelight. There are 120 rivers in the 
Southwest and Southeast regions of Bangladesh. These rivers follow a unique diurnal 
tidal behaviour. An enormous volume of tidal water used to be stored in the floodplains 
during high tides which allow sediments in suspension to be deposited over the 
floodplains. During the ebb tide, the stored water is drained out through the tidal rivers 
providing a ‘flushing action.’ This process of tidal flooding and drainage occurs twice a 
day. As a consequence of the coastal embankments in the region, around 2000 million 
cubic meters of flooding volume has been lost during the high tide (Halcrow, 1993). The 
result of this enormous decrease in tidal volume is that the water level drops quickly 
during ebb tide, and both the ebb tide velocity and the low water depth have decreased. 
This resulted in siltation in the river causing a gradual rise in the river beds. Continuous 
siltation and in absence of any management approaches worsened the situation of river 
siltation over years (Photo 5.2; 5.3; 5.4).

Upstream withdrawal of water from Ganges added significantly to the magnitude of 
siltation and sedimentation process. The siltation of coastal rivers and canals were 
somehow counteracted by the upstream flow. But withdrawal of Ganges water reduced 
the amount as well as velocity of upstream flow, thus reducing the flushing capacity of 
Ganges and its distributaries. The main distributaries of the Ganges in Bangladesh are 
Baral, Gorai, Arial Khan, Bhairab, Mathabhanga, Kumar, and Ichamoti. Distributaries 
have daughter distributaries. The daughter distributaries are Musa Khan, Madhumati,
Pashur, and Kabodak. The weak flushing power in the Ganges, and consequently in the 
Baral and Gorai, has favored the formation siltation in all these rivers over the years. 
Prakash (1998) reported a sediment deposition of more than 20 m at the Farakka Barrage 
point in 22 years (1975–1997). A proportionate amount of sediment has accumulated 
elsewhere in the downstream of Ganges and its distributaries. Continuous siltation due to 
reduced flow has led Ganges as well as Gorai to almost dead (Photo 5.5). Death of Gorai 
river also affected its tributaries, canals, and other open water bodies directly through 
drying up process. Adel (2001) also showed that the pre-dam perennial surface water
source has been about 50% perennial and 50% seasonal in the post-dam era. Majority of 
the channels in the area were almost dead due to siltation. Eventually, siltation problem 
of tidal rivers has been spreading progressively southwards i.e. seawards gradually 
affecting the downstream areas of the coastal region. 
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Photo 5.2 Present condition of Kabodak river at Kopilmuni point in Paikgacha

   
Photo 5.3 Water depth in Daudkhali river in Rampal during ebb-tide

Photo 5.4 Siltation as well as encroachment of Jamuna river in Shyamnagar
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Photo 5.5 (a) Nearly dead Ganges river; and (b) Gorai, the main distributaries of Ganges.

5.2.2 Waterlogging and flooding

As discussed earlier embankments caused continuous deposition of silts in the river beds 
of the tidal rivers. Inside the embankments, the floodplains subsided due to non-
deposition of silt and gradually took the shape of lakes hence called “polders.” Gradually, 
within a period of 15 years, the river-beds rose higher compared to the crop lands within 
the polders (Photo 5.6), and the mouths of the sluices were also blocked by silt, as a result 
of which the monsoon rain water could not drain off, thus creating water-logging. Again, 
due to subsidence of the tidal floodplains, the sluice gates which were still operating 
could not be operated to drain out water from the polder areas to the rivers. Rather the 
sluice gates had to be kept closed since saline river water from relatively higher elevation 
would push through the gates. As a result, dry areas became permanently waterlogged. 
Gradually, this water-logging became a permanent feature of the entire SW region, 
spreading gradually from the north to the south. Initially water logging was developed in 
Beel Dakatia in the SW region. Inadequate drainage facilities of the monsoon water 
created subsequently permanent waterlogging on over 150,000 hectares of valuable 
agricultural land in eight Upazilas of Jessore, Khulna, and Satkhira districts (Photo 5.7). 
There are also pockets of waterlogged areas in Kalaroa upazila of Satkhira as well as 
Fakirhat and Mollahat upazilas in Bagerhat district. Another cause as identified earlier 
(Anon, 2006) behind increased drainage congestions in the region is the ill planned 
construction of road networks. Most of the roads are in the region are east-west direction 
whereas the regional slop and the drainage directions are in the north-south direction. 
These east-west roads are obstructing the natural drainage and are enhancing drainage 
problem, thus creating water logging.

Siltation in the tidal rivers, subsequent subsidence of the polder areas and drainage 
congestion due to coastal embankments have been identified as three major causes behind 
increased flooding in the SW region. Besides, withdrawal of Ganges water at Farakka 
was also blamed as an important reason behind flooding in the SW region. The increased 
occurrences of devastating floods was related to the siltation of river beds in the wake of 
dam and barrage construction that weakened river flow and also loosing the capacity to 
discharge huge quantities of flood water  (Adel, 2001). The burning example of river 
siltation and subsequent flooding in Kabodak river. This river has become the symbol of 

a b



89

sufferings of five upazilas of Jessore and Satkhira districts. Kabodak is the tributary of 
Bhairab river with a length of 180 km up to the Bay of Bengal. Bhairab river already 
dried due to siltation as an outcome of flow reduction in the Ganges as a result of water 
withdrawal. Since upstream part of Bhairab river died, Kabodak also now is a nearly dead 
river with no flushing action as well water pressure from the upstream. But siltation has 
been continuing for years during high tides. As a consequence Kabodak river has been 
causing flooding in the entire region every year causing sufferings of millions of peoples 
(Anon, 2009c). Another reason behind flow reduction in Kabodak was the construction of 
several bridges on the river in many places (Anon, 2009c). Dredging up to 40 km to 
revive its navigability was done in 2004-05, however, the results did not last for long. 
Dredging could not solve the problem of siltation since upstream pressure was nil and
siltation was a continuous process from downstream during tidal actions. Experts opinion 
in this regard was that only increase in flow in Gorai can solve the problem as flushing 
action will push silts further into the downstream.

Photo 5.6 Water level in the Kabodak river and adjacent polder area in Paikgacha (4 
pictures were taken side by side from equidistance1hour before full tide, later joined into 
a single picture).

   

Photo 5.7 (a) Waterlogging in Keshobpur, Jessore, and (b) Rampal due to coastal 
embankment and overtopping of river water in the polder areas after Cyclone Aila.

Besides, annual storm surges have also been causing flooding and water-logging in the 
polder areas (Photo 5.8b). As discussed earlier, river beds were raised comparative to the 
surrounding polder areas. So, it might be reasonably argued that, when the river bed is at 
relatively higher elevation than the surrounding polder areas, embankment will be more 

a b
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vulnerable since water volume will create more pressure from the area of higher elevation 
towards lower elevation, particularly during storm surges coupled with high tide.

Another cause behind weakening of coastal embankments is river erosion. River erosion 
is also a typical phenomenon in the coastal region. Due to obstacles in the course of 
normal tidal flow in between rivers and their distributaries and canals, embankment 
erosion has been growing across the region which also weakens the mud-made 
embankments (Photo 5.8). Meanwhile, BWDB built permanent sluice gates as well as
discharge outlets with flow regulation facilities on the embankments (Photo 5.9). But 
shrimp farmers created illegal sluice gates and water outlets adjacent to their shrimp 
ponds without any permission from the BWDB and even in informal collaboration with
them (Photo 5.10a). River water is poured into the shrimp farms through these water 
inlets. During field investigations hundreds of such illegal water inlets were identified 
which were many times higher than the official statistics (Table 4.1) as revealed through 
FGDs and personal interviews. One age old person during personal interview (Case study 
2, Appendix-25) described the problem in this way, “if you walk just a kilometer on any 
of the embankments, you will find hundreds of spots with soil erosion or soil subsidence, 
and you can be quite sure that there is an illegal water inlet underneath the embankment.” 
Soil underneath the embankment is continuously eroded due to lateral seepage of water 
through these inlets resulting subsidence of top soils (Photo 5.10b,c,d). Coupled with the 
effects of normal diurnal high tides and ebb tides as well as river bank erosion makes it 
vulnerable to tidal surges and even moderately strong tidal waves (Photo 5.10d). In 2008 
the entire Gabura Union in Shyamnagar was submerged under water due to collapse of 
the embankment in several places. The latest of that is the total washout of the 
embankments by tidal surges caused by cyclone “Aila” (Photo 5.11). The matter was 
investigated and it was revealed that the illegal water inlets created by the shrimp farmers 
was solely responsible for the collapse due to a medium strength storm surge. It was 
reported through mass media that among other reasons, the illegal water inlets were 
mainly responsible for making embankments vulnerable to even a medium strength tidal 
surge.

       
Photo 5.8 Embankment erosion on the bank of (a) Kholpetua river and (b) Arpangashia 
river in Shyamnagar.

a b
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Photo 5.9 (a) Permanent sluice gate and (b) discharge outlet built by the BWDB.

    

         
Photo 5.10 (a) Illegal wooden made water inlet; (b) Subsidence of top soil as well as erosion on 
the river side of the embankment; (c) Widened erosion; (d) Wash away during cyclonic storm 
surge.

    
Photo 5.11 (a) Embankment damaged by cyclone Aila in Gabura, Shyamnagar; (b) Local peoples 
at work to rebuild the embankment.

a b
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c d

a b
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Siltation and drying up of rivers and canals and other perennial water bodies eventually 
encouraged shrimp farmers for encroachment and conversion of these natural water 
bodies into shrimp farms. As discussed earlier, coastal embankments caused closure of 
many of the discharge sluices causing water stagnation in the small closed rivers and 
canals within the polder areas. Influential shrimp farmers, particularly absentee landlords
gradually took control of these water bodies both legally and illegally for shrimp farming. 
Government started leasing out the canals and rivers, and other water bodies e.g. beels, 
baors, (commonly called Jal Mohal) to the interested shrimp farmers. Eventually shrimp 
farmers closed these water bodies permanently, which aggravated the siltation problems 
in the main rivers furthermore. Tables 5.2 and 5.3 show the status of water bodies in four 
study upazilas. Data indicated that most of the canals in the study upazilas were 
transformed into shrimp farms (Photo 5.12; 5.13). A summary of the impacts of 
anthropogenic activities on Jamuna river has been provided later in this chapter in Table 
5.9. Details about degradation of the rivers and canals in the study areas have been 
provided in Appendix 24.

Table 5.2. Status of rivers in the study Upazilas

Location Number Area (ha) Remarks

Shyamnagar 26 4591 Flow rate has been declining; river bed raised; 70-
75% dried up due to siltation and illegal cross dams

Paikgacha 28 3040 One river totally transformed to settlement during 
the early 1980s. Flow rate has been declining; river 
bed raised, and dried up in many areas due to 
siltation and illegal cross dams. 18 closed rivers 
have been transformed into shrimp farms.

Rampal 10 1689 Flow rate has been declining; river bed raised. More 
than 60% dried up in many areas due to siltation 
and illegal cross dams

Chakaria 02 1500 1 river completely dried up. Flow of Matamuhuri 
has declined substantially due to siltation.

Table 5.3 Status of other open water bodies in the study Upazilas

Location Number Remarks

Canal Beel Pond

Shyamnagar 131 44 3552 All of the canals leased out to shrimp farming by 
government agencies. 19 beels/haors have already dried 
up. Rest of the beels were transformed to shrimp farms. 
Majority of homestead ponds are dried up and became 
unsuitable for drinking water as well as fish culture.

Paikgacha 132 55 6018 63 canals has been leased out to shrimp farming by 
government agencies. Majority of the ponds are dried up 
and became unsuitable for fish culture.
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Rampal 154 30 11692 53 canals have been leased out by Government agencies. 
100 remaining canals are under processing of lease 
arrangement. Around 50% of the ponds are dried up.

Chakaria 74 8423 4 canals totally dried up; 30 are leased out used for 
shrimp cultivation by government agencies. Around 30% 
of the homestead ponds are unsuitable for fish culture as 
well as drinking purpose.

Source: Dept. of Youth development; Field level estimation.

    
Photo 5.12 Chuna river transformed into shrimp farms in Atulia, Shyamnagar.

    
Photo 5.13 Transformation of (a) Nasirpur canal in Paikgacha and (b) Porakatla canal in 
Shyamnagar into shrimp farms.

5.2.3 Decline in surface water resources

Withdrawal of water from Ganges has drastically affected Ganges river flow, particularly 
during dry season (Fig. 4.3; Photo 5.4a). In addition to reduction in river flow, upstream 
withdrawal of water caused reductions in surface water reserves throughout the 
downstream flood plains in Bangladesh. About 60% water diversions by Farakka Barrage 
caused a 50% drop in the surface water availability and a proportionate drop in the 
recharging ground water (Adel, 2001). Fig. 5.5(a, b) illustrated the cumulative areas of 
floodplains versus the monsoon-season (mid-August to mid-September) average water
depths for pre- and post-Farakka periods. Floodplains that used to have water for 12 
months within depths of 1.1 to 2.2 m, 10 to 11 months within depths of 0.70 to 1.10 m, 
and 8 months within depths of 0.25 to 0.60 m, can now have water for 6, 4, and 1 to 3 

a b
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months, respectively, making an overall spatial and temporal drop of about 50% and a 
drop in ground water recharging.

The U.S. Geological Survey recognizes surface water and ground water as a single 
resource (Winter et al., 1998). Filling of surface water resources and the recharging of 
ground water would occur during June through October. Every year the ground water has 
been sinking by at least 0.5 m (Adel, 2001). Although the drop in water table varies from 
place to place, a comparison of the depths of recently and pre-dam installed tube wells 
suggests about a 10-m drop in water table. Lowering water levels in the Ganges and other 
rivers and streams have seriously affected the groundwater level. The Department of 
Public Health Engineering conducted a survey in 1992 that shows the water table has 
dropped to 23 feet from its pre-diversion level. 

The implications of Ganges water withdrawal are multifarious, e.g. depletion of natural
wetland ecosystems causing destruction in breeding and raising grounds of the Gangetic 
fishes and an increased malnutrition among the people. The water shortage has affected 
generations-old farming practices and river based livelihoods. Also, the situation has 
deprived the annual addition of organic matter to the soil. 

  

Fig. 5.5 (a) Comparison of the monsoon season and (b) Dry season water depths for 
ponds in pre- and post-dam days. (Adel, 2001).

5.3 Increase in Soil and Water Salinity 

With drainage congestion and water logging as an outcome of coastal embankment, 
salinity started to build up in the polder areas across the south-western region and 
agricultural lands became unsuitable for crop production. Particularly, after every 
cyclonic storm surge, polder areas become marooned with saline river water. Due to 
drainage congestion this water cannot move out to the river, resulting increase in water 
salinity within the polder areas. Meanwhile upstream withdrawal of Ganges water also 
played a significant role behind quantum increase in soil and water salinity by reducing 
upstream flow and thus pulling the salinity gradient further inland. Salinity problem was 
further aggravated by the nature of brackish water shrimp farming. During the early era 
of shrimp farming the same pond was used for shrimp farming as well as Aman rice 
cultivation. Very high (the then) economic return from shrimp encouraged shrimp 
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farmers to produce shrimp year round. It encouraged them to store saline water 
permanently in the shrimp ponds. Water stagnation coupled with increase in water 
salinity also became blessings for the shrimp farmers. Gradually salinity increased 
beyond tolerable limits for rice and other vegetation. Fig. 5.6 shows the field 
measurement of top soil salinity throughout the year in the study areas. Salinity followed 
the usual peak during April May period and tends to decline from June onwards as a 
result of monsoon rainfall and sweet water pressure from the upstream, and this is the 
usual phenomena for the region. But the notable fact was that the peak during April-May 
period approached above 20-25 dS m-1, particularly in Shyamnagar and Paikgacha areas. 
Fig. 5.7 shows the trends of top soil salinity in Khulna Bagerhat region since 1990. From 
the figure it was also evident that April-May peaks were contained within 10 dS m-1 until 
1995-96. But afterwards this peak has been inclining above 20 dS m-1 level frequently 
since 1999 and the trend continues to grow. Similar was the case with lean values of 
salinity during monsoon period. The lean values during 1990s were well below 5 dS m-1

during July-December period, but afterwards the value climbed above 5 dS m-1. Gradual 
expansion of salt production activities in Chakaria has also been causing increased 
salinization of soils as well as decreasing land area suitable for agricultural crops (PDO-
ICZM, 2004b: IUCN, 2005).

Similar trend was revealed from the field level measurement of river water salinity in the 
SW region (Figure 5.8). Long term trends in river water salinity measured by SRDI 
(Figure 5.9) also matched with the field estimates for the SW region. The notable fact is 
that the magnitude of incline in April-May peak was more severe than in the case of top 
soil salinity as evident from Fig. 4.5 and 4.6. However, salinity level in Matamuhuri river 
in Chakaria was under acceptable level. The reason was that this river mainly originated 
from the Hill tracts and has been flowing from comparatively higher elevation to the 
lower elevation towards its catchment area in the south of Chakaria. It might be 
mentioned that water salinity level at 0.75 dS m-1 and above is harmful for rice 
cultivation (Table 5.8). 
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Fig. 5.7 Long term trends in top soil salinity in Khulna and Bagerhat Districts (Source: 
SRDI).

Fig. 5.8 River water salinity measured at field level in selected rivers in the study 
Upazilas.
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Fig. 5.9 Long term trends in river water soil salinity in Satkhira, Khulna and Bagerhat Districts 
(Data source: SRDI).
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Table 5.4 Water suitability class based of salinity level

Salinity class EC (dS m-1) Suitability 
class

Salinity level (EC)

dSm-1 ppm

Non-saline > 2 Safe < 0.75 < 480

Very slightly saline 2-4 Harmful 0.75-3.00 480-1920

Slightly saline 4-8 Highly harmful > 3.00 > 1920

Moderately saline 8-12

Highly saline 12-15

Very highly saline > 15

(Source: SRDI, 2001).

As mentioned earlier, Farakka barrage has been playing a major role behind quantum 
increase in river water salinity in the SW region. Abdullah and Shahabuddin (1993) 
reported earlier that soil salinity in Khulna region increased from a level of 380 mmhos to 
29500 during a period from 1974-1992, which they blamed Farakka barrage for. Also, 
salinity level of 500 mmhos engulfed an area of 12000 square miles in 1992 compared to 
7000 square miles in 1974. Very recently, Islam and GNAUCK (2008) indicated that 
Farakka barrage was responsible for rise in water salinity in the major rivers in the SW 
region (Fig. 5.10). They also showed that as Ganges water flow declined, salinity grew up 
in Pashur river a period between 1968 and 2006 indicating an inverse relationship 
between them (Fig. 5.11). These findings clearly indicated that Farakka is a major 
anthropogenic cause behind degradation of natural resources and environments in the SW 
region of Bangladesh, and will remain so unless a permanent as well as meaningful 
solution is reached regarding the water sharing of Ganges.

Fig. 5.10 Water salinity before and after construction of Farakka Barrage (Islam and GNAUCK, 
2008).
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Fig. 5.11 Relationship between Ganges water flow and salinity in Pashur river at Mongla Port 
(Islam and GNAUCK, 2008).

5.4 Decline in Soil Fertility

Decline in soil fertility status was noticed in different types of soils in the study areas. 
The main reasons behind such decline was identified as increase in soil salinity, long
term submergence of crop soils as well as lack of replenishment of soils with cow dung 
and other organic materials. Table 5.4 shows the status of organic matter content in soils 
in the study areas. Data indicated that soil organic matter content was less than the 
reference value provided by BARC (1999) for the regions under study. Organic matter 
content declined by around 48% compared to 1999 level in Shyamnagar and Paikgacha, 
while the corresponding figure was 12% in case of Chakaria (Table 5.5). Field estimates 
also revealed a strong negative relationship between soil salinity and organic matter 
content throughout the study areas (Fig. 5.12), indicating adverse impacts of salinity on 
soil organic matter content thus lowering its fertility level. Brick fields have also been 
identified to indiscriminately use fertile top soils from the crop fields and vegetable 
gardens as input for brick making. In this process the fertile top soils are removed, thus 
reducing fertility status of the soils where majority of the crops distribute their root zones. 
Discussion with brick field owners revealed that they are bound to use crop field soils 
since saline soil deteriorates the quality of bricks.

Before construction of dykes tidal water could freely inundate the coastal lands 
depositing silt and clay. The salt deposited in the dry season was washed out with the 
onset of monsoon rains. After the introduction of shrimp farming saline water was 
retained on the land for much longer periods (round the year), which increased quantity 
of salts percolating into the ground. Consequently monsoon rains could not completely 
wash out salinity of the soil, only a thin top layer would be desalinized. Diminishing rates 
of desalinization for years together caused a net accumulation of salt on the top soils. The 
increased salt load replaced nutrients useful for plant growth. Besides this, year round 
inundation of land prevents free nitrogen fixation and thus mineralization is halted and 
soil fertility drops accordingly within 1-2 years (as cited by PDO-ICZMP, 2005).
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Table 5.5 Soil organic matter content in selected soil samples measured at field level

Location Organic matter content (%)

Shyamnagar Paikgacha Chakaria

Rice field 1.82 1.41 2.26

Vegetable garden 2.57 1.54 2.60

Home garden 2.06 2.54 2.82

Shrimp farm 2.06 1.92 1.94

Salt bed - - 1.89

Average 2.13 1.85 2.30

BARC (1999) >3.5 (Satkhira) >3.5 (Khulna) 1.7-3.5 (Cox’s Bazar)

% Change from 1999 -48.00 -47.14 -11.54

y = 39.456x-0.4594

R2 = 0.5684

0

5

10

15

20

25

30

35

40

45

0 5 10 15 20

Soil salinity (dS/m)

S
o

il
 o

rg
an

ic
 m

at
te

r 
(%

)

Fig. 5.12 Relationship between soil salinity and soil organic matter content in the study 
Upazilas (Source: Field measurement).

5.5 Pollution of Soil and Water Resources

Pollution of soil and water resources in the coastal region is also a major area of concern 
since growing number of industries; commercial activities as well as transportation 
systems all became the dominant features of the region.

5.5.1 Pollution from industrial activities

Many sectors has been identifying as causing degradation of soil and water resources in 
the study areas. Due to technical limitations water quality could not be analyzed. 
However, available literature revealed that soil and water degradation has been 
continuing as well as growing. Industries and other commercial establishments are 
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growing across the coastal region due to easy communication to the sea ports. These 
installations have been discharging wastes and pollutants in the rivers, which pollutes 
rivers, estuaries as well as marine ecosystems. High levels of organic, inorganic and 
radioactive pollutants in waste discharges from growing numbers of fish processing 
plants, industries and ship breaking yards were found to pollute the estuarine marine 
ecosystems (Karim, 2008; DoE, 2006; Islam, 2006; Hossain and Islam, 2006; Siddiquee, 
2004; Islam et al., 2002). Water of the Bhairab river at Nowapara-Fultala point in 
Abhoinagar upazila has been contaminated by chemical wastes from 20 industrial plants 
causing death of fish and making unsuitable for domestic use. 

There are a number of Textile mills in the coastal zone of Bangladesh. Most of these 
conduct wet processing operations, producing a liquid waste stream. Untreated textile 
mill effluents (TME) have been characterized as having extreme pH, elevated 
temperatures, and high concentrations of Biological Oxygen Demand (BOD), Chemical 
Oxygen Demand (COD), total suspended solids (TSS), oil, grease, and metals (ICZMP, 
2005). Secondary treatment of textile wastewaters reduces the pollutant concentrations in 
TMEs. All known releases of TMEs are ultimately to some form of water (rivers, lakes, 
estuaries, marine environments), whether they are discharged directly or through a 
wastewater treatment system. Because approximately 94% of wet processing textile mills 
are located in Chittagong, Barisal and Khulna, most discharges are predicted to be to the 
freshwater /marine water environments. TMEs are expected to partition mainly between 
the water and sediments in the receiving environment, with little partitioning to the 
atmosphere. Besides fish, untreated textile mill effluents have been shown to be toxic to a 
wide range of aquatic taxa including: freshwater mussels, crabs, and frogs, freshwater 
alga as well as diatoms, and bacteria. In Chittagong, the Karnaphuli river has already 
been over burdened with pollutants from the industries situated on its bank in Chittagong. 
According to a recent survey by People Rivers Defender (PRD) revealed that Karnaphuli 
river has turned into toxic dump due to indiscriminate industrial waste discharges. Water 
pollution from such discharges has already led 130 fish species extinct and another 15 to 
near-extinct among the 200 fish species inhabiting the Karnaphuli river (Chowdhury, 
2009). Besides, the polluted water has also been used as irrigation water on the both sides 
of the river, thus transferring the pollutants in the human food chain. However, growth of 
industries was not considerable in the study upazilas, rather concentrated in district towns. 
But the wastes and effluents are affecting the river ecosystems in the study upazilas since 
all the upazilas were located at the downstream of the district headquarters.
Shrimp processing plants mainly concentrated in Khulna and Cox’s Bazaar have been 
polluting the coastal rivers (Photo 4.14). 250 shrimp depots in Khulna have been 
releasing wastes directly into Bhairab river every day, thus polluting the river water.

5.5.2 Pollution from ship breaking activities
Oceangoing vessel, during dismantling, discharges every kind of pollutants i.e. liquid, 
metal, gaseous and solid pollutants. So ship breaking activities became perilous in respect 
of environment, human health and biodiversity. Major Persistent Organic Pollutants 
(POP’s) generated during ship breaking are Polychlorinated Biphenyl Compounds 
(PCBs), Dioxins, Polyvinyl Chloride (PVC), Polycyclic Aromatic Hydrocarbons (PAHs), 
Organotins, and Asbestos. Besides, heavy metals (e.g. mercury, lead, chromium, arsenic, 
and others) are also released in the environment during such operations.
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Ship scrapping activities pollute both soil and water resources in the coastal area of 
Chittagong. Growing expansion of ship breaking activities poses a threat to the 
continental shelf and the intertidal zone which already lost the natural attributes including 
mangroves and marine grasses (Hossain & Islam, 2004). An earlier study (Islam and 
Hossain, 1986) showed deterioration of the physiochemical properties of seawater within 
the ship breaking area compare to a control site (Table 5.6).

Table 5.6 Physico-chemical properties of sea water within and outside the ship breaking 
area 
Parameter Unit Concentration

Fauzdarhat Kumira Baraoliar Mazar (Control site)
Turbidity JTU 720 723 470
TSS (mg l-1) 4195 4038 2284
TDS (mg l-1) 1990 1982 1288
EC µS cm-1) 1600 1710 3036
Chloride (mg l-1) 470 502 789
Iron (mg l-1) 36.02 37.62 2.26
Ammonia (mg l-1) 2.67 2.92 0.26
DO (mg l-1) 4.10 3.90 6.36
BOD (mg l-1) 7.63 6.98 4.08
Oil (mg l-1) 10600 9280 Not done
Source: Islam and Hossain, 1986).

Moreover, a recent study (Siddiquee, 2004) also revealed the magnitude of pollution from 
ship breaking (Table 5.7). Siddiquee examined sediments from different locations within 
ship breaking areas and compared to the sediment obtained from a control site. Data 
indicated a manifold increase in trace elements in the sediments of the ship breaking 
yards compared to the control site (Table 5.7).

Table 5.7 Trace metal concentration in the affected sites of ship breaking activities 
Station Trace metal concentration

Fe (mg/g) Mn 
(µg/g)

Cr
(µg/g)

Ni
(µg/g)

Zn
(µg/g)

Pb
(µg/g)

Cu
(µg/g)

Cd
(µg/g)

Hg
(µg/g)

Salimpur 11932.6 2.64 68.35 23.12 83.78 36.78 21.05 0.57 0.015
Bhatiari 35216.35 8.25 86.72 35.12 102.05 122.03 39.86 0.83 0.02
Sonaichari 41361.71 6.89 78.36 48.96 142.85 147.83 30.67 0.94 0.117
Kumira 20971.86 2.32 22.89 25.36 119.86 41.57 28.01 0.59 0.05
Sandwip
(Control)

3393.37 1.8 19.0 3.98 22.22 8.82 2.05 0.19 0.02

Standard 27000a 1.17b 77.2a 56.1a 95.0b 22.8b 33.0b 0.115ab 0.02a
Legend: a = IAEA (1990); b = GESAMP (1982)
(Source: Siddiquee, 2004).

DNV (2001) reported heavy metal concentrations far above the background level from 
the soil samples within ship breaking area of Chittagong. Particularly for Copper (Cu), 
Lead (Pb) and Zinc (Zn), the values were high. The concentration of lead ranged from 
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4,232 mg/kg to 5,733 mg/kg where the background value is 144 mg/kg (DNV, 2001). 
The level of mercury ranged from 0.8 mg/ kg to 3.0 mg/kg, where the background value 
is only 0.1 mg/kg (DNV, 2001). The level of chromium found in the soil of ship breaking 
area ranges from 507 mg/kg to 568 mg/kg, where the background value is 144 mg/kg. 
Among the other heavy metals found in the ship breaking area of Chittagong are ,Cu 
ranges from 573 mg/kg  to 1211 mg/kg,  background value 51 mg/kg , Hg ranges from 
0.076 to 0.266 mg/kg  background value 0.05 to 2.0; Mn ranges from 1,792 to 2,321 
mg/kg,  background value 1363 mg/kg;  Zn ranges from 2,929 to 5,888 mg/kg,  
background value 144 mg/kg (DNV,2001). Recently the Marine Science Department of 
Chittagong University conducted a survey on water pollution at the coast of Sitakunda, 
where most of the ships are scrapped. The results of the survey indicated heavy pollution 
loads by high concentrations of chemicals: 0.5 to 2.7 ppm of mercury, 0.5 to 21.8 ppm of 
lead, 220 ppm of chromium, 0.3 to 2.9 ppm of cadmium, 2.6 to 5.6 ppm of iron, 5.2 to 
23.2 ppm of calcium and 6.5 to 10.57 ppm of magnesium. The Bangladesh water quality 
standards for some of these chemicals are 0.05 ppm for lead, 0.05 pp for chromium, 
0.005 ppm for cadmium, 1 ppm for iron, and 75 ppm for calcium (PDO-ICZMP, 2005).

Hossain (1989) identified higher levels of PCBs (28-180 ng/g) in commercially important 
marine shrimp & finfish species in Bangladesh coastal water. Analysis of soil from a 
steel plate re-processing in Chittagong ship breaking area found Monobutyltin (MBT) 
ranges from 1.9 to 0.72 mg/kg, Dibutyltin(DBT) ranges from 2.4 to 1.38 mg/kg and 
Tributyltin(TBT) ranges from 25 to 17 mg/kg, all in dry weight (DNV, 2000). Kannan et 
al (1995) also reported that elevated concentrations of organotins (0.47-190ng/g wet 
weight) in fish from Bangladesh could be related to ship-scrapping activities in the 
coastal areas.

The brick kilns in the study upazilas are polluting the air and thus causing the diseases 
among the local residents. The kilns, many of them located close to populated villages in 
violation of laws. Even workers in small brick kilns were found to work in a suffocating 
unhealthy environment. Brick fields discharge a huge amount of smoke, dust and ashes 
which spread out around a large area near the fields. The people living in the areas 
adjacent to the brick fields are always al the risk of being affected by respiratory 
problems. The thick layer of dust on the leaves of crops and trees bars the photosynthesis 
process, which may destroy the vegetation if continued for a long time. Environment 
experts say the kilns thus release deadly carbon monoxide and CFC gas that can cause a 
host of diseases to humans, particularly for the workers as well as harming the 
environment.

5.5.3 Oil pollution

One of the major environmental problems in the coastal zone is oil spill, which is killing 
fishes including their fries, and also destroying other aquatic living beings and sea birds.
Oil is a highly volatile compound composed of mainly hydrocarbon, sulfur containing 
compounds etc. Approximately 75% of the constituents of oil are hydrocarbons. The thin 
layer of oil on water surface hampers the nutrition and air-sea interaction of gases, 
affecting the location of planktonic food organisms. As a result of oils spills and bilge 
water from marine transportation, accidental oil slicks and breaking of the ship, soil and 
water in the coastal areas are being continuously polluted. Hossain and Islam (1986) 
detected between 10,600 and 9,280 mg/l oil in water samples from the ship breaking 
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yards of Chittagong (Table 5.5) while Khan (1994) detected 239 and 248 µg/l of PHC 
(petroleum hydrocarbons) in sea water from the same area. PDO-ICZMP (2005) also 
reported about the minimum phytoplankton growth in the oil polluted Karnaphuli river 
estuary. The poly aromatic hydrocarbons (PAH’s) present in the crude oil are persistent 
and carcinogenic, have a tendency to be biologically accumulated in fish tissues and can 
pass in turn to organisms of higher trophic levels in the food chain. 

Oil pollution has also serious damaging impact on mangrove ecosystems and marine 
resources. Likely sources of oil pollution in the Sundarbans are Mongla port on the 
northern edge of the mangrove forest, and the numerous large shipping vessels, which 
pass through the Sundarbans every day via northeast-shipping route. Oil spills have been 
causing increased mortality to mangrove trees, and damage to nursery ground of marine 
fish and crustaceans in the swamps. The phenumatophores (breathing roots) of the trees 
covered by thick tar of oil resulting in defoliation and it is anticipated that with the 
increase in port activities consequent increase of accidental oil spills, the mangrove of 
Bangladesh and its ecosystem may be irreversibly damaged. It was also reported that 
Bangladesh has sustained a loss of over US$ 100 million owing to 1,440,000 m3 of 
timber loss caused by the death of Sundri tree alone since 1976 (ESCAP/UN, 1987).

5.5.4 Pollution from agro-chemicals

Pollution from agriculture mainly results from the use of agro-chemicals i.e. fertilizers 
and pesticides with special emphasis to urea fertilizer and insecticides. Trends and 
patterns of urea fertilizer use as well as insecticide use have been discussed earlier 
(Chapter 4). Discussion meetings with peoples, NGO workers and DAE officials revealed 
that farmers mostly rely on agro-chemicals dealers for the use of fertilizers and pesticides 
in their crop fields. Indiscriminate and excessive use of agro-chemicals in increasing 
amount has been causing surface water pollution in the tidal floodplains in the coastal 
region. DDT, aldrin, dieldrin, endrin and heptachlor and other highly toxic pesticides 
(Dirty Dozen) are indiscriminately used by the farming community. Over 4520 tons of 
pesticides are being used in the agricultural areas of the coastal districts 25% of which 
may reach surface water system as residue during rainy season (DoE, 2006; FRI, 1994; 
ESCAP/UN, 1987). It is apprehended by scientists that fish mortalities in the open water 
of Bangladesh have occurred due to uncontrolled use of pesticides. 

The discharge of nutrients into coastal waters is a major cause of eutrophication. Nutrient 
enrichment is an increasing concern in the coastal region of Bangladesh. The main 
nutrients are nitrogen and phosphorus compounds, and they enter coastal waters from 
point and non-point sources. The release of inorganic nutrients (nitrogen and phosphorus) 
from MV rice farming as well as intensive shrimp farming has the potential to cause 
nutrient enrichment and eutrophication of semi-enclosed coastal embankments and that of 
organic compounds together with components of diet could influence the growth or 
toxicity of phytoplankton blooms (PDO-ICZMP, 2005). In extreme cases, anoxic 
conditions may develop with the release of carbon dioxide, methane and hydrogen 
sulphide. In addition to the oxygen demand by the cultured species, wastes and bio 
deposits released by a farm have a high biochemical oxygen demand. Eutrophication may 
cause algal blooms, changes in the aquatic community structure, decreased biological 
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diversity, fish kills and oxygen depletion events. Although urea fertilizer is commonly 
assumed to be retained in soils, there is growing evidence of urea transport to sensitive 
coastal waters (Glibert et al.2005). There is also mounting evidence that urea 
differentially stimulates the growth of some types of phytoplankton in coastal waters and 
that it may, under some conditions, promote a shift in phytoplankton species to organisms 
that are more noxious to the ecosystem and to human health (Berg et al.1997, 2003; 
Gobler et al., 2002; Glibert et al., 2001, 2004, 2005). Urea now represents a significant 
anthropogenic nitrogen form, and one which likely will be used at escalating rates for 
years to come throughout the globe (Glibert et al., 2006). High rates of algal growth were 
common in the shrimp ponds as well as rice fields all around the study areas (Photo 6.3). 
Local communities clearly indicated that these algal materials were toxic impairing the 
growth and development of rice plants, while shrimp farmers termed these as beneficial 
for shrimp growth. Algal materials were also reported to be responsible for skin irritation 
and creation lesions in the lower parts of body. It might be mentioned that the waters in 
the shrimp pond are used to be stored for years without any recharge or flushing activities. 
Moreover, urea is applied every time in these ponds for phytoplankton growth. So, there 
might be a linkage between such algal growth and indiscriminate urea applications as 
indicated by Glibert et al. (2006). Shrimp culture in Cox's Bazar uses 620 tons of urea 
annually. Contribution of excessive doses of N and P as well as toxic residues to the 
eutrophication of rivers in the Sundarbans region of Bangladesh was also indicated by 
FAO/UNDP (1998).

Excessive and unwanted use of agro-chemicals e.g. therapeutants, disinfectants, water 
and soil treatment compounds, algaecides and pesticides, plankton growth inducers 
(fertilizers and minerals) and feed additives in shrimp farming has been reported to cause 
problems related to toxicity to non-target species (cultured species, human consumers and 
wild biota), development of antibiotic resistance and accumulation of residues (Primavera, 
1998).

5.5.5 Groundwater pollution 

Although groundwater is not directly exposed to surface polluting activities, numerous 
natural and anthropogenic activities cause groundwater pollution. A number of physical, 
chemical and biochemical (and microbiological) processes cause alteration of 
groundwater properties either by addition of new elements/ions/compounds or by 
increasing the existing concentrations. Before the discovery of arsenic contamination in 
Bangladesh, groundwater used to be considered a safer source of drinking water.

Groundwater arsenic poisoning in Bangladesh is a recent environmental episode 
particularly in the SW Bangladesh. It comprises of a critical geological, hydrological, 
hydrogeological and geochemical problem associated with the over use of groundwater 
and diversion of surface water from rivers (Bridge and Husain, 2003; Rahman, 2009).
Apparently the contamination began after the mid seventies and was caused by the
lowering of groundwater table. The increased lowering of the sub-surface water table 
each year has been causing more oxidation both vertically and horizontally in most of the 
arsenic affected areas of Bangladesh and thus adding more arsenic into groundwater 
during the wet season in Bangladesh (Braman, 1983). Bridge and Husain (2003) clearly 
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indicated that the crisis appears to be directly related to the Farakka, Tista and 28 others 
dams/barrages that India constructed on the common rivers between Bangladesh and 
India. The oxidation process and the releasing of arsenic into groundwater will continue 
until the natural groundwater level that existed prior to 1975 is restored or until the 
arsenic bearing minerals are completely oxidized (Bridge and Husain, 2003). Arsenic 
contamination of groundwater in Bangladesh is now considered the world's largest case 
of water pollution. Arsenic poisoning of ground water has emerged as a catastrophic 
problem across much of Bangladesh. Specifically in the coastal zone, arsenic levels in 
tube well water ranges from “clean” to some of the highest known concentrations. It is 
now a national concern with grave consequences upon human lives and productivity.

The BGS/DPHE (2001) Natural Hydro-chemical Survey of tube wells tested water 
samples from 3,534 tube wells from 61 of the 64 districts covering 433 of 496 upazilas of 
the country. The findings showed that 25% of the sampled wells contain more than 50 
µg/l of arsenic (Bangladesh standard) and median arsenic concentration found was 4 µg/l 
and maximum 1,670 µg/l, mean concentration was about 55 µg/l. There are 12 districts 
with high arsenic contamination, of which 7 are in coastal zone: Chandpur (90%), 
Gopalganj (79%), Noakhali (69%), Satkhira (67%), Shariatpur (65%), Bagerhat (60%) 
and Lakhsmipur (56%). There are 12 districts with least problem with arsenic, three of 
which are located in the coastal zone: Barguna & Patuakhali (0%), & Cox’s Bazar (2%).
BGS/DPHE (2001) further reported that 27% of the shallow tube wells (defined within 
the survey as a depth of less than 150m) had arsenic in excess of the Bangladesh Standard 
of 50µg/l and 46% exceeded the provision WHO Guideline Value of 10 µg/l. Of the 
deeper tube wells (depth over 150m) only 1% exceeded the Bangladesh Standard and 5% 
exceeded the provisional WHO Guideline Value. The survey indicated the southern and 
eastern part of Bangladesh is most heavily contaminated where people were at most risk. 
The survey suggested that arsenic contamination was concentrated in the shallow aquifers 
of up to 150m (roughly 500 ft) depth, although the highest average contamination was 
found in the 15-30m (50-100ft) range. The very shallow aquifer of below 15m (50ft) 
appeared to be largely arsenic free, although subsequent studies have shown significant 
arsenic contamination in shallow dug wells (Rosenboom, 2004). Screening around 4.95 
million tube wells were carried out by BAMWSP (BAMWSP, 2004) of which 1.44 
(29.12%) million exceeded the Bangladesh standard. The study confirmed that the 
intensity of arsenic contamination of groundwater is much higher in the South-western 
and South-eastern part of Bangladesh. Arsenic concentration in ground water in 
Bangladesh has been shown in Fig. 5.13.
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Fig. 5.13 Arsenic concentrations in groundwater in Bangladesh (BGS/DPHE, 2001).

Table 5.8 shows the extent of arsenic contamination in tube wells in the study Upazilas. 
Data obtained from the Department of Public Health Engineering (DPHE) indicated that 
extent of arsenic problem was relatively higher at upstream areas i.e. in Paikgacha where 
around 60% of the total surveyed tube wells were found to be contaminated compared to 
only 9.48% in Shyamnagar which is more downstream. Again, 100% of the Unions 
surveyed in Paikgacha were contaminated, whereas the respective figure for Shyamnagar 
was 75%. In Rampal, 100% of the Unions were found to be arsenic contaminated, 
however, around 38.47% of the tested tube well waters contained arsenic at a 
concentration range of 50 to 80 µg/l. In each study upazila under SW region, the 
concentration of As was well above the Bangladesh standard (50 µg/l) and reaching the 
value of 400-500 µg/l in some unions of the study areas.

According to 2003 survey by BGS/DPHE no arsenic contamination was detected in 
Chakaria. However, since then no survey at official level was carried out. But a recent 
study conducted by Chittagong University (Rahman et al., 2006a) showed that only 40% 
of the tested water samples were within safe limit regarding As concentration, while 60% 
were above WHO standard and 5% above Bangladesh standard. The study further added 
that As, Fe, PO4

3-P and TDS content in the groundwater in Cox’s Bazaar were above the 
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standard value and thus, the inhabitants of the district were at risk of health related 
hazards.
Table 5.8 Arsenic contamination in ground water in the study Upazilas
Upazila Union Tube wells Concentration range 

(µg/l)
Surveyed Contaminated Surveyed Contaminated Lower Upper

Shyamnagar 12 09 1836 174 50-100 400-500
Paikgacha 11 11 13635 8103 50-100 350-400
Rampal 10 10 3205 1233 0-50 50-80
Chakaria 18(59) 3842 - Insignificant

Agricultural soils in many areas of the country have been found to contain high levels of 
arsenic and that there was evidence of elevated arsenic accumulation in rice (Williams et 
al., 2004). An analysis of soil, shrimp pond water and tube well water samples in 
Satkhira (Safiullah et al., 2001) showed that the soil below 2.5 feet from the surface has 
high arsenic concentration (>400 µg/l). Huq et al. (2003) also reported that in most of the 
cases arsenic content of top 0-5.9 ft is more than the bottom of 5.9-11.8 ft. 
Estimates showed about 50% of daily arsenic intake could come from rice grain when the 
intake of both water arsenic and rice arsenic was considered. A recent study (IRIN, 
2009) analyzed 330 samples of "Aman" (rain-fed) and "Boro" (irrigated) rice samples 
for arsenic and found that the districts with the highest mean arsenic rice grain levels 
were all in the southwest region. The districts were Faridpur (Boro) with 0.51 µg/g, 
Satkhira (Boro) 0.38 µg/g and (Aman) 0.36 µg/g, Chuadanga (Boro) 0.32 µg/g and 
Meherpur (Boro) 0.29 µg/g. Boro rice contained significantly more arsenic than Aman 
rice, mainly because Boro rice is irrigated with groundwater. "Daily consumption of 
rice with a total arsenic level of 0.08 µg/g of rice would be equivalent to a drinking-
water arsenic level of 10 µg/l of water," the research added (IRIN, 2009). Effects of 
arsenic contaminated irrigation water on 14 common vegetables were investigated and 
the arsenic content of these vegetables was found higher when irrigating with arsenic 
contaminated water than those grown with arsenic free water (Ahmed et al., 2003). 
Arsenic accumulation in leafy vegetables was found higher than in fruity vegetables. 

5.6 Impacts on Forest Resources

5.6.1 Depletion of Chakaria Sundarbans
The largest and single-most example of destruction of a total forest as a result of man 
made activities is the destruction of Chakaria Sundarbans in the SE coastal region of 
Bangladesh. During a period of 1975-1999 almost all of the unique mangrove forest was 
encroached at both government and private initiatives for the expansion of brackish water 
shrimp farming (Fig. 5.14). At present no patches of land under tree cover is present in 
the area except some isolated trees standing sporadically (Photo 5.14). Encroachment of 
the unique mangrove forest created several multifarious impacts on both resources and 
livelihoods. Apart from ecological impacts e.g. cyclonic storms, flooding and soil erosion, 
diverse livelihood activities of the local inhabitants in its vicinity were lost. It is also true 
for Bangladesh that conversion of mangroves to shrimp ponds lead to a shift from a 
multi-use system to a single use, with net benefits shifting to fewer users as mentioned by 
Dixon (1989).
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Destruction of the remaining forests has been continuing in Chakaria. Recently expansion 
of tobacco cultivation and subsequent curing activities has been held responsible for 
destruction of reserved forests in Chakaria. Again, growing demand for biomass fuel at 
household level in Chakaria as well as Moheshkhali and Kutubdia Upazilas has been also 
adding to the degradation of the remaining forest reserves. Data indicated that during a 
period of 1998-2008 around 15% of the reserved forests in Chakaria has been depleted 
(Figure 5.15) (DAE Office Records). However, discussion with local households as well 
as eminent personalities revealed that the real degradation is much more than the official 
figures. Households estimated the figure to be around 50-60%. Even small hills were 
found totally devoid of trees and even green vegetation (Photo 5.15). Households also 
reported that a potential anthropogenic activity which has been growing during the last 10 
years is tobacco curing. There are at least 800 curing houses in Chakaria alone 
consuming around 4800 tons of firewood annually, mostly harvested from these reserved 
forests illegally. The area under cultivation of tobacco has been expanding rapidly 
indicating more and more destruction of reserved forests in the years to come. A recent 
report also reported about existences of around 4000 curing houses elsewhere Cox’s 
Bazar and Rangamati districts which used to burn around 20000 tons of firewood (Anon, 
2009b). A vast tract of mangrove forest in Goldia Island of Cox's Bazar has turned 
completely barren as shrimp farmers chopped down the trees to construct embankments 
all over the island. Discussion with a fishermen group in Badarkhali, Chakaria (adjacent 
to Moheshkhali island) revealed that already around 40-50% of the green vegetation on 
the Moheshkhali hill has been cleared for biomass fuel (Photo 5.14b). Clearing and 
illegal occupation of reserved forests has also been increasing in the reserved forests of 
Chakaria and Cox’s Bazar region. In Chakaria, majority of the Dulahazra bit has been 
cleared and taken under illegal possession by local elites. They are reportedly cultivating 
rice and other vegetables in the cleared forest lands (Mamun, 2008). A very recent 
episode was the clearing of coastal green belt plantations in Sitakunda coast of 
Chittagong by local influential groups for raising a new ship breaking yard amidst of 
legal ban on such illegal activities as reported in The Daily Star (Islam and Alamgir, 
2009) (Photo 5.16a,b).
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Fig. 5.14 Status of Chakaria Sundarbans during 1975-1985 (IUCN, 2005; SPARRSO, 
2008).
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Fig. 5.15 Status of reserved forests in Chakaria over time (Source: Forest Department).
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Photo 5.14 Small patches of mangrove trees in Badarkhali (Chakaria) alongside 
Moheshkhali channel (encroached Moheshkhali hill in the background).

   
Photo 5.15 Encroached hills in Chakaria reserved forests.

  
Photo 5.16 (a) Clearing of coastal green belt for establishing a new ship breaking yard 
ignoring the ban imposed by the High Court; (b) Women and children remnants of cut 
trees to use as biomass fuel (Source: Islam and Alamgir, 2009).
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5.6.2 Impacts on Sundarbans Reserved Forest

Total area of Sundarbans in Bangladesh part is 577,100 ha, including 407,100 ha of 
mangrove forest and 170,000 ha of river channels, canals and creeks. Shyamnagar 
contains the major part of Sundarbans reserved forest covering an area of 153600 ha. 
Officially that area has not been reduced. The unique vegetation of Sundarbans is 
classified under three zones: freshwater forest (north eastern part), moderately saltwater 
forest (eastern part) and saline forest (western part). The forest became poorer and more 
open as one proceeds towards the sea or towards the west (India). The fresh water zone in 
the north is generally most productive with good quality sundri, gewa, passur, kankra and 
other timber species. Sundarbans reserved forest has been under growing pressures from 
ecological changes, natural calamities as well as man made activities (Photo 5.17).

The abnormal reduction of the Ganges flows during dry period have been reported to 
cause excessive siltation, elevation of the bed level sand consequent reduction of flood 
water discharging capacity of the channels, shifting of Ganges flows thereby blockage of 
the Gorai river off take, as well as increased sedimentation in the Sundarbans.
Embankments, some most unscientifically constructed, have resulted in huge deposition 
of silt in the Sundarbans (Khan, 2005). Decreased freshwater flushing in the Sundarbans 
has resulted in increased salinity intrusion, particularly in the dry season. Manifold 
increase in soil and water salinity has been threatening the Sundarbans forest resources. 
The increased salinity has affected the natural regeneration of mangroves, and in some 
areas there is now no regeneration at all. Such increase was reported to be remarkable 
after the construction of the Farakka barrage in India (Islam and GNAUCK, 2008). 
According to forest department the quantum of salinity in the rivers and canals in the 
Satkhira Range of the Sundarbans is 27-33 PPT against the accepted level of 5-10 PPT. 
Salinity is mainly blamed behind top dying of Sundri trees (Grepin, 1995; Bhuiyan, 
1994) (Photo 5.18). Increase in salinity was also reported to degrade the water quality in 
Sundarbans during the dry season (EGIS, 2000). So, there might be some coupled effects 
of salinity and water quality on the increased mortality of Sundri stocks. Farakka Barrage 
has been held largely responsible for the widespread top-dying disease of Sundri trees in 
the Sundarbans disease, saying increase of salinity in soil, reduction of normal flow of 
water and ecological disorder are causing the disease. Besides, salinity has been causing 
transformation of SRF from high density forest to low density vegetation. A gradual 
replacement of Heritiera fomes with Excoecaria agallocha is apparent as a long-term 
effect. Not only the trees and plants, but also many species of animals and birds have 
been facing extinction due to salinity on the forest ground.

The entire mangrove forest is under severe threat due to over exploitation of resources as 
well as other anthropogenic activities and climate change induced impacts. The  most  
immediate  threat  to  the  Sundarbans  is  over-exploitation,  both  of  the  timber 
resources and of the fauna. Over exploitation of the tree resources has been growing in 
the surrounding upazilas of the Sundarbans mainly for biomass fuel. The present study 
revealed that around 60-90% of the biomass fuel needed by the households in 
Shyamnagar and Paikgacha come from Sundarbans. Besides, illegal logging of timbers, 
logging beyond permitted ceiling, all are posing threats to the existence of the mangrove 
forest. One report indicates that the merchantable stock of Sundri (Heritiera fomes) has 
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declined by 40% since the forest inventory of 1959, while that of Goran (Excoecaria 
agallocha) has fallen by 45% (Hussain and Karim, 1994). The depletion was due to 
overexploitation for saw timber and firewood (Photo 4.8). The exploitable age of the 
trees has been estimated at 50-60 years, but more and more areas are being cut on a 
shorter rotation. Over exploitation through both legal and illegal means has already led 
Sundri stock to shrink from 31.6 to 21.0% between 1959 and 1983 (Chaffey et al., 1985). 
With increasing population pressure in the areas alongside Sundarbans, it is likely that 
overexploitation could reach a quantum level in the near future. 

   

      
Photo 5.17 Sundarbans is under pressure from expansion of shrimp farming, settlement, 
transportation and marine transportation.

Photo 5.18 (a) Top dying of Sundri tree and (b) other shrub species in Sundarbans mainly 
due to salinity.

a b
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5.7 Impacts on Biodiversity

Man made activities put severe adverse impacts on both floral as well as faunal diversity 
in the study upazilas as well as across the whole coastal region. The major causes behind 
such depletion were identified as conversion and/or destruction of habitat, pollution of 
soil and water resources, over exploitation.

Impacts of drying up as well as encroachment of Jamuna river in Shyamnagar have been 
shown in Table 5.9. Data indicated that nearly all of the local flora and fauna were 
affected severely as the river was encroached and dried up. FGD with local communities 
also revealed the overall status of local rice cultivars in all the study upazilas (Table 5.10). 
Data indicated that 11-32 local rice varieties have been disappeared from the study areas, 
while 7-27 are near extinction. Once the region was in abundant supply with traditional 
local rice varieties which were suited to local environments, salinity as well as required 
minimum management practices. But, with growing population as well as raise in soil 
and water salinity levels beyond tolerable limits these rice varieties have been depleting 
at an unprecedented rate (Table 5.10). 

Table 5.9 Impacts of drying up of Jamuna river in Shyamnagar
Category Pre anthropogenic era Post-anthropogenic era
Local rice varieties 33 03
Vegetables, Pulse & oilseed varieties 15 05
Jute 1 -
Fruit & forest species 18 07
Forest species 12 08
Medicinal plants 09 -
Fish 22 06
Other aquatic species 17 04
Bird species 20 05
Data Source: BARCIK (2008a).

Table 5.10 Status of local rice varieties in the study Upazilas
Location Variety (No.)

Available Moderately available Near Extinct Extinct
Shyamnagar 09 27 32
Paikgacha 06 22 28
Rampal 01 07 14 11
Chakaria 01 05 07 12
Source: Field data.

Table 5.11 shows that in all the Upazilas several local vegetable species are already at the 
verge of extinction due to unsuitability for growing in saline condition. However, during 
FGD households mentioned that the vegetables which are now under extinction process 
were once abundant in the region.
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Table 5.11 Status of homestead vegetable species
Location Number

Available Moderately available Near Extinct Extinct

Shyamnagar 14 8 5 -
Paikgacha 15 6 4 -
Rampal 15 8 3 -
Chakaria 23 - 3 -

Source: Field data.

Homestead plantation resources in the study areas have been reported to be gradually 
declining. The comparison was made between present and 20 years before. It was 
revealed that both fruit and timber species have declined in all the study locations (Table 
5.12). The main reason as identified by the local communities was the increase in soil and 
water salinity.

Table 5.12 Status of homestead plantation diversity in the sample households
Species Chakaria Paikgacha Shyamnagar

> 20 years At present > 20 years At present > 20 years At present

Vegetable 19 13 29 19 21 16

Fruit 31 21 17 10 19 9

Timber 14 13 16 12 16 9

Medicinal 3 1 4 3 3 1

Source: Field data.

Measurements of diversity have been of historical significance and their importance still 
remains today given the obvious declines in habitat quality in almost every ecological 
system. The Shannon-Wiener Diversity Index is one of the most widely used species 
diversity indices for examining overall community characteristics comparing two or more 
distinct habitats. Fig. 5.16 shows the Shannon-Wiener Diversity Index for fruit and 
timber species in found in the homesteads of the study areas. Figures show that both fruit 
and timber species were more diversified 10 years before compared to at present. Among 
the study areas, Rampal, Shyamnagar and Paikgacha were affected more adversely than 
Chakaria site. Comparatively lower saline in Chakaria might be the reason for higher 
diversity index.
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Fig. 5.16 Diversity Index of (a) fruit and (b) timber species in homesteads.

Soil samples collected from monitored home gardens and salinity levels were measured. 
When species diversity of fruit and forest species were plotted against corresponding 
salinity levels strong negative correlations were found indicating lower species diversity 
with increased soil salinity (Fig. 5.17). However, the relationship was much stronger in 
case of fruit species compared to forest ones. 
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The surface water resources had been the breeding and raising grounds of 109 species of 
Gangetic fishes (Islam and Hassan, 1983). But man made activities have been 
diminishing all these fish resources from the coastal region. FGD with fishermen and 
local communities revealed the status of common fish species in the rivers and estuaries 
(Table 5.13). In all the areas there were reports of majority of the fish species under threat 
leading to near extinction as well as total extinction. Comparison of fish species 
availability over time was done through monitoring of fish landing site as well as FGD 
with fish traders present in those landing sites. Monitoring and FGD revealed that fish 
species had reduced drastically across the region. During year long monitoring of fish 
landing sites it was clearly revealed that fish availability has been reduced to below 50% 
compared to 10 years before (Fig. 5.13). The major causes identified were reduction and 
drying up of natural water bodies, increase in water salinity, destruction of fish breeding 
grounds with destructive types of fishing, use of insecticides for fishing inside the 
Sundarbans, and destruction of numerous fish larvae during exploitation of shrimp post-
larvae.
Table 5.13 Status of fish and shrimp species in the study upazilas
Location Number

Available Moderately 
available

Less available/ 
Near Extinct

Not available/ 
Extinct

Shyamnagar

Sweet water species 6 4 14 7

Estuarine species 3 6 8 8

Shrimp species 3 4

Total 12 14 22 15

Paikgacha

Sweet water species 6 4 14 7

Estuarine species 3 6 8 12

Shrimp species 3 4

Total 12 14 22 19

Rampal

Sweet water species 6 4 14 7
Estuarine species 3 6 8 12

Shrimp species 3 4

Total 12 14 22 19

Chakaria
Sweet water species 7 6 12 7
Estuarine species 2 9 4 8

Shrimp species 1 4

Total 10 19 16 15

Source: Field data.
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Wild life biodiversity has also been under increasing threat due to anthropogenic 
activities. Siltation and drying up of rivers, canals, and other water bodies paved the way 
towards extinction of several aquatic lives e.g. sweet water turtles and tortoise, snails, 
mollusks, water lily, etc. Destruction of habitat also depleted wild animals e.g. fox, 
snakes, etc. Besides, fishing and hunting with the help of agrochemicals as well as other 
poisonous compounds have been putting serious adverse impacts on wild lives as well as
aquatic living beings in the estuarine areas. Again, indiscriminate collection of snails has 
already caused depletion of snails from the coastal region. Moreover, rising demand of 
snail flesh as shrimp feed has also been putting adverse impacts on snail populations 
across the country. Pollution of soil and water due to indiscriminate use of pesticides in 
agricultural and fishing activities mainly led to the depletion of frog and bird population 
from thee areas which in turn aggravated the insect pest problems in the crops in the 
region (Case study 2 Appendix-25).

To summarize, the cause-effect relationships between anthropogenic activities and the 
degradation patterns of natural resources has been shown in Fig. 5.18.
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CHAPTER 6

VULNERABILITIES OF PRODUCTION SYSTEMS

Different types of vulnerabilities1 as well as problems were identified in this study, 
affecting the agricultural production systems as well as livelihood of the coastal 
communities. The vulnerabilities were identified mostly on the basis of households’ 
perceptions, discussions and FGDS. These vulnerabilities have been discussed in this 
chapter.

6.1 Rice Cultivation

6.1.1 Changes in rice productivity

Despite likely decline in land availability there have been evidences of attempts to 
increase cropping intensities in the study upazilas to ensure more intensive utilization of 
available land resources. However, despite such efforts, productivity of rice has been 
decreasing over time as was evident from DAE estimates (Table 6.1). As mentioned 
earlier, the SW region is dominated by aman rice cultivation. Table 6.2 shows that in all 
the upazilas productivity of aman rice has been declining over time with the highest 
decline in Shyamnagar being followed by Rampal upazila. In contrast, data on Chakaria 
shows that productivity has been increasing over time. Boro rice productivity, although 
covering lesser share in the net cropped area has been found to increase over time in all 
the study areas.

Field estimates were carried out to assess productivity of Aman and Boro rice in the 
study upazilas. In all the upazilas rice productivity measured through field estimates i.e. 
crop cutting as well as FGD and personal interview was lower than the DAE estimates 
(Table 6.2). Data on T. Aman (MV) and Boro productivity revealed a considerable gap 
between field estimates and DAE estimates. Productivity of T. Aman rice was lower than 
DAE estimates by around 53%, while the corresponding figure for Boro rice was around 
25%. However, field estimates were carried out in 15 farmers’ fields in case of Aman and 
Boro rice in each Upazila. So, precise conclusion could not be drawn regarding the gap 
between the estimates.

                                                
1 Vulnerability: “Susceptible to physical or emotional injury” or “Susceptible to attack”. 
Vulnerability means “susceptibility to injury or attack.” Vulnerability is defined as “the 
characteristics of a system that cause it to suffer a definite degradation (incapability to perform 
the designated mission) as a result of having been subjected to a certain level of effects in an 
unnatural (manmade) hostile environment.”
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Table 6.1. Productivity of rice (paddy) in the study Upazilas
Rice type Coverage area (% of NCA) % 

Change
Productivity (t/ha % 

Change1990 1998 2008 1990 1998 2008
Shyamnagar

Aus (MV) 0.35 0.25 1.04 197.14 2.88 3.03 3.15 9.38
Aman (MV) 32.31 81.87 84.03 160.07 3.93 3.15 3.15 -19.85
Boro (MV) 2.47 2.18 11.95 383.81 4.20 4.80 5.71 35.95

Paikgacha
Aus (MV) 0.55 0.16 -70.91 3.45 2.30 -33.33
Aman (MV) 47.42 61.02 28.68 4.25 3.95 -7.06
Boro (MV) 0.92 6.02 554.35 4.25 4.65 9.41

Rampal
Aman (LV) 94.12 85.73 -8.91 1.92 1.65 -14.06
Aman (MV) 8.33 7.00 -15.97 3.49 3.01 -13.75
Boro (MV) 0.49 9.50 1838.77 3.08 5.15 67.21

Chakaria
Aus (MV) 0.50 7.93 1486.00 3.62 3.98 9.94
Aman (MV) 56.97 54.25 -4.77 4.81 5.45 13.31
Boro (MV) 51.60 75.80 46.90 4.87 5.47 12.32
(Source: DAE)

Table 6.2. Productivity of rice (paddy) in the study Upazilas (field estimate)
Field estimate (t/ha) DAE estimate (t/ha) % Change from DAE 

estimates

Aus 
(MV)

Aman 
(LV)

Aman 
(MV)

Boro Aus 
(MV)

Aman 
(LV)

Aman 
(MV)

Boro Aus 
(MV)

Aman 
(MV)

Boro

Shyamnagar 2.05 3.29 4.5 3.15 3.15 5.71 -53.66 4.26 -26.89

Paikgacha 2.35 3.28 4.24 2.3 4.44 5.09 2.12 -35.37 -20.05

Rampal 1.8 3.03 4.38 1.65 3.01 5.15 0.67 -17.58

Chakaria 3.20 3.76 4.58 3.68 5.75 6.16 -15.00 -52.93 -34.58

Average 3.34 4.43 4.09 5.53 -22.46 -24.83

6.1.2 Relationships between soil salinity and returns on Aman production

In producing T. Aman rice (cv. BR30) different variables such as human labour, seed, 
power tiller, urea, TSP, MP, manure and pesticide were used by the respondent farmers
in household survey. Estimated values of coefficient and related statistics of Cobb-
Douglas production function are presented in Table 6.3. The result showed that most of 
the coefficients had positive and significant influence on the production of MV T. Aman 
in the study area. The co-efficient of determination (R2) was 0.99, which implied that 
around 99% of the variations in gross return were explained by the explanatory variables 
included in the model respectively. The F-value of the equation is significant at 5% level 
implying that the variation in return from T. Aman rice production mainly depends upon 
the independent variables included in the model.  
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The coefficient of human labour (X1) is 0.247 and positively significant at 5% level. It
indicates that with 1% increase in human labour the gross return would increase by 
0.247 %. The coefficient of seed is 0.355 which is significant at 5% level. It indicates that 
with the increase of spending on seed would be able to earn more gross return from T. 
Aman rice. The coefficient of urea fertilizer is 0.240, which was highly significant at 1% 
level. This implied that with the 1% increase in urea fertilizer the gross return would 
increase by 0.24. It was found that the farmers of less saline areas used much higher 
amount of urea compared to that of more saline areas farmers. Also coefficients of MP 
fertilizer, manure and pesticides found to be significant. The coefficient of TSP and 
salinity dummy variable used in the Cobb-Douglas production function model found to 
be positive but insignificant. The probable reason could be that there may not have sharp 
difference between more salinity area and less salinity area, as the data were collected 
through questionnaire survey on memory recall basis.

Table 6.3 Estimated values of coefficients and related statistics of the Cobb-Douglas 
production function of T. Aman rice 

Explanatory variables Parameters Co-efficient Standard error t-ratio

Intercept β0 -0.260 1.419 0.184
Human labour (X1) β 1 0.247* 0.097 2.552
Seed (X2) β 2 0.355* 0.171 2.077
Power tiller cost (X3) β 3 -0.101 0.170 0.591
Urea (X4) β 4 0.240** 0.046 5.264
TSP (X5) β 5 0.134 0.161 0.830
MOP (X6) β 6 0.073* 0.038 1.96
Manure(X7) β 7 0..370* 0.163 2.409
Pesticides cost (X8) β8 0.287** 0.078 3.670
Less saline area(D1=1, other=0) β9 0.292 0.170 0.542

Note: * and ** indicate significant at, 5%, 1% level, N=80, R2=0.994, F=131.2.

However, soil samples were drawn from the farmers’ fields where field estimates were 
carried out to measure T. Aman rice yield in each upazila. Soil samples were analyzed to 
determine salinity level (EC). When yield figures (adjusted at 14% moisture level) were 
plotted against corresponding salinity figures a negative correlation was found between 
soil salinity and rice yield and the relationship was moderately strong (Fig. 6.1). It 
indicated that salinity put adverse impacts on rice yield potential. Farmers all over the 
study areas also overwhelmingly reported that rice yield has been declining and even 
total crop has been failing frequently due to increased salinity levels in Aman rice areas.
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Fig. 6.1 Relationship between top soil salinity and rice yield 

Once the region was in abundant supply with traditional local rice varieties which were 
suited to local environments, salinity as well as required minimum management practices. 
But, with growing population and increase in food demand modern rice varieties with 
high yield potentials gradually replaced these local varieties. But with the rise in soil and 
water salinity beyond tolerable limits these rice varieties have also been failing to express 
their yield potential, and in most of the cases, yield reductions were noticed. In Rampal 
one local aman rice variety (Lal mota) has been still under cultivation, although its yield 
potential has been declining gradually (Table 6.2). This variety is still under cultivation in 
Chakaria also. But in Shyamnagar and Paikgacha the area under local rice cultivation has 
been declined to a minute level in recent years. Ali (2005) investigated the loss of rice 
production in a village of Satkhira district and found that rice production in 2003 was 
1,151 metric tons less than the year 1985, corresponding to a loss of 69 per cent. Out of 
the total decreased production, 77 per cent was due to conversion of rice field into shrimp 
pond and 23 per cent was because of yield loss. 

6.1.3 Other sources of vulnerability and coping strategies

Several vulnerabilities/problems regarding rice production were reported by the farmers 
during survey and FGDs. The single most important factor was soil and water salinity 
leading to adverse impacts on the growth and development of rice plants and ultimately 
leading to complete failure (Photo 6.1). Impacts of salinity on productivity can also be 
predicted from Fig. 6.1. Farmers also reported several other problems arising out of 
salinity increase. One major factor was development of algal bloom in the rice as well as 
shrimp fields due to continuous submergence of the fields year after year. These algal 
materials are reported as beneficial for shrimp farming, but highly toxic to rice plants. In 
the study areas algal bloom in rice as well as shrimp farms were seen all over the study 
areas (Photo 6.2). Other important problems were insect pest problem, lack of rainfall as 
well as sweet water facilities, particularly during dry season, crisis of inputs i.e. quality 
seeds and fertilizers, non-availability of organic matter, etc.

Farmers were found to adopt several strategies based on the magnitude of problems, local 
knowledge, and in some instances due to ignorance regarding cause-effect relationships. 
To combat salinity problem some of the farmers were found to apply sugar in their rice 
fields with a belief that sweetness will counteract saltiness. This practice was seen in 
many places, particularly in Shyamnagar. When interviewed mixed responses were 
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obtained, some saying that they obtained good results, while other reporting the opposite. 
Another mitigation measure was to apply higher doses of phosphate and magnesium 
fertilizers to the rice fields. When asked they reported that fertilizer dealers prescribed 
them to adopt this measure. Discussions with DAE officials revealed that there was no 
recommendation from the DAE to apply higher doses of TSP and Mg fertilizers. Rather 
farmers mainly rely on the advices of fertilizer and pesticide dealers. Farmers perceived 
that algal growth makes the soil toxic which hampers the growth and development of rice 
plants. As a local measure they used to clean up the algal materials periodically (Photo
6.2b), but that was not a permanent solution since again there are algal growths. Again, 
clearing of algal materials also involves time, labour and money. 

Amidst of increasing trends in salinity induced crop failure, some innovative framers are 
also involved in developing (screening) salinity tolerant rice varieties. Farmers in Atulia 
and Buri Goalini Unions of Shyamnagar, have screened out several local varieties which 
can withstand salinity to some extent as well as contribute to moderately satisfactory 
yield. However, mixed responses were obtained from different farmer groups regarding 
the performance of these varieties since no variety can withstand well in high salinity 
zones. Farmers also innovated some local techniques based on their indigenous 
knowledge to salvage rice crops after the devastation caused by the Cyclone SIDR. 
Cyclone SIDR caused lodging of the entire rice plants in all the rice fields. Then several 
farmers used to tie up two-three rice seedlings together. It was, although laborious job, 
however, they could save around 50% of their rice crop in this way.

   
Photo 6.1 Complete failure of aman rice due to salinity.

   
Photo 6.2 (a) Algal blooms in rice fields (b) Clearing of algal materials.

a b



124

Crisis of irrigation water is another major constraint behind increasing crop productivity, 
particularly in Boro rice cultivation in the region as reported by all the interviewed 
households. Poorer sections of the farmers are almost helpless in this context, while 
richer farmers having larger homestead ponds used to use their homestead pond water as 
an alternate source of irrigation water. Many farmers were found to build dykes around 
their Boro rice fields so that valuable water cannot seep away (Photo 6.3). But in 2008 
drastic reduction in rainfall and subsequent lesser reserves of pond water (Photo 6.4) 
resulted total failure of Boro rice in many areas (Photo 6.4). Still, farmers were 
determined to continue with Boro rice cultivation. One of the cases study was about 
Sheikh Abdus Salam, who was a small farmer, but tried Boro rice cultivation, but the 
crop failed entirely (Photo 6.5). Salam and his neighbours were, however, determined to 
continue with Boro rice cultivation. That’s why they began digging a reservoir to 
preserve rain water for the next season (Photo 6.6). Details of Sheikh Abdus Salam was 
provided in Appendix-25 (Case study 1). Similar determination was also observed in 
Chakaria where farmers were planning to cultivate Boro rice in 320 acres East Nola Beel 
which was being waterlogged every year. Farmers formed their own cooperatives and 
started excavating a 2 km long canal so that waterlogging can be removes and 
subsequently Boro cultivation can be enhanced.

Another problems keeping the farmers in constant worry is the attack by insects and pests. 
In recent years insect pest attack has increased manifold. Farmers are also heavily 
dependent on insecticides even spraying insecticides 5-7 times in a single crop. It was 
also evident that farmers were overwhelmingly dependent on the pesticide dealers for 
insect pest management. Indiscriminate use of insecticides has been causing depletion of 
birds and other natural predators of insect pests. As local measures, farmers used to burn 
tires, lubricant wastes, etc. to repel insect pests. As learnt from IPM trainings, they are 
also using light traps, Neem extracts, etc. But the performance was not satisfactory at all, 
as revealed through FGDs as well as personal interview of an age old rice farmer Noor 
Mohammad Mollah in Shyamnagar (Photo 6.7). It was revealed that IPM simply does not 
work. IPM emphasizes the use of natural predators. But due to indiscriminate use of 
insecticides, birds, toads, frogs, spiders and other beneficial insects all diminished. It 
further aggravated the problem of insect pests leading to higher dependency on 
insecticides. Regarding the use of light traps, farmers response was not in favour in a 
ground that, if they continue light trap throughout the season, then it works, but whenever 
they withdraw the trap, the entire crop field is heavily infested with insects. Then the only 
remaining option is insecticide use. The summary of the discussion with Noor 
Mohammad Mollah has been provided in Appendix-25 (Case study 2). 
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Photo 6.3. Dykes raised around Boro rice field to store irrigation water supplied from 
homestead pond.

  
Photo 6.4 (a) Homestead pond dried up (b) Failure of Boro rice due to lack of rainfall and 
homestead pond water.

   
Photo 6.5 (a, b) Abdus Salam showing the condition of his Boro rice during field visits.

a

a

b

b

a b
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Photo 6.6 (a, b) Creating sweet water reservoir for irrigating rice fields by Abdus Salam 
and his neighbours.

  
Photo 6.7. Noor Mohammad Mollah along with his grandchild in the front yard of his 
homestead (shrimp farm in the background).

6.2 Homestead production systems

Homestead plantation resources in the study areas have been reported to be gradually 
declining (shown earlier in Table 5.11). Data indicated that mostly aged trees exist in the 
homesteads with age range of 10 years and above (Table 6.4). Majority of the homesteads 
in the downstream study areas were found devoid of sufficient homestead plantation 
(Photo 6.9). 

Table 6.4 Status of homestead plantations over time
Year Fruit species/household Forest species/household

Shyamnagar Paikgacha Rampal Chakaria Shyamnagar Paikgacha Rampal Chakaria
< 1 0.36 0.80 0.10 0.71 0.05 0.25 0.01 0.36
1- 5 0.72 1.25 0.36 1.63 0.39 0.72 0.43 1.57
6- 10 1.67 2.01 1.11 2.55 0.36 1.42 0.66 1.93
> 10 3.29 3.69 2.22 3.25 1.83 1.93 1.35 2.78
Total 6.04 7.75 3.79 8.15 2.63 4.31 2.45 6.64

a b

a b
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Photo 6.8 Homestead plantation situation in the study areas .

6.2.1 Sources of vulnerability

Homestead production systems comprise of two major components e.g. vegetables and 
homestead plantations. Homestead vegetables are cultivated mainly during summer and 
winter periods. But the soil salinity levels remain high during these periods impairing the 
growth and development of homestead vegetables (Photo 6.10). Moreover, severe 
infestation by insect pests is another drawback against sustaining vegetable cultivation in 
the homesteads. Lack of sweet water source was another constraint behind lower yield as 
well as failure of homestead vegetables. Therefore, vegetable cultivation has been 
squeezing gradually with lesser number of species mainly in some upstream areas. Table 
5.10 showed earlier that in all the upazilas several local vegetable species are already at 
the verge of extinction due to unsuitability for growing in saline condition. Brick fields 
used to release huge amounts of ash which frequently deposit on vegetables fields, vines, 
and other plantations as well as on water bodies.  The thick layer of dust on the leaves of 
crops and trees bars the photosynthesis process, which may destroy the vegetation if 
continued for a long time. In Chakaria, field investigations revealed such deposition of 
ashes on cucumber vegetables (Photo 6.10d). The owner of the vegetables plot complaint 
that brick burning activity has been solely responsible for such damages to his vegetables.

  
a b
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Photo 6.9 (a) Chili and (b) spinach; (c) Taro severely affected by salinity; (d) deposition 
of ash from brick fields on gourd vines.

The major detrimental cause affecting homestead plantations as reported by the 
households was high soil and water salinity. The study revealed dying of homestead 
plantations across the region. The most affected were the fruit species (Photo 6.11; 6.12), 
although forest species were also not an exception (Photo 6.13). It was also revealed that 
mortality was higher in newly planted saplings compared to older ones (Photo 6.12b; 
6.13a,b). The main reason behind lower survival rate was increased levels of top soil 
salinity which impair the growth and development of newly planted saplings, which old 
trees escaped somehow due to deep penetrating root systems into deeper soil profile. 
Therefore, attempts to raise new plantations are failing despite their eagerness to plant 
new trees in the homesteads.

Salinity was also reported to put detrimental impacts on fruit yield as well as quality. 
Households reported drastic yield decline during the last 10 years which is mainly caused 
by premature flower and fruit dropping. Also, deformed as well as undersized fruits were 
noticed in homestead fruit trees (Photo 6.12). Two major reasons behind such droppings 
were reported to be salinity as well as growing insect pest attack. Insect pest attack on 
homestead plantations have increased considerably in recent years (Photo 6.14) which 
was reported to be very unlikely 10-15 years before. Households’ perception was that 
getting lesser crop coverage area insect pests are now changing their feeding behavior 
and attacking homestead plantations. Even Keora, one of the dominant estuarine species 
also became susceptible to insect attack (Photo 6.14b). Over exploitation of homestead 
plantations for fuel materials in the wake of biomass fuel crisis was also held responsible 
behind poor conditions of homestead plantations.

c d
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Photo 6.10 Dying of fruit trees and plants due to salinity. 

  
Photo 6.11 (a) Burnt and de-formed coconuts, and (b) Dying young mango tree in a 
homestead in Paikgacha. 

     

a b

a b
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Photo 6.12 Leaf burning started in mahogini sapling (a, b); which will eventually lead to 
death of the whole plant (c).

    

Photo 6.13(a) Insect attack on fruit tree (Jujube); (b) Insect attack on forest tree (Keora).

6.2.2 Coping strategies

Households were found to have no alternatives regarding coping with the mortality of 
homestead plantations. Rather, they become more and more dependent on cow dung as 
well as outside sources for their biomass fuel needs. At local level, some households were 
found to attempt to irrigate their vegetable plots with water from homestead ponds. 
However, large and richer households could afford this, others having either small or no 
homestead ponds or alternate source of irrigation water, were forced to abandon 
vegetable plots as a last resort. Again, there were conflicts between using homestead 
pond water for vegetables and Boro rice cultivation. Households were found to prefer the 
later one.

c

a b
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6.3 Livestock and Poultry Husbandry

Livestock population was measured in the survey households. It was found that both 
cattle, goat and poultry population were below the census (1996) average for the study 
areas (Table 6.5). Within a period of 12 years cattle heads per household were reduced by 
48-52% in the study upazilas, while goat and poultry population reduced by 31-70% and 
12-63%, respectively (Table 6.6). Notable fact was that, no household was found to have 
buffalo which was once the integral part of household livestock resources in the past (20 
years before).

Table 6.5 Status of livestock and poultry population in the sample households
Location Data source Population (No.)

Cattle Goat Poultry
Shyamnagar Census (1996) 0.87 0.74 4.36

Field survey (2008) 0.42 0.22 2.4
% Change -51.72 -70.27 -44.95

Paikgacha Census (1996) 0.91 0.60 3.93
Field survey (2008) 0.43 0.4 3.93
% Change -52.75 -33.33 -

Rampal Census (1996) 0.91 0.59 4.80
Field survey (2008) 0.47 0.66 4.23
% Change -48.35 11.86 -11.88

Chakaria Census (1996) 1.05 0.36 5.94
Field survey (2008) 0.48 0.47 2.2
% Change -54.29 30.56 -62.96

Data on livestock population in the study upazilas (provided by the Department of 
Livestock Services, DLS) were shown in Fig. 6.2, 6.3, 6.4 and 6.5. In Shyamnagar, 
Paikgacha and Rampal there was a net decline in cattle and buffalo population over time. 
However, goat population has been increasing in Paikgacha in recent years. The only 
exception was Chakaria where livestock population was shown to increase over time.
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Fig. 6.2 Status of livestock population in Shyamnagar (Data source: DLS).
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Fig. 6.4 Status of livestock population in Rampal (Data source: DLS).
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6.3.1 Sources of vulnerability

The major problems of livestock and poultry husbandry were stemmed out of brackish 
water shrimp farming as all of the respondents opined overwhelmingly. Unrestricted 
expansion of shrimp farming reduced areas for crop agriculture which created fodder 
problem for the cattle heads. Moreover, such expansion also reduced open areas, thus 
squeezing grazing opportunities for cattle, buffalo and goat heads (Photo 6.14). Shrimp 
farming caused increase in soil and water salinity across the region, thus limiting the 
growth and productivity of natural grasses, herbs and other fodder plants. The resultant 
effect was the decline in fodder sources, which ultimately resulted decline in livestock 
population in the region. Ali (2005) noticed that fodder shortage is the cause for a 
declining livestock population from 630 in 1985 to 168 in 2003 in a village in Satkhira 
district. The dominant feature of the remaining cattle population is the ill health cattle, 
goat and sheep heads with poor productivity (Photo 6.15; 6.16). Even ill health cattle 
heads were found to eat rotten fruits floating away from the Sundarbans on the river 
banks (Photo 6.15). Besides, diminishing fodder sources increased salinity of drinking 
water also put adverse impacts of livestock health by increasing intestinal diseases.
Households also complained about poor healthcare facilities provided by the local 
government offices to treat their livestock. Besides anthropogenic causes, climate change 
is also likely to increase the vulnerability of livestock resources in the near future 
(Ahmed, 2005; GOB, 2005).

6.3.2 Coping strategies

At local level, however, households adopt different measures in the wake problems and 
uncertainties. Households used feed their cattle heads with alternative feeds like seeds 
and flowers of forest trees during fodder crisis (Photo 6.17a). Even they also collect 
grasses and other tree leaves from the Sundarbans to feed their livestock, particularly in 
Shyamnagar. Some of the households were found to shift their cattle heads from 
downstream areas to upstream areas as seasonal migration during severe fodder crisis. 
Some richer households were found to purchase cattle feed from other upstream areas 
during periods of severe fodder crisis. However, poorer households with limited financial 
capacity, were found to sell their cattle heads before the situation becomes worsened.

  

Photo 6.14 Cattle heads feeding on 
algae in a shrimp pond

Photo 6.15 Ill health cattle heads 
feeding on rotten fruits floating away 
from Sundarbans on the river banks
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Photo 6.16 Goats and sheep are in desperate search for feed at the edge of shrimp farms. 

   
Photo 6.17 (a) Raintree fruit and (b) Water hyacinth as alternative cattle feed.

6.4 Fisheries

6.4.1 Homestead pond fisheries: sources of vulnerability and coping strategies

Pond fisheries almost eliminated from the study areas, particularly downstream areas. 
Most of the homestead ponds are either unutilized or under-utilized. Due to increase in 
water salinity, pond fisheries were not at all profitable for the local communities in recent 
years. Extreme climatic events are also becoming dominant in recent years. In 2008 there 
was scanty rainfall. Therefore, there were lesser recharges of the homestead ponds with 
rain water. As a result the homestead ponds contained poor quality saline stagnant water 
which is unsuitable for fish culture as well as drinking purpose (Photo 6.9). As discussed 
earlier, richer households having larger homestead ponds were more interested in 
irrigating Boro rice fields with homestead pond water rather than pond fish culture (Photo 
6.3), particularly after cyclone SIDR. However, few households were found to rear sweet 
water fish species in their homesteads. They reported several problems e.g. poor and/or 
stunted growth of fishes, skin diseases as well as higher mortality rate of fish fingerlings. 
The reason as they reported was high water salinity behind all these problems. 
Particularly, salinity problem arises after every cyclonic event when majority of the 
homestead ponds are flooded with saline water from the rivers. However, at local level, 
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households were found to cope with the problem with few alternatives. These were, 
digging the homestead pond deeper to retain more rain water so that, fishes could be 
reared. Even, several households, particularly those who were engaged in fishing inside 
Sundarbans in Shyamnagar were also found to collect several fish species from 
Sundarbans and release in their homestead ponds (Photo 6.18) with a hope that these fish 
larvae will survive salinity in the homestead ponds. From our point of view, it might be a 
potential area to revitalize homestead pond fisheries in the region. 

Photo 6.18 Fish fingerlings collected from Sundarbans are to be released in homestead 
pond.

6.4.2 Inland open water fisheries

6.4.2.1 Trends in production

After China and India, Bangladesh is the third largest country in the world in inland 
fisheries. But at present the average yields for inland fishery are low and declining by 
about 2.7 per cent a year. However, this decline has been offset by increased inland 
culture fisheries by the richer group of rural population. But the poorer group of the rural 
population (more than 80 per cent) who used to catch fish from the floodplains as the 
only source of animal protein is interrupted from this source due to structural measures, 
siltation and dying of rivers and canals, conversion of water bodies into settlements as 
well as shrimp farms and increasing salinity and surface water pollution. Fish 
production/harvest from inland open water bodies i.e. rivers, beels and baors in four study 
districts during 1995-96 to 2006-07 has been shown in Table 6.6. Data clearly revealed 
declining trends in production during this time frame. Production from rivers declined the 
most (85%) in Cox’s Bazar being followed by the rivers in Satkhira (57%). Production 
decline from beels was the highest (92%) in Bagerhat, being closely followed by Satkhira 
district (83%). Fishing in Chuna river in Shyamnagar was monitored on the spot, and it 
was revealed that after nearly one hour effort fishermen could only harvest a few 
kilograms of fish from the closed nearly dead river (Photo 6.19).



136

In all the study areas FGDs with fishermen and local communities revealed that majority 
of the local fish species under threat leading to near extinction as well as total extinction 
(Table 5.12). At present majority of the traded fish are coming from fish farms rather 
from rivers and open water bodies. Again, exotic fish species are covering lion share of 
the traded fishes in these fish landing sites. The exotic species include: silver carp, mirror 
carp, grass carp, carpew, tilapia, monosex hybrid tilapia, along with few traditional carps 
e.g. rui, catla, mrigel, etc. Even fish traders reported the non-availability of Boal, Shole, 
Koi, shing, magur, etc. which once dominated the fish markets 10-15 years before.

Table 6.6 Fish production/harvest from inland open water bodies in four Districts

District Water body Annual production (t) % Change
1995-96 2006-07

Satkhira River 245 104 -57.55
Beel 100 17 -830
Baor 120 75 -37.50

Khulna River 458 390 -14.85
Beel 91 76 -16.48

Bagerhat River 4681 3397 -27.43
Beel 150 12 -92.00
Baor 159 152 -4.40

Cox’s Bazaar River 6758 1002 -85.17
Source: DoF Statistical Yearbook, 2006.

Comparison of fish availability over time was done through monitoring of fish landing 
site as well as FGD with fish traders present in those landing sites. Monitoring and FGD 
revealed that fish availability had reduced drastically across the region. During year long 
monitoring of fish landing sites it was clearly revealed that fish availability has been
reduced to below 50% compared to 10 years before in the study upazilas (Fig. 6.6).

Fig. 6.6 Fish Availability Index in selected fish landing sites in the study areas.
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Photo 6.19 (a, b) A big attempt with little harvest (Fishing in Chuna river in 
Shyamnagar).

Recently hilsha fish production has drastically fallen in the coastal region. After 
discussion with DFO, Khulna, three principal causes were revealed i.e. destruction of 
spawning grounds, higher salinity in the spawning grounds, and indiscriminate use of 
pesticides in the coastal districts. An important reason was the decrease of phytoplankton 
production due to high water salinity as well pollution of river water due to the use of 
pesticides as well as pollution from industries. Water pollution from industrial discharges 
has already led 130 fish species extinct and another 15 to near-extinct among the 200 fish 
species inhabiting the Karnaphuli river in Chittagong (Chowdhury, 2009).

6.4.2.2 Sources of vulnerability and coping strategies

Anthropogenic activities might be argued to put severe detrimental impacts on fisheries 
resources next to crop agriculture. The major causes behind depletion of inland open 
water fisheries resources as identified by the local fishermen were siltation and drying of 
rivers, canals, beels, and other water bodies, high water salinity, conversion of perennial 
water bodies into shrimp farms and encroachment of water bodies to raise settlements 
and structures. A few nearly dead rivers now are not in a position to supply this valuable 
protein sources to the local inhabitants (Photo 6.19). Moreover, destructive blanket 
fishing, over fishing and fishing with insecticides, and destruction of fish larvae during 
collection of shrimp post larvae were also identified as major problems behind 
diminishing fisheries production in the region. While collecting shrimp fries, the 
collectors usually separate the shrimp fries and throw away other fish seeds on the bank 
of the canals and rivers. FGD with shrimp fry collectors revealed that shrimp fry 
availability is almost one fourth as in 10 years before because of reduction in the 
population of mother shrimps, destruction of spawning grounds. Another reason 
identified by them is the higher turbidity of water in the rivers causing harmful 
environment for mother shrimps. It might be mentioned that the collection process of 
shrimp post larvae has also leading to destruction of numerous other fish larvae, thus 
helping deplete the open water fish resources. Again, in recent years fishing with the help 
of poison or insecticide was identified as a dangerous practice causing widespread 
depletion of fish and other aquatic resources, particularly in Shyamnagar and other 
Sundarbans adjacent areas. Some dishonest fishermen apply insecticides or poisons in the 
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mouth/inlet of small canals inside the forest at the beginning of high tide. It results death 
of all the fishes as well as other aquatic lives in the stream. Then they place drag net in 
the same mouth during ebb tide. All the dead fishes are collected in the net without any 
tedious effort. One of the major risks in marine and estuarine fishing is piracy. In Cox’s 
Bazaar region there are around 30 syndicates of pirates in different zones within the Bay 
of Bengal (Selim Ullah, 2009) who used to abduct fishermen regularly and releases in 
lieu of huge cash or kinds. Similar situation has also been prevailing in Sundarbans 
region. Failing to cope with such risks and problems around 50 thousand fishermen are in 
the way of change livelihood (Selim Ullah, 2009).

With the gradual depletion of inland fisheries resources, most of the fishermen are now 
relying on the rivers near to Sundarbans estuaries as well as shallow coastal waters for 
their livelihood. Fishermen from different areas already migrated to the areas nearby big 
rivers and estuaries. Sometimes they migrate seasonally to the SRF and to the islands 
deeper in the Bay of Bengal for fishing. In many instances, depletion of fisheries 
resources also encourage fishermen and other poorer communities to over exploit forest 
resources illegally. Fishermen usually collect permits to enter the SRF and its 
surrounding rivers and estuaries. Particular permit is issued against particular activity. 
Royalty is also different for these purposes. If there is no good harvest, then fishermen 
usually collect other resources e.g. Gol pata (thatching material), firewood, oyster shell, 
mud crabs and other resources to recover the cost as well as to make extra profit. Even 
whole timber plant is cut down and carried away secretly by tying up the trunk with the 
bottom part of the boats (underneath) so that it remains under water. Forest department is 
aware of these illegal activities. However, fishermen and other resource collectors usually 
manage them with bribes. As a last alternative, fishermen are being migrated from these 
areas as well as changed their livelihood. FGD, however, broadly estimated that a total of 
3000 fishermen families already migrated to other places.

6.4.3 Marine fishery resources

Marine fishes in Bangladesh are caught mostly from the three fishing grounds: the south 
patches, the middle ground, and the Swatch of no Ground, occupying about 70,000 km 
area in the Bay of Bengal. Of these the most productive zone is the ‘south patches’ area. 
Though the Bay of Bengal has about 442 species, only about 20 species are harvested 
commercially. Table 6.7 shows the trends of marine fishing over the last 15-16 years. 
During 1990-91 to 2006-07 fishing growth was 96-304% in these sectors, of which the 
highest increment was found in artisanal fishing, followed by fishing inside Sundarbans. 

Table 6.7 Trends of fish production from marine and estuarine sources over time
Sector Annual production (t) % Change

1990-91 2006-07
Marine (Industrial) 8760 35391 304
Marine (Artisanal) 232778 452047 94
Sundarbans 6651 17751 167

Data indicated that as inland sources were being gradually depleted (Table 6.7), pressure 
has been mounting on the remaining marine and estuarine sources. Therefore, it might 
reasonably be argued that, marine and estuarine sources are being over exploited, which 
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might lead to diminish fish resources in these regions in the near future. Indiscriminate 
and over fishing have already been reported to leading fish resources in the coastal seas 
to near-exhaustion (Nazimuddin, 2008). Over-fishing by 65 per cent in the seas has 
already put present stocks, as well as future fishing, in jeopardy. Overexploitation is 
concentrated mainly near the coast. At present there are over 44000 boats and fishing 
trawlers operating in the coastal region of Bangladesh. Fishing by boats are of artisanal 
type. Impacts of over fishing have already put adverse impacts on the fish stock in the 
Bay of Bengal. During 2001-02 to 2005-06 a drastic decline in fish catch per boat per day 
has been found in the Cox’s Bazaar fish landing site (Fig. 6.7; Photo 6.20). Similar trends 
were also found in case of fish harvest by registered fishing trawlers in the Bay of Bay of 
Bengal. Five years time series data showed that despite increases in efforts for fishing 
substantially, catch rates have been declining during the same time (Fig. 6.8), indicating 
increased pressure on marine fish resources. There was an incidence of huge death of 
snails and marine turtles at Cox’s Bazaar sea beach, in April, 2004. According to the 
scientists it was due to catching of mother shrimps for the shrimp hatcheries. There are 
about 60 shrimp hatcheries in Cox’s Bazaar. Every day about 50 trawlers catches mother 
shrimp from the bottom of the sea. During operation huge quantity of other fishes and 
other organisms are caught and finally killed. Some times even marine turtles are also 
killed. On average, 4000 tons of mother shrimps are caught annually from four fishing 
regions of the Bay of Bengal (Anon, 2009a). 

The fisheries resources of the coastal area have also been affected by ship breaking 
activities and other industrial and commercial activities as revealed by increased fishing 
efforts, reduced species diversity, increased amount of trash fish (Siddiquee, 2004). A 
comparison between 15 years interval revealed that around 21 fish species were extinct in 
and around ship breaking areas in Chittagong (Alam et al., 1989; Hossain & Islam, 2004). 
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Fig. 6.8 Fish and shrimp catch rate by registered shrimp trawlers in the Bay of Bengal
(Source: DoF Statistical Yearbook 2006).

  
Photo 6.20 (a) Boats returning from the sea to Cox’s Bazaar fish landing site; (b) Little 
harvest after spending overnight in the shallow coastal sea.

6.5 Shrimp farming: sources of vulnerability and coping strategies

Shrimp farming is not also a highly profitable business as was during 10-15 years before. 
During the early stages of shrimp farming productivity increased remarkably which 
encouraged more and more people to be either directly engaged or lease out their lands in 
shrimp farming. But after 1998-2000 virus problem appeared as an important detrimental 
factor against productivity. Although, confusions remain regarding blaming virus 
problem as the main culprit, investigations earlier also revealed that several 
environmental problems were also responsible for lower production. These were natural 
calamities, improper water management and other cultural management as well. At 
present shrimp productivity is all time lower. There are other problems as well. These 
are: loss of shrimps due to cyclonic storms and tidal surges; lesser availability of natural 
shrimp fries; high mortality of shrimp fries from hatcheries; dependency on other districts 
for shrimp fry; high price of inputs e.g. feeds, medicines, etc.; syndication by buyers and 
shrimp processing plants resulting low price of shrimps. Besides, disease and 
management related problems, shrimp farms also have become more and more vulnerable 
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to natural calamities. Cyclones and tidal surges frequently take a heavy toll to shrimp 
production in recent times (Photo 6.21). Recent devastation caused by cyclone Aila to an 
organic shrimp farm in Shyamnagar can be visible from Photo 6.21. Shrimp farming still 
remains more profitable than other agricultural enterprises. However, as a result of risks 
and uncertainties including climatic hazards, the profitability has been declining.

Shrimp farmers usually take different measures based on their own knowledge and 
judgment to save their valuable harvest at individual and/or local initiatives. However, 
sometimes situation goes beyond their control, and they become totally helpless when 
shrimp dying reaches very high level. Some also apply different types of medicines, 
insecticides, homeopathic medicine and even healed water (locally called Pani Para) from 
local religious persons as a last attempt to save their valuable products. In recent rimes, 
however, a movement has grown up popularly called “Organic Shrimp Farming.” 
Organic shrimp farming was initiated after 2006 when EU banned shrimp import from 
Bangladesh due to the presence of antibiotics above the level set by EU directives. 
Organic farm as it was claimed was not a true organic type as was revealed through field 
investigations. They use certain chemicals as well as external feeds in those so called 
“organic shrimp ponds.” However, the organizers of the campaign were able to involve 
hundreds of shrimp farmers to take some local measures, e.g. widening of the dykes in 
between farms, planting of trees on the dykes so that litter fall can be transformed into 
feed for shrimp larvae, use of compost as feed in shrimp farms. The details of an organic 
shrimp farmer have been provided in Appendix-25 (Case study 5).

   
Photo 6.21 An organic shrimp farm (a) before and (b) after cyclone Aila.

6.6 Salt production: sources of vulnerability and coping strategies

Salt production, although was termed as an anthropogenic activity causing more and 
more agricultural land areas under production, salinization of soil, pollution of soil and 
water resources, several problems existed regarding the livelihood of the workers as well 
as lease takers at field level. Majority of the salt producers are poor and use the open bed 
method i.e. without using polythene in the crystallization bed. The salts produced in open 
bed are of lower price and benefit cost ratio is too low for their sustenance. In addition to 
lower productivity they are frequently deprived from getting actual price due to price 
syndication by the salt mill owners. Not only that, they are further exploited by the land 
owners through signing of uneven lease agreements which allows the land lord to take 
much more share of the produced salt. Furthermore, they are also overexploited by the 

a b
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local money lenders who give them loan at very high interest rates. As a cumulative 
effect, many of the poor salt producers have already changed their livelihood and 
migrated to the urban areas of Chakaria and other parts of Cox’s Bazaar district.

The poor salt farmers have nothing left as mitigation strategy against the problems 
mentioned above. However, the only strategy they can adopt for short time is to store the 
salt in the salt field for a short period of time (Photo 6.22).

Photo 6.22 Salt storage pond within the salt production field in Chakaria.

6.7 Concluding Remarks

The study revealed that anthropogenic activities have been playing detrimental roles 
behind lowering of productivity of agricultural production practices as well as fisheries 
resources and productivity. It was also evident that production activities have been facing 
several vulnerabilities out of anthropogenic activities as well as other associated causes 
including natural calamities across the coastal region. Local communities, however, have 
been putting their efforts to cope with such vulnerabilities, still not sufficient at local 
level. Policy planning, intervention and support seem to be essential towards sustainable 
management of production environments as well as building capacity of the local 
communities to cope with associated vulnerabilities.
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CHAPTER 7

FOOD SECURITY PROSPECTS IN THE STUDY UPAZILAS

7.1 Food Security Status Estimated at Community Level

Food security status in terms of demand, production as well as supply of rice and 
common vegetables of the study upazilas was estimated at community level through FGD 
with different sections of the local communities as well as open discussions and personal 
communications at various levels in each upazila. Summary of the findings from these 
discussions has been shown in Table 8.1. It was revealed that all the upazilas are deficient 
in rice production by varying margins. Particularly, in the downstream areas with higher 
salinity, the local production was not able to meet local demand. However, the situation 
was relatively better in upstream areas where salinity was lesser resulting rice and 
vegetables to grow well. Similar was the situations with vegetables. Food security 
situation in Chakaria was comparatively better, while the situation was the worst in 
Rampal being followed by Shyamnagar and Paikgacha. Most of the time rice is imported 
from other areas outside these upazilas, particularly in Rampal. The main reason behind 
such deficit was identified as expansion of shrimp farming, particularly year round 
shrimp farming, reduction in agricultural land area due to expansion of housing and 
settlements and road networks, expansion of commercial areas e.g. markets and bazaars, 
etc.

Table 7.1 Rice and vegetable sufficiency estimated through FGDs and discussion 
meetings

Upazila Rice sufficiency (%) Vegetables sufficiency (%)
Shyamnagar
Buri Goalini 25-30 15-20
Atulia 40-50 35-40
Sadar 70-80 80-100
Paikgacha
Kopilmuni 80-90 80-100
Laskar 25-30 20-30
Godaipur 50-60 30-40
Rampal
Sadar 20-25 15-20
Ujalkur 30-40 60-70
Perikhali 20-30 20-25
Chakaria
Dulahazra 60-70 70-80
Paschim Baraveula 70-80 40-50
Badarkhali 40-50 30-40
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7.2 Food Security Status Estimated at Trader Level

7.2.1 Rice sufficiency

Rice traders including both wholesalers and retailers were interviewed at the main Bazaar 
in all the four study upazilas. Separate discussions meetings were held with five 
wholesalers and five retailers. 5-6 vegetable sellers were also interviewed in the each 
bazaar. In addition, three rice mill owners were interviewed in Rampal. Also, one large 
rice mill was interviewed in Kopilmuni in Paikgacha and Jhaudanga in Satkhira Sadar. 
Moreover, a large vegetables wholesale market Kaligonj upazila was also visited. During 
each discussion meeting inquiry was made about the source of the rice as well as 
vegetables kept for trading during the time of discussion and interview. Secondly 
opinions were sought regarding rice and vegetables sufficiency and/or deficiency 
situations in respective upazilas. Summary of the findings were presented in Table 7.2.

In Shyamnagar Bazaar all the wholesalers gave opinion that 70-75% of the rice in present 
stock for trading were from outside sources. Rice is mainly imported to the Shyamnagar 
wholesale bazaar from large rice mills situated at Jhaudanga and Nurnagar near Satkhira 
town. However, they also indicated that these rice mills import unhusked paddy from 
Satkhira Sadar (at upstream), upstream areas of Khulna, Zhenaidaha, Naogaon, Kushtia, 
North Bengal districts, and even Netrakona district (in the Northeast region of 
Bangladesh). The main reason behind deficiency was identified as the massive expansion 
of brackish water shrimp farming in the upazila. Traders opined overwhelmingly that 
before massive expansion of shrimp farming, rice were exported from Shyamnagar to 
other areas of the country. But at present, major sources of rice is outside. However, there 
were opinions that after harvest of T. Aman, rice is also exported from Shyamnagar, but 
it lasts for 2-3 months. During rest 9-10 months rice is being imported from other regions 
to meet up local demand. The reason behind such seasonal export was that, in other 
regions MV rice varieties usually ripe later, that’s why Aman rice is exported from 
Shyamnagar by some traders to get higher price. If Aman rice is not exported then 
Shyamnagar will be sufficient for six months of a year (i.e. 50% sufficiency). 

The opinions raised by the rice wholesalers in Paikgacha were similar to those in 
Shyamnagar. Traders made an estimate that 25-30% of the traded rice is from local 
source, rests are coming from outside the Upazila. Out-sources were similar as in 
Shyamnagar as pointed out by the wholesalers in Paikgacha because both the upazilas 
were diverted at the end part from a common road network. When one large rice mill in 
Kopilmuni was interviewed they reported that rice is mainly imported from Jessore and 
upstream areas of Khulna districts. They also reported that husked rice are also imported 
directly from Noornagar and Jhaudanga in Satkhira to meet up the demand in Paikgacha. 
These rice are taken directly to the main bazaar in Paikgacha town, from their it is 
distributed to different bazaars at downstream.

In Rampal the overwhelming opinion made by the wholesalers was that food security 
situation is the worst in Rampal sine only 20-25% of the local demand is met by rice 
from local sources, and the situation continues throughout the year. Retailers also gave 
similar opinions although they collect rice for retailing mainly from the wholesalers as 
well as Millers. Rice mill owners also gave similar opinions as they collect unhusked 



145

paddy mainly from out-sources. The main sources of unhusked paddy in these rice mills 
were Barguna, Barisal, , Faridpur, Gopalgonj, Patuakhali, Bhola, Kurigram, as well as 
other North Bengal districts. Rice millers identified two main reasons behind drastic fall 
in rice production in Rampal as waterlogging and salinity.

In Chakaria rice sufficiency situation was found better than in other upazilas. Around 40-
50% of the traded rice in Chakaria main bazaar were from local sources whereas, 
majority, although by a lower margin, were from out-sources (Table 7.2) i.e. mainly from 
Myanmar. The wholesalers, although differed from each other regarding the ratio 
between sufficiency and deficiency, however, reached an agreement that at present the 
Upazila is 60% sufficient in rice (Range: 40-80%). The main out-sources were North 
Bengal, Chittagong and Myanmar as they opined. The main reasons behind declining self 
sufficiency levels, as they opined, were expansion of shrimp and salt production areas, 
increases in houses, settlements and road infrastructures, expansion of town areas, 
development of GO and NGO institutions. Traders reported that the local source of rice 
has been squeezing day by day. The main reason was the lower price of imported rice 
from Myanmar, which at present is dominating markets in Chakaria and other areas in 
Cox’s Bazaar.

Discussion with traders in Paikgacha and Rampal also revealed that, after the devastation 
caused by cyclone SIDDR, import of rice increased manifold from the other regions to 
meet up demand in the SW region leading to increase in rice price in those regions as 
well. So, it might be argued that food security issue in the SW region, as under growing 
vulnerabilities arising out from anthropogenic activities as well as climatic hazards, also 
appears as a concern for other regions of the country as well.

7.2.2 Vegetables sufficiency

In Shyamnagar, Paikgacha and Rampal, all the vegetable traders opined that the main 
sources of vegetables traded in these Upazilas were from outside the Upazila and even
district (Table 7.2). The situation was the worst in Rampal where less than 25% of the 
traded vegetables were from local sources, being followed by Shyamnagar (30-40%) and 
Paikgacha (40-50%). In Shyamnagar, the major out-sources were Kaligonj, Debhatta, 
Kalaroa upazilas of Satkhira district. Even vegetables were being imported from 
upstream areas of Khulna, Jessore and Jhenaidaha districts to meet up local demand as 
they opined upon consensus. In Paikgacha, the main sources were upstream upazilas of 
Satkhira, Khulna, and Bagerhat, and Jessore. However, traders also reported that 
vegetables grow well in Kopilmuni and some other upstream areas of Paikgacha where 
shrimp farming has not yet invaded. That’s why sufficiency level is comparatively higher 
than in Shyamnagar. However, Chakaria was found to be sufficient in vegetables. 
Although expansion of shrimp farming and salt production hampered vegetables 
production in the downstream areas, vegetables are grown in the foothills and upstream 
areas of Chakaria and meet the demand in downstream areas. However, seasonally 
Chakaria becomes deficit in vegetables production, particularly during monsoon. Then 
vegetables are being imported from Chittagong, Hill Tracts and other areas of Cox’s 
Bazaar. However, that was not a dominant feature as the traders opined. 
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Table 7.2 Rice and vegetable sufficiency at upazila level estimated through FGDs with 
rice and vegetable traders

Upazila Source of traded rice 
(%)

Overall rice 
sufficiency 

(%)

Source of traded 
vegetables (%)

Overall 
vegetables 
sufficiency 

(%)
Internal External Internal External

Shyamnagar 25-30 70-75 30-40 30-40 60-70 30-40
Paikgacha 25-30 70-75 30-40 40-50 50-60 40-50
Rampal 20-25 75-80 20-25 20-25 80-85 15-20
Chakaria 40-50 50-60 60 100 0 80-100

7.3 DAE estimates on food balance at upazila level

Data on food balance at Upazila level were obtained from respective DAE Offices and 
were shown in Fig.7.1, 7.2, 7.3 and 7.4. Data indicated that food security is vulnerable in 
all the Upazilas except Chakaria with special emphasis to Rampal. Food security status of 
Shyamnagar and Paikgacha were very much marginal with couple of years under food 
deficit situations (Fig. 7.1; 7.2). Rampal has been deficit in rice production since 2003-04 
(Fig. 7.3). Chakaria, however, has been food surplus all along and the trend of surplus has 
been growing according to DAE data (Fig. 7.4).
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Fig.7.1 Food security status in Shyamnagar upazila (Source: DAE).
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Fig.7.2. Food security status in Paikgacha upazila (Source: DAE).
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Fig.7.3 Food security status in Rampal upazila (Source: DAE).
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Fig.7.4 Food security status in Chakaria upazila (Source: DAE).

There existed considerable gaps between food security status estimated at community 
level as well as trader level with the figures provided by DAE. However, according to 
DAE, in Shyamnagar shrimp farming is dominant in 3 unions, while mixed land use of 
rice and shrimp were reported in 2 unions, and the rest 7 unions out of 12 unions were 
dominated by rice cultivation. In Rampal, shrimp farming is done in all the 10 unions 
along with rice cultivation. However, rice is mainly local variety with very low yield 
potential. Again, MV rice cannot withstand high salinity prevailing over majority of the 
upazila. In Paikgacha, among the 10 unions, only 2 unions were identified with rice as 
dominant land use, while 3 unions were dominated by shrimp farming, and the rest 5 
unions were mixed, i.e. shrimp farming and rice cultivation. In Chakaria, among the 18 
unions 11 were rice dominant where 7 were shrimp and/or salt production dominant. 
Details of rice production from all the unions could not be collected from the study 
upazilas. It might be mentioned that DAE claimed that rice is being cultivated in majority 
of the shrimp farming areas, while discussions at community levels did not agree with 
this claim. However, considering opinions from all the sections of the local communities 
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including DAE an assumption of rice and vegetables sufficiency level was drawn and 
presented in Table 7.3. 

Table 7.3 Rice and vegetables sufficiency based on opinions of different stakeholders in 
the study Upazilas

Upazila Rice sufficiency (%) Vegetables sufficiency (%)
Shyamnagar 60-70 30-40
Paikgacha 70-75 30-40
Rampal 20-30 20-25
Chakaria 80-90 100

7.4 Future Projections of food balance at upazila level

It might also be mentioned that, there had been wide gap between productivity of rice 
estimated by DAE and field estimates. In all the cases, field estimates were lower than 
the DAE estimates as discussed earlier. Field estimates were done in 15 rice fields in 
three Unions during Aman and Boro season in 2008-09. According to DAE estimates as 
well as claims made by them, the upazilas were rice sufficient with sporadic deficit 
situation from year to year due to natural calamities in Shyamnagar and Paikgacha, 
whereas Chakaria was surplus considerably. However, DAE Officials in Rampal 
admitted that the upazila was rice deficit for the last 5 years and the deficit has been 
growing. Opinions were then sought from different sections of peoples through FGD and 
discussion as well as personal interviews with both GOs and NGOs in each Upazila.

In addition to the estimates derived from growers, traders and other stakeholders in each 
upazila, future projections of demand, production and balance of rice (paddy) were done 
for the study Upazilas by utilizing the land utilization data and yield data derived from 
DAE as well as field estimates of rice yields. Time frame for future projection was fixed 
up to 2030. The basic considerations taken into account while making the projections are 
shown in Table 7.4. Population growth rate in Shyamnagar, Paikgacha, Rampal and 
Chakaria were 1.6, 2.5, 1.4, and 2.6%, respectively (based on 2001 census).

Table 7.4 Considerations for future projections of paddy production and balance

Parameter Assumption
Population growth rate Growth rates obtained from Upazila Statistical Offices
Adult population 89% of the total population (DAE standard)
Human requirement of paddy 681.1 g/cap/day equivalent to 453.6 g/cap/day of 

husked rice (DAE standard)
Wastage and use as seed 10% of total production (DAE standard)
Projection period Up to 2030 

7.4.1 Future projections of food balance in Shyamnagar

Data on land utilization as well as areas under different crops along with productivity 
since 1989-90 to 2007-08 were obtained from DAE (Appendix 7.1, 7.2). Based on the 
DAE data, field estimates of paddy yield as well as several assumptions and 
considerations four scenarios were drawn (Table 7.5)
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Table 7.5 Facts and assumptions set under different scenarios in Shyamnagar
Parameter Scenario-1 Scenario-2 Scenario-3 Scenario-4
Population 
growth rate

1.6%

Net cropped 
area (NCA)

Normal trend Normal trend Normal trend Normal 
trend

Aus 
productivity

Normal trend based 
on DAE estimates

2.05 t/ha (Field 
estimate)

2.05 t/ha (Field 
estimate)

2.05 t/ha 
(Field 
estimate)

T. Aman
productivity

Normal trend based 
on DAE estimates

3.29 t/ha (Field 
estimate)

3.29 t/ha (Field 
estimate)

3.29 t/ha 
(Field 
estimate)

Boro
productivity

Normal trend based 
on DAE estimates

4.5 t/ha (Field 
estimate)

4.5 t/ha (Field 
estimate)

4.5 t/ha 
(Field 
estimate)

Rice coverage 
area

97% of NCA 97% of NCA 97% of NCA 97% of 
NCA

Target: NCA Normal trend based 
on DAE estimates

Normal trend 
based on DAE 
estimates

Reduce loss 
from 1.427% to 
1% in next 10 
years and 
maintain up to 
2030

Increase 1% 
per annum 
during the 
next 10 
years and 
maintain up 
to 2030

Target: Boro
coverage area

Normal trend based 
on DAE estimates

Normal trend 
based on DAE 
estimates

Increase  by 
1%/yr

Increase  by 
1%/yr

Target: Aman
productivity

Normal trend based 
on DAE estimates

Maintain up to 
2030

3.59 to 4.5 t/ha 
during the next 
10 years

3.59 to 4.5 
t/ha during 
the next 10 
years

Target: Boro
productivity

Normal trend based 
on DAE estimates

Maintain up to 
2030

4.5 to 5.5 t/ha 
during the next 
10 years

4.5 to 5.5 
t/ha during 
the next 10 
years

Scenario-1: Scenario-1 was constructed by making trend lines based on 19 years DAE 
database. It was revealed that the Upazila is already food deficit, although the gap was 
minimized during recent years (e.g. 1998-2002). But since then the gap between demand 
and production will be widening with the progress of time and until 2030 there will be a 
deficit of around 70000 tons of paddy (Fig.7.5).

Scenario-2: Scenario-2 was constructed based on the field estimates and assuming that 
the productivity will be maintained up to 2030. It was revealed that deficit situation will 
be similar to that in scenario-1, however, gap between demand and production will be
minimized to some extent (Fig. 7.5).
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Scenario-3: As high yielding varieties of rice are being introduced as well as 
management practices have been improving considerably it was assumed that crop 
management practices should be improved along with reduction in current loss of net 
cropped area (1.427%/year). Assuming that productivity of Aman and Boro rice to be 
raised from the current level to 4.5 and 5.5 t/ha, respectively, as well as increase in Boro 
coverage area by 1% per annum until 2030, the gap between demand and production 
could be further minimized to around 25000 tons by 2030 (Fig. 7.5).

Scenario-4: Along with the considerations mentioned in Scenario-4, if we can increase 
net cropped area from the existing level by 1% per annum until 2030, Shyamnagar will 
become food surplus from 2011-12 to onwards until 2030 (Fig. 7.5). Thereafter, the 
upazila again will face deficit situation.
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Fig. 7.5 Balance of rice (paddy) in Shyamnagar up to 2030 under different scenarios.

7.4.2 Future projections of food balance in Paikgacha

Data on land utilization as well as areas under different crops along with productivity 
since 1998 to 08 were obtained from DAE (Appendix 7.3, 7.4). Based on the time series 
data, field estimates of paddy yield as well as several assumptions and considerations 
three plausible scenarios were constructed (Table 7.6). It might be mentioned that, Aus 
rice was not included in the scenarios since its coverage area was negligible, gradually 
declining and comprising only 0.16% of the net cropped area. 



151

Table 7.6 Facts and assumptions set under different scenarios in Paikgacha
Parameter Scenario-1 Scenario-2 Scenario-3
Population growth rate 2.5%
Net cropped area 
(NCA)

Normal trend Normal trend Normal trend

T. Aman productivity Normal trend 
based on DAE 
estimates

3.28 t/ha (Field 
estimate)

3.28 t/ha (Field 
estimate)

Boro productivity Normal trend 
based on DAE 
estimates

4.24 t/ha (Field 
estimate)

4.24 t/ha (Field 
estimate)

Target: NCA Maintain the 
normal trend

Maintain the 
normal trend

Maintain the normal 
trend

Rice coverage area 66% of NCA 66% of NCA 66% of NCA
Target: Aman 
productivity

Normal trend 
based on DAE 
estimates

Maintain up to 
2030

3.58 to 4.5 t/ha 
during the next 10 
years and maintain 
up to 2030

Target: Boro 
productivity

Normal trend 
based on DAE 
estimates

Maintain up to 
2030

4.24 to 5.5 t/ha 
during the next 10 
years and maintain 
up to 2030

Scenario-1: Based on 10 years of DAE database normal trends were drawn until 2030 
regarding area under rice crops and productivity and projection was made (Fig. 8.6). 
DAE database indicated that the Upazila is marginally surplus in food production, but in 
a declining trends in the coming years (Appendix 7.3; 7.4). The official food balance as 
shown by DAE (Fig.7.3) also indicated that the Upazila is surplus region with couple of 
cases on deficit figures. Scenario-1 also resembled DAE estimates as well as well as 
indicating growing trends of deficit with the progress of time (Fig. 7.6).

Scenario-2: When field estimates were used to draw projections, it was found that the 
Upazila has already been in deficit situation and such deficit situations will be widened 
until 2030 under conditions that the productivity will be maintained during this time 
frame (Fig.7.6).

Scenario-3: To maintain satisfactory levels of food security a third scenario was drawn. 
Here it was assumed that productivity of Aman and Boro rice will be increased from 
present levels to 4.5 and 5.5 t/ha, respectively in the next 10 years and the increased yield 
levels will be maintained until 2030. Projection indicated that under those conditions 
food security status is likely to increase considerably after 2009 and onwards (Fig.7.6).
However, the upazila will again face food deficit after the projected period (Fig. 7.6).
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Fig. 7.6 Balance of rice (paddy) in Paikgacha up to 2030 under different scenarios.

7.4.3 Future projections of food balance in Rampal

Rampal Upazila is still dominated by local Aman rice cultivation covering around 87% of 
the net cropped area (Appendix 7.5, and 7.6). Based on the time series data for the last 10 
years, field estimates of paddy yield as well as several assumptions and considerations 
four plausible scenarios were constructed (Table 7.7).It might be mentioned that Aus rice 
was not included in the scenarios since Aus rice area is almost nil in Rampal comprising 
only 0.1% of the NCA in 2008.

Scenario-1: Under the business as usual scenario i.e. DAE database and production 
trends, projection shows that the Rampal Upazila has been deficit in rice production since 
early 2000 (Fig. 7.7) and the deficit will further grow progressively in the coming years. 
This trend also coincided with the official food balance figures provided by DAE (Fig. 
7.3).

Scenario-2: By the productivity figures mentioned by the DAE with those obtained 
through field estimates in 2008 it was found that the food deficit situation will widen with 
the days to come even if the current productivity is maintained in the coming years (Fig. 
7.7). 

Scenario-3: In addition to scenario-2, if the productivity levels of Aman (LV), Aman 
(MV) and Boro rice could be increased considerably during the following 10 years and 
maintained (Table 7.7), food deficit situation will be reduced to some extent and a steady 
state will prevail until 2020. However, deficit situation will again grow after 2020 (Fig. 
7.7).

Scenario-4: Under conditions that productivity of Aman and Boro rice will be increased 
considerably in the next ten years along with increase in Aman (MV) coverage area and 
subsequent decrease in Aman (LV) area (Table 7.7). Besides, if net cropped area is 
increased by 1% per year, the upazila is expected to be food surplus by 2030 (Fig. 7.7) 
provided that all the assumptions will be fulfilled.



153

Table 7.7 Facts and assumptions set under different scenarios in Rampal

Parameter Scenario-1 Scenario-2 Scenario-3 Scenario-4
Population 
growth rate

1.4%

Net cropped 
area (NCA)

Normal trend Normal trend Normal trend Normal trend

Aman (LV) 
productivity

Normal trend 
after 10 years 
of DAE 
estimates)

1.8 t/ha (Field 
estimate)

1.8 t/ha (Field 
estimate)

1.8 t/ha (Field 
estimate)

Aman (MV) 
productivity

Normal trend 
after 10 years 
of DAE 
estimates)

3.03 t/ha 
(Field 
estimate)

3.03 t/ha (Field 
estimate)

3.03 t/ha (Field 
estimate)

Boro
productivity

Normal trend 
after 10 years 
of DAE 
estimates)

4.38 t/ha 
(Field 
estimate)

4.38 t/ha (Field 
estimate)

4.38 t/ha (Field 
estimate)

Rice coverage 
area

102% of NCA 102% of 
NCA

102% of NCA 102% of NCA

Target: NCA Normal trend 
based on DAE 
estimates

Normal trend 
based on 
DAE 
estimates

Normal trend based 
on DAE estimates

Increase by 1% per 
year up to 2030

Target: Aman
(LV) 
coverage area

Normal trend 
based on DAE 
estimates

Normal trend 
based on 
DAE 
estimates

Normal trend based 
on DAE estimates

Decrease by 10% 
per year

Target: Aman
(MV) 
coverage area

Normal trend 
based on DAE 
estimates

Normal trend 
based on 
DAE 
estimates

Normal trend based 
on DAE estimates

Increase by 10% per 
year

Target: Aman
(MV) 
productivity

Normal trend 
based on DAE 
estimates

Maintain up 
to 2030

Increase from 1.8 to 
2.5 t/ha in next 10 
years, and then 
maintain until 2030

Increase from 1.8 to 
2.5 t/ha in next 10 
years, and then 
maintain until 2030

Target: Aman
(MV) 
productivity

Normal trend 
based on DAE 
estimates

Maintain up 
to 2030

Increase from 3.03 to 
4.5 t/ha in next 10 
years, and then 
maintain until 2030

Increase from 3.03 
to 4.5 t/ha in next 10 
years, and then 
maintain until 2030

Target: Boro
productivity

Normal trend 
based on DAE 
estimates

Maintain up 
to 2030

Increase from 4.38 to 
5.5 t/ha in next 10 
years, and then 
maintain until 2030

Increase from 4.38 
to 5.5 t/ha in next 10 
years, and then 
maintain until 2030



154

Rampal

-40000

-20000

0

20000

40000

60000

80000

19
98

20
00

20
02

20
04

20
06

20
08

20
10

20
12

20
14

20
16

20
18

20
20

20
22

20
24

20
26

20
28

20
30

Am
ou

nt
 (t

)

Poly. (Demand)
Poly. (Balance (S-1))
Poly. (Balance (S-2))
Poly. (Balance (S-3))
Poly. (Balance (S-4))

Fig. 7.7 Balance of rice (paddy) in Rampal up to 2030 under different scenarios.

7.4.4 Future projections of food balance in Chakaria

Officially Chakaria is food surplus all along as revealed from the official DAE database 
on land utilization (Appendices 7.7, and 7.8). Data also indicated that productivity levels 
of all the rice types are higher than in other Upazilas. Moreover, it is unlikely that there 
will be substantial increases in yield in the days to come under context of resource 
degradation as a whole. Also, there was a limitation that database were not obtained 
before 1998. With 10 years database it was difficult to draw projections over a long 
period of time. However, based on the available database, field estimates and 
assumptions two scenarios were constructed (Table 7.8). 

Table 7.8 Facts and assumptions set under different scenarios in Chakaria

Parameter Scenario-1 Scenario-2
Population growth rate 2.3%
Net cropped area 
(NCA)

Normal trend Normal trend

Aus productivity 3.9 t/ha (10 years average of 
DAE estimates)

3.2 t/ha (Field estimate)

Aman (MV) 
productivity

5.43 t/ha (10 years average of 
DAE estimates)

3.76 t/ha (Field estimate)

Boro productivity
5.41 t/ha (10 years average of 
DAE estimates)

4.58 t/ha (Field estimate)

Rice coverage area 138% of NCA 138% of NCA
Target: NCA Normal trend based on DAE 

estimates
Normal trend based on 
DAE estimates

Target: rice 
productivity

Maintain until 2030 Maintain up to 2030
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Scenario-1: In this scenario trends in productivity were not used due to absence of long 
term data as well as trends showing unrealistic higher productivity in the future years 
(Appendix-22). Therefore, 10 years average productivity of aus, Aman and Boro rice 
were used and assumed that these will be maintained until 2030. Projection (Fig. 7.8) 
revealed that the Upazila will remain sufficiently food surplus in the years to come. 
Decline in surplus situation will be apparent by the inception of 2030. 

Scenario-2: By using the field level yield estimates, it was revealed that the Upazila will 
remain food surplus for the same time frame, however, at a narrower margin (Fig.7.8). 
Therefore, precautions are to be taken for this upazila under log term perspective.
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Fig. 7.8 Balance of rice (paddy) in Chakaria up to 2030 under different scenarios.

Data obtained at various levels indicated that all the upazilas are food deficit by different 
margins as opined by different sections of local communities. So, even under conditions 
of food surplus situation, although marginally in Chakaria, it is assumed that this upazila 
might turn into food deficit situations if attention is not paid regarding expansion of 
shrimp farming, salt production, soil fertility as well as natural calamities which is very 
much frequent across the region with increased frequencies in recent years. At the same 
time, the food surplus situation might turn into bad if the trends of increase in shrimp 
farming and salt production areas increase in the coming years.

It might be mentioned that discrepancies remained between opinions raised in FGD and 
discussion, field estimates made, as well as DAE estimates, particularly in Chakaria. This 
problem, however, could not be solved as it would need further in-depth investigation 
comprising of time series monitoring. Therefore, further investigations seemed essential 
in this regards
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Three major assumptions were increase of productivity, crop coverage area as well as net 
cropped area. Productivity increase is not unrealistic since in several places in these 
Upazilas Boro productivity of over 5.5 t/ha was noticed. Again, Aman productivity of 4.5 
t/ha was also evident in several instances. However, in areas where shrimp farming has 
been dominating, the task will be difficult to increase productivity up to this level and 
maintain it, but not impossible. Because, in all the areas majority of the farmers, 
particularly small land holders were much willing to go back to rice farming. But they 
were afraid to experiment with rice cultivation under prevailing situation in an 
apprehension of possible rice failure due to high levels of salinity in the shrimp 
dominated areas. However, if government support and/or intervention is available then 
the task would be easier. Thirdly, net cropped area can also be increased if shrimp area 
can be reduced by the same margin even under conditions of growing population and 
subsequent decline in per capita land area.

Boro rice productivity was higher among the three rice crops. But in 2009 there were 
yield loss reports due to lack of rainfall and lack of sweet water sources in many places. 
Farmers demand was to create sweet water reservoirs so that Boro rice can be irrigated at 
the time of its requirement. During FGDs, open discussion meetings as well as field visits 
rice farmers and other sections of the people suggested that the canals which were already 
under lease to shrimp farmers by the local government authorities should be freed and 
preserved as sweet water source. By doing this two types of benefits can be derived. 
Firstly, there will be permanent source of irrigation. Secondly, local fish species will 
again grow in these water bodies. In Rampal it was found that farmers were digging 
canals voluntarily to create sweet water source. Farmers were found determinant to grow 
Boro rice in the next season. Such determination should be encouraged by the 
government, particularly for Rampal where plausible projections could not solve the 
problems of food deficit. Government should pay special attention on the downstream 
Upazilas in the southwestern region with special emphasis on Rampal and in other 
similar environments.
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CHAPTER 8

SOCIO-ECONOMIC VULNERABILITIES ARISING FROM 
ANTHROPOGENIC ACTIVITIES AND COPING STRATEGIES

The present study revealed several socioeconomic vulnerabilities as a result of 
anthropogenic activities in the coastal region of Bangladesh. The major socio-economic 
impacts were identified as widespread crisis of biomass fuel, drinking water and fodder, 
deterioration of health and sanitation all of which were the primary result of salinity. 
Increases in salinity was identified as the outcome of brackish water shrimp farming 
since this sector has been identified as the major man made activity at both local and 
regional level. However, widespread shrimp farming was the resultant effect of coastal 
embankment as well as drying up of rivers and canals across the region. Unilateral 
withdrawal of Ganges water was also identified as a major player behind degradation of 
natural resources, thus limiting resource base for the local poor communities. Other 
activities e.g. industrial and commercial activities also have been identified as agents 
behind degradation process of the coastal ecosystems and environments, thus limiting 
production potential of the resource base. As a result, there were increasing incidence of 
deprivation and reduced access to livelihood activities based on common natural 
resources, social conflicts and disharmony, and landlessness which ultimately forced 
resource poor people to change their livelihood as well as migrate to other places for 
sustenance of livelihood.

8.1. Availability and Supply of Biomass Fuel

8.1.1 Current situation

Cooking of food items is an essential part of daily sustenance and for that uninterrupted 
supply of biomass fuel is also essential for every household. Types of biomass fuel used 
by the respondent households have been presented in Fig. 8.1. In all the upazilas fuel 
materials from plantation sources i.e. firewood and twigs and leaves have been playing 
overwhelming role as biomass fuel. It might be noted that cowdung has also been playing 
a considerable role as biomass fuel in all the study upazilas. 

When source was considered all the three upazilas in the SW region, market has been 
playing dominant role in supplying biomass fuel (Fig. 8.2). Households were found to 
spend considerable sums for collecting biomass fuel materials. In Shyamnagar, Paikgacha 
and Rampal, households had to spend 13-14% of their annual income for purchasing 
biomass fuel materials (Fig. 8.3). FGD, however, revealed that nearly all the firewood 
traded in the informal village markets were coming from the forest i.e. Sundarbans as 
well as Chakaria reserved forests through illegal ways.
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Fig. 8.1. Types of biomass fuel used by the respondent households in the study Upazilas
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Fig. 8.2. Sources of biomass fuel materials in the study upazilas

8.1.2 Major causes of vulnerability and coping strategies 

Increase in soil salinity was regarded as the root cause behind scarcity of biomass fuel. 
Salinity put adverse impacts on homestead plantation, reduced rice coverage area and 
productivity of rice straw, and almost depleted jute coverage area. The result was severe 
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biomass fuel crisis in the study areas, particularly creating severe hardship for poor 
communities to collect fuel materials (Photo 8.1). Resource poor households, particularly 
small and landless households are in the most vulnerable situation in this regard.

Due to shortage of fuel materials, particularly during monsoon period, households used to 
cook food items single time for the whole day and even cook less food to save scarce fuel 
materials. To mitigate with such crisis, use of cow dung in the form of stick and cake 
(Photo 8.2) as biomass fuel is common in the study areas. Even cow dung sticks are 
marketed in all the study areas (Photo 8.1a). Informal markets of biomass fuel have 
grown in the study areas where biomass fuels are collected from the nearby forests and 
sold in the villages. As discussed earlier, market plays dominant role in supplying 
cooking fuel. Among the marketed firewood, 50-90% comes from the forests either 
directly or through markets. Field visit in Dulahazra in Chakaria revealed stockpiles of 
tender trees cut illegally from Chakaria reserved forest and stored in an open place and 
waiting to be sold (Photo 4.9; Chapter 4). Crisis of biomass fuel enhanced the use of cow 
dung as fuel material which was supposed to be used as soil amendment. Informal 
markets have also developed for selling cow dung cakes and sticks in the study areas 
(Photo 8.1, 8.2)
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Fig. 8.3 Percent share of biomass fuel cost in relation to annual household income.

     
Photo 8.1. (a) Firewood purchased from markets; (b) Cow dung sticks are being taken to 
market for selling.
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Photo 8.2. Cow dung sticks and cakes are being prepared for household use as well as 
marketing. 

8.1.3 Prospects

Usually rural households were supposed to derive their cooking fuels from their 
homestead sources which is the usual scenario for the rural Bangladesh. But in the coastal 
region, the situation is different. As shown in Fig. 8.2, the lion share of biomass fuel is 
coming from formal/informal markets rather than household’s own sources. Again, 
around 50-90% of the traded biomass fuel materials were coming from the reserved 
forests in all the upazilas. Therefore, under present trends of increasing population, 
declining homestead plantations and crop agriculture, diminishing local forest resources 
it might be reasonably argued that biomass fuel crisis will be deepened in the years to 
come leading to the over exploitation and further degradation of the remaining forest 
reserves as well as plantation forests. Degradation of the natural forests is likely to 
squeeze livelihood opportunities of the forest dependent communities. Moreover, such 
degradation might aggravate the occurrence of natural calamities in the region in the days 
to come. Again, increasing use of cowdung as biomass fuel rather then applying to 
agricultural soils is also likely aggravate soil fertility problems in the coming days.

8.2 Availability and Supply of Drinking Water

8.2.1 Current situation

The study revealed that availability of safe drinking water was a key issue across the 
whole SW coastal region. Water supply systems by type installed by the DPHE has been 
shown in Table 8.1 It was also revealed that rural water supply situation in the study 
upazilas was inadequate to meet up the local demands. Moreover, many of the 
installations remain out of order year round (Table 8.1). DPHE officials also admitted 
that the actual number of out-of-order installations would be much higher than previous 
estimates, particularly after two big cyclones i.e. SIDDR and Aila. Particularly cyclone 
Aila over flooded most of the PSFs in Shyamnagar and Paikgacha making the water 
unsuitable for drinking. Majority of the households in Shyamnagar, Paikgacha as well as 
Rampal have to collect drinking water from community water supply systems e.g. RWH 
and PSF (Photo 8.3) after traveling long distances (Table 8.2; Photo 8.4).
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Table 8.1 Rural water supply systems installed by the DPHE in the study upazilas
Upazila Condition No. of installations by supply type

DTW STW SSTW VSSTW RWH PSF
Shyamnagar Running 672 153 278 396 20 194

Out of order 10 103 15 44 202
Total 682 256 293 440 20 396

Paikgacha Running 13 2319 396 28 340 204
Out of order - 271 10 03 - 69*
Total 13 2590 406 31 340 273

Rampal Running 1336 954 213 136 4 64
Out of order 18 264 16 8 - 54*
Total 1354 1218 229 144 4 118

Chakaria Running 1399 2527
Out of order 85 91
Total 1484 2718

Legend: DTW= Deep tube well; STW= Shallow tube well (or Hand tube well); SSTW= Shallow shrouded tube well; 
VSSTW= Very shallow shrouded tube well; RWH= Rain water harvest; PSF= Pond sand filter

Source: DPHE Office Records, 2009.; * Actual figure will be much higher (as indicated by the officials).

Table 8.2 Collection of drinking water by the respondent households by locations
Upazila Union Time spent (hr/day) Distance covered (km) Cost (Tk/month)
Shyamnagar Sadar 1 - 1.5 hr Up to 1 100-300

Atulia 2 - 5 hr Up to 3.5 300-450

Buri Goalini 2 - 3 hr Up to 5 300-450

Paikgacha Laskar 3 - 4 hr Up to 4 250

Kopilmuni 30-45 min Up to 0.5 -

Godaipur 30-60 min Up to 3.0 50-75

Chakaria Dulahazra 30-40 min Up to 1.00 50-100

P. Baraveula 20-30 min Up to 0.5 -

Badarkhali 20-25 min Up to 0.5 -

Fig. 8.4 Requirement and actual amount of drinking water collected per day by 
respondent households.
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8.2.2 Major causes of vulnerability and coping strategies

Experts have already identified 15 causes behind the scarcity of safe drinking water in the 
whole SW region. Change in river morphology, river dying due to illegal grabbing, 
brackish water shrimp farming, withdrawal of water from Ganges, pollution from 
municipalities, ground water contamination, over exploitation of GW, SLR, etc. were the 
major ones. Increase in water salinity and deterioration in water quality caused severe 
scarcity of safe drinking water, particularly in the SW region. The study revealed that 
households’ over dependence on community sources as well as rain water harvesting 
methods for drinking water, which in turn created hardship, extra labour and extra 
spending for collection of drinking water. Poorer households, however, being unable to 
spend money in this regards, use traditional harvesting method of rain water and store in 
earthen pots (Photo 8.5). But storing of drinking water in earthen pots is also risky in 
terms of quality as well as suitability for drinking when stored for a long period of time. 
In some villages, some local NGOs built improved rain water harvesting method as well 
as reservoir to store rain water at community level. Even it was reported that they usually 
drink less amount of water in a day during severe crisis (Fig. 8.4), particularly when 
community pond water is near about exhaustion due to lack of rainfall or in case of 
community PSF going out of order. Some richer households have ceramic type small 
filters in their home. Some also employ wage labourers to collect drinking water in lieu 
of cash payment (Photo 8.6). Even drinking water is purchased and carried on boats when 
fishermen and other resources collectors go deeper into Sundarbans as well as islands in 
the Bay of Bengal (Photo 8.6). Some poorer households used to drink pond water from 
their homestead ponds. They eventually reported frequent incidence of intestinal diseases. 
So, there might be correlation between these two events. Other mitigation strategies as 
identified were use of lime and fitkiri (water purifier) for purifying pond water as well as 
boiling of water before drinking. 

The situation aggravates after occurrence of natural calamities like cyclonic events. In 
Shyamnagar 42 DTW, 554 STW, 158 HTW and almost all the PSFs were devastated by 
Cyclone Aila. Besides, more than 2000 homestead ponds were also inundated with saline 
river water making them unsuitable for drinking (Shagor, 2009). During cyclone AILA, 
almost all of the pond sand filters were flooded with dirty saline water. At present the 
whole of Shyamnagar upazila has been facing severe drinking water crisis. Government 
supplied pure drinking water up to 15 days after the cyclone, however, no further 
response was visible. An NGO (Satkhira Youth Development Academy) has been 
supplying drinking water to the cyclone victims till now (Photo 8.7), although the amount 
was much less than required. Long queue were common to collect drinking water from 
these installations (Photo 8.7). 

8.2.3 Prospects

Future projections regarding the availability of safe drinking water could not be done for 
the study upazilas due to unavailability of time series data as well as inconsistencies of 
the available DPHE data on water supply installations. However, investigations made in 
this study clearly indicated that the study upazilas, particularly in the SW region were 
facing much crisis of drinking water, and the crisis becomes severe as an aftermath of 
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every cyclonic events crossing through the study areas as well as other adjacent areas. 
Personal interview with DPHE officials also revealed that the water supply systems 
designated for the inhabitants of the coastal upazilas were insufficient. Even the many of 
the installed facilities remained out of order due to lack of maintenance. So, it might be 
reasonably argued that, under the context of growing population, northward shifts in 
salinity gradients, continuous expansion of brackish water shrimp farming and existing 
facilities, drinking water crisis would be further deepened in the future inflicting more 
health related problems for the communities.

Photo 8.3 (a) Community rain water harvest; (b) Pond sand filter.

  
Photo 8.4 (a, b) Peoples collect drinking water after traveling long distances.

  
Photo 8.5 Traditional method of rain water harvest by poorer households.
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Photo 8.6 (a) Marketing of drinking water in the urban areas; (b) Purchase of drinking 
water for fishermen and other resource collectors going deeper into Sundarbans as well as 
rivers and islands.

   
Photo 8.7 (a) Supply of drinking water after cyclone Aila; (b) long queue for collecting 
drinking water.

8.3 Health Hazards

Local communities were not much aware about health hazards arising out of 
anthropogenic activities. However, they opined that drinking of saline water as well as 
river and canal might be the causes behind increased incidences of diarrhea, dysentery, 
and other water borne diseases. Besides, they were worried about incidence of 
hypertension, asthma problems as well as physical weakness out of malnutrition. Besides, 
several respondents also indicated to the increased occurrence skin diseases in recent 
periods, particularly when they use homestead pond waters as well as work in the 
stagnant waters in shrimp farms. Richer households could afford to visit qualified doctors 
for medication, which poorer households cannot. They were found to rely mainly on 
heeling water, Kobirazi medicine, preparation from local herbs/shrubs as well as 
homeopathic medicines. As a whole, household health expenditure varied from 10 to 
25% of total annual income (Fig. 8.5). Regarding asthma problem, many of the local 
residents blamed brick field fumes as responsible for. Brick fields discharge a huge 
amount of smoke, dust and ashes which spread out around a large area near the fields. 
The people living in the areas adjacent to the brick fields are always al the risk of being 
affected by respiratory problems. 
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A potential threat to health status of the peoples of SW region is the increasing arsenic 
contamination in groundwater, particularly hand tube wells (locally called as STW, 
SSTW and VSSTW). The present study also reported about arsenic contamination in 
agricultural soils as well as crops and vegetables. Review of available literature indicated 
that drinking of tube well water already exposed the coastal communities to arsenic 
related health problems/vulnerabilities. The primary physical impact of arsenic poisoning 
is called arsenicosis manifested by skin problems in hand and foot, which results several 
other secondary health implications. Some earlier studies suggested that there are links 
between arsenic exposure and cancer of the liver, kidney and prostate (Abernathy, 2001). 
There also appears to be a link between arsenic in drinking water and an increased risk of 
diabetes mellitus and hypertension (Rahman, 1999). As the respondent households 
reported about increased incidence of these two problems including skin diseases, it 
might reasonably be argued that there might be relationship between drinking of hand 
tube well water and incidence of diabetes, hypertension, and skin related problems 
(Rahman et al., 2006b). However, the matter was not investigated in-depth under the 
present study. Therefore, precise conclusion might not be derived in these regards. 
Adverse impacts of arsenic exposure on cognitive and intellectual development of 
children have also been reported by Wasserman et al. (2004). According to World Health 
Organization (WHO) sources, maximum permissible concentration of arsenic in drinking 
water is 10 µg/l, whereas the threshold in Bangladesh is 50 µg/l. The United States 
Environmental Protection Agency (USEPA) recommended concentration limit of arsenic 
in drinking water is 0.05 µg/l (Masters, 1991), and the arsenic concentration in ground 
water in Bangladesh is 40 times as high. 

Ship breaking activities on Chittagong coast has been blamed for putting serious health 
implications for both workers as well as local communities. A number of heavy metals as 
well as trace elements were found to be released in the environment out of ship breaking 
process (as discussed in Chapter 5). Among these, mercury affects the nervous system 
and also causes mental retardation and delayed neurological and physical development 
(Greenpeace, 2005, Rivera et. al., 2003; Hossain, 1994). Lead is a toxic heavy metal that 
accumulates in blood and bones after inhalation or ingestion. Lead may enter the human 
system mainly through inhalation but also through ingestion. Most of the lead that enters 
the human body accumulates in the bones. Long term exposure (greater than 14 days) to 
lead may cause brain and kidney damage, increased blood pressure. Young children are 
most vulnerable to its toxic effects. Long-term exposure to even low levels can cause 
irreversible learning difficulties, mental retardation and delayed neurological and 
physical development, even death (Greenpeace, 2005; ATSDR, 1998). Exposure to 
chromium poses several serious health implications including gastro-intestinal problems 
(Carson et. al., 1987) as well as respiratory diseases including lung caner (Greenpeace, 
2005). PCBs are highly toxic and persistent pollutants. They accumulate biologically and 
get highly magnified in the fatty tissue, especially in higher trophic level of the food 
chain. Exposure to PCBs has been associated with a variety of adverse health problems. 
PCBs have been linked to cancer, liver damage, reproductive impairments, immune 
system damage and behavioral and neurological damage (Tanabe, 1988; Hossain, 1989; 
Hossain, 2004). Dioxins are carcinogenic and can suppress the immune system 
(Greenpeace, 2005). Polyvinyl chloride (PVC) has been blamed to have negative impacts 
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on the environment and human health (Steingraber, 2004). PAHs accumulate in dust and 
sediment, and tissues of life forms. As a result they are available for uptake either 
through inhalation, dermal contact or via the food chain. The EU Scientific Committee on 
Food (SCF) identified 15 PAHs that may be genotoxic and carcinogenic to humans (SCF, 
2002). Organotins are nerve toxins that accumulate in the blood, liver, kidneys and brain. 
Some notorious organotins are Tributyltin (TBT), Triphenyltin, Dibutyltin, 
Dicyclohexyltin, Diphenyltin and Tricyclohexyltin. 

The brick kilns are polluting the air and thus causing the diseases among the local 
residents, particularly when it is situated in close vicinity of human settlements (Photo 
7.8a). According to environment experts the kilns release deadly carbon monoxide and 
CFC gas that can cause a host of diseases to humans, particularly for the workers.
Workers working in close vicinity of brick kilns are particularly exposed to respiratory 
problems as they work in a suffocating environment (Photo 8.8).
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Fig. 8.5 Household health expenditure as a percentage of total annual income.

  
Photo 8.8 (a) Brick burning in the close vicinity of a homestead, (b) Fireman at work in a 
brick kiln.
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8.4 Social Conflicts

Anthropogenic activities created many problems regarding social relations between 
different sections of the local communities. The problem loomed up mainly after 
establishment of shrimp farms. When a shrimp farm is built adjacent to a rice field, 
salinity in the rice field builds up gradually making it unsuitable for rice cultivation 
within a period of 1-2 years. Again, when a rice field is surrounded by shrimp farms, rice 
farmer is not allowed to move his bullocks or tilling equipments through the narrow 
dykes (usually 0.3 to 0.5 m in width) of the shrimp ponds. Then the rice farmer is forced 
either to join the shrimp farming activities on share basis or lease out his land to the 
shrimp farmers even if he is not willing to do so. Exploitation and deprivation also starts 
from here. There are numerous evidences of conflicts regarding the payment of actual 
lease money by the lease takers. After getting control over the land they usually deprive 
the land owner in many ways. Influential shrimp farmers take signature on the deed 
documents mentioning a particular lease period (e.g. 5 years). But afterwards, they put an 
extended period (e.g. 7-8 years) on the document without informing the land owner. In 
this way conflict grows at the end of actual lease period. As the conflict grows, the land 
owner is harassed, assaulted and even sued on false ground. Secondly, the lease taker 
forcefully pays annual lease-rent in advance for five years at a constant price of the base 
year, not considering the money inflation or rise in prices of livelihood essentials. After 
getting apparently huge amount of cash, the land owner usually overspends all the money 
within a short period of time, thus getting indebted for the rest of the lease period. 
Gradually the land owner becomes more and more indebted, and finally is forced to sell 
out the land to the large shrimp farm owner at a nominal price. The lease taker also 
deprives the land owner from actual lease rent (signed on the document) on different false 
grounds and arguments. There were also growing evidences that lease shrimp farmers do 
not allow the land owner to grow rice in his field within the shrimp farm, although right 
to cultivate rice after shrimp was mentioned in the deed document. It is also mandatory to 
allow rice cultivation in the shrimp farm during registration of shrimp farms. Numerous 
evidences on such conflicts and deprivations were revealed in all the study areas.

8.5 Reduced Employment Opportunities and other Sources of Livelihood, Notably 
for Ethnic Minorities

Expansion of shrimp farming has been displacing agricultural labour force in all the study 
areas. During initial stage of shrimp farming labour forces were involved in pond 
preparation as well as shrimp harvesting (Photo 8.9a). But in recent years shrimp farmers 
used to harvest shrimps through improved trap methods (Photo 8.9b) to minimize the cost 
of production. This involves lesser number of labourers to harvest shrimps. The 
comparative labour utilization in shrimp farming and rice farming has been depicted in 
Fig. 8.6. It was estimated that around 70-220 mandays were unemployed due to shrimp 
farming across the study upazilas. Through FGD and field monitoring it was clearly 
revealed that there are unemployed labour forces due to expansion of shrimp farming as 
well as decline in rice and other crops cultivation. It has been causing unemployment as 
well as sufferings to landless people across the region. It has also been triggering out 
migration, over dependency on forest resources as well as unlawful activities in the study 
areas. During FGD it was revealed that in Atulia Union in Shyamnagar alone around 60-
65% of the workforce are currently idle due to having no work as well as alternative 
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income generation activities. In Paikgacha, Rampal and Chakaria the respective ranges 
are 40-45%, 40%, and 30-35%, respectively. An earlier study also reported that shrimp 
farming displaces more jobs than it creates. Cultivating 100 acres of land with rice 
employs 50 workers, the study found; cultivating shrimp on the same land employs just 
five workers (Hagler, et al., 1997).
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Fig 8.6 Labour use in shrimp and rice farming.

   
Photo 8.9 (a) Previously shrimp farms generated employment for poorer communities, 
(b) now that has been squeezed due to adoption of improved methods of harvest.

Drying up of natural water bodies e.g. rivers and canals due to anthropogenic activities 
already reduced opportunities for local fishermen and other poorer communities for 
collection of fishes and other natural resources from these sources. The situation is 
further aggravated by the denial of access of the poorer communities by the shrimp 
farmers to these water bodies. It happens particularly in case of the rivers and canals 
already grabbed or leased in by the shrimp farmers. Shrimp farmers take the water bodies 
from the local government authorities through lease arrangement. After taking control of 
these water bodies they do not allow people to enter these water bodies. It has caused 
severe hardship for the poor segments of the communities. Landless people used to 
collect fishes, mud crabs, mud ills, snails, oyster sells, other aquatic organisms, 
indigenous vegetables as well as herbs and grasses to use as human food and also feed for 
livestock. Denial of access right to these water bodies has been causing severe sufferings 
as well as drop in earnings for those communities. The only remaining source is large 
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river banks for sustenance of livelihood (Photo 8.10; 8.11). Even shrimp farmers do not 
allow ducks and poultry birds to their farms in an argument that ducks feed on shrimp 
post larvae. There were many instances that the shrimp farmers slaughtered or even killed 
the ducks by poisoning.

   
Photo 8.10. Collection of small fishes (a) hiding under mud and (b) small ditches by 
landless people during ebb tide on the bank of rivers adjacent to Sundarbans.

  
Photo 8.11 Landless women and children collecting (a) oyster shells, mud crabs and (b) 
keora fruits from river banks.

With decrease as well as degradation of natural resources and unemployment in their own 
vicinity resource poor peoples are loosing their resources and properties in the study 
areas. Available data indicated that number of resource poor households, particularly 
landless and marginal households have been increasing over time compared to richer 
households (Fig. 8.7). 

Poorer sections of the local communities usually do not have much option to mitigate 
against such sufferings. With reduced employment opportunities and displacement from 
land, these poorer families have to change their livelihood. Such alternative livelihood 
activities include working as wage labourer in brick fields (Photo 8.12a,b), salt beds 
(Photo 8.13a), mills and factories (Photo 8.12b), street vending (Photo 8.13a), 
rickshaw/van pulling (Photo 8.14b), etc. Displacement from livelihood also encouraged 
poor inhabitants to depend increasingly on resources collection from the reserved forests 
(Photo 8.15a,b), particularly through illegal ways for sustenance. In severe cases people 
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used to migrate to urban areas in search of jobs for sustenance. Out-migration was of two 
types, i.e. seasonal and permanent. Seasonal migration was characterized by moving to 
the upazila headquarters or other nearest towns for certain periods of time in a year to 
work as seasonal labourer. During FGD and discussion meetings farmers, particularly 
fishermen reported of both seasonal migration to estuarine areas from inlands as well as 
permanent migration to the remote islands in the Bay of Bengal for sustenance of 
livelihood. Other landless people were found to migrate seasonally to other districts for 3-
6 months of a year to work as labourer in rice cultivation and other activities. Permanent 
migration was characterized by moving permanently to the larger towns. Although, no 
recent data were available on the patterns and extents of out-migration from the study 
areas, a recent study estimated that at least 300000 people were displaced from their 
farmlands by shrimp aquaculture in Satkhira region alone (Anon., 2009a). Landless 
people were also found to migrate to different districts, i.e. Khulna, Jessore, Barguna, 
Faridpur, Madaripur, and even to Dhaka in search for job/work. Discussion with Khulna 
City Corporation (KCC) officials also revealed that during the past 15-16 years seven big 
slums have grown within the periphery of KCC. Inhabitants of these slum dwellers were 
mainly from the downstream areas of Khulna, Bagerhat, Satkhira, Bhola, Barguna and 
some coastal islands. Majority of these dwellers were engaged in rickshaw or van pulling, 
wage labourer in construction sites, brick fields, factories, restaurants, street food vending, 
etc. Details of a former rice farmer who was forced to change his livelihood as a result of 
expansion of shrimp farming (Photo 8.14b) have been provided in Appendix-25 (Case 
study-6).

Available data also indicated that during since the start of 2000s till now there were 
considerable increase in resource poor households compared to large and medium 
households in the study upazilas (Table 8.3). Particularly in Shyamnagar and Paikgacha 
the increases in number of landless and marginal households were significantly higher 
compared to small, medium and large households. Data for Rampal and Chakaria were 
available only since 2004 and thus precise comments could not be made in this regard. 
However, in Chakaria, the highest increase was noticed in marginal households being 
followed by landless households, whereas no increase in richer households was noticed.
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(c) Rampal
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Fig. 8.7 (a, b, c, d) Changes in household stratification in the study areas.

Table 8.3 Changes in households under different land holding category over time

Upazila Time frame % Change in household number
Landless Marginal Small Medium Large

Shyamnagar 2000-2008 61.04 106.2 13.84 28.7 16.09
Paikgacha 1999-2008 167.02 75.69 14.39 -33.31 -28.94
Rampal 2004-2008 0.34 0.09 0.08 0.65 0.91
Chakaria 2004-2008 5.75 36.49 0 0 0

    
Photo 8.12 (a) Brick preparation and (b) Working as firemen in brick fields.

   
Photo 8.13 (a) Leveling of salt bed; (b) Working in fish feed factory.
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Photo 8.14 (a) Street vending with drinking water; (b) Van pulling.

   
Photo 8.15 (b) Resource collection from Sundarbans; (b) Marketing of keora fruits 
collected from Sundarbans by Munda women.

Anthropogenic activities also affected the livelihood, traditions and social norms and 
values of Munda ethnic minorities in the SW region. Over 30000 Munda ethnic 
minorities live in the SW region of Bangladesh. Munda tribes were brought from the 
Ranchi district of India in the surroundings of the Sundarbans region during 1857 to clear 
Sundarbans forest for raising settlements and agriculture (BARCIK, 2008b). After 
clearing of forest lands Mundas never went back to India, rather settled in the region. In 
the course of time Mundas have become an integral part of the SW region including 
Satkhira district. Traditionally Mundas are river based ethnic minority. They used to 
catch fishes and other aquatic resources. Besides, they used to cultivate rice and other 
vegetables, and also rear livestock, duck and poultry birds. With the progress of time, 
particularly after Independence of Bangladesh, influential local elites gradually evacuated 
them from their land holdings. Eventually once self reliant Mundas gradually became 
landless minority. Mundas used to work on agricultural lands as wage labourers in rice 
and other crops cultivation. But after inception of brackish water shrimp farming as well 
as encroachment and siltation and enclosure on the small rivers and canals Mundas 
started to loose their livelihood gradually. In course of time Mundas lost their traditional 
agriculture, fisheries as well as livestock rearing completely. At the beginning of shrimp 
farming Mundas were used to harvest shrimps from the shrimp farms, but eventually that 
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possibility has also been squeezing day by day since shrimp farmers now are using box 
traps for harvesting shrimps to minimize cost of production.

Among the Munda ethnic minorities scattered in different places, 30 families were living 
on the embankment on Kholpetua river in Buri Goalini, Shyamnagar. All of their houses 
were completely demolished by the cyclone ‘Aila’ (Photo 8.16, 8.17). They did not get 
any help to rebuild their battered houses even after two months of the cyclone except two 
tents provided by the UNICEF. A group discussion was done with them at around 12 
noon. Until that time no family took their first meal of the day. During then they were 
distributing 30 kg of low quality wheat flours among them (30 families) obtained as relief 
material from an NGO (Photo 8.18). Each family got 1 kg of flour which will feed them 
for that day. When asked what will happen tomorrow they could not give any answer. At 
present all the Munda families were in a very vulnerable condition, just living by 
collecting mud crabs, keora fruits, and other cheap natural resources and also through 
relief operations at very limited scale. They were quite unable to answer what will 
happen if another cyclone hits the area again.

   
Photo 8.16 (a, b) Devastated houses of the Mundas by cyclone Aila.

  
  

Photo 8.17 A Munda women sitting on 
the bare floor of her house blown away 
by cyclone Aila

Photo 8.18 Wheat flour obtained as 
relief material being distributed among 
30 families

a b
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8.6 Concluding Remarks

The study revealed that the households of the study upazilas have been facing severe 
crisis of biomass fuel as well as safe drinking water, which is likely to aggravate further 
in the days to come. Again, anthropogenic activities, particularly brackish water shrimp 
farming has invited several health related problems thus putting extra burden on local 
households for healthcare. Moreover, shrimp farming have been causing deterioration in 
social relationships, thus escalating social conflicts. Shrimp farming has also been 
identified to create reduce employment opportunity of the local poorer communities, thus 
forcing changes in livelihood as well as migration.
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CHAPTER 9

POLICY IMPLICATIONS AND RECOMMENDATIONS 

In view of the findings of the study, following recommendations are put forward in order 
to address the problems of resource degradation, climatic vulnerabilities and food 
insecurity situation in the coastal region of Bangladesh

Management of Coastal Embankment

Coastal embankment is the largest anthropogenic structure in the coastal region raised 
against the will of nature. The present study clearly revealed that changes in morphology 
and tidal behaviour as well as river siltation and sedimentation have been the major 
outcomes of coastal embankment. Therefore, further establishment of coastal 
embankment and its regulation policy is to be reviewed in view of present experiences 
and outcomes of the embankments established earlier. The mud-made embankments are 
highly vulnerable to tidal currents as well as medium to strong tidal surges during 
cyclonic storms caused by weakening of the embankments by illegal sluice gates and 
water inlets created at local level by shrimp farmers. The study strongly recommends that 
all these illegal and unplanned structures to be closed by the BWDB at local levels. The 
liable shrimp farmers as well as local authorities should be held responsible and be 
brought under punitive measures in case of any further breach of the embankments. At 
the same time, local administration should also be vigilant and strictly supervise the 
management of the embankments along with the sluice gates and authorized water 
outlets/inlets. At national level, establishment of a regulatory body for the proper 
management of these embankments is recommended.

Management of Water Bodies

Rivers, canals and their tributaries/distributaries were the beauty and blessing of the 
coastal region of Bangladesh and those allowed a unique diurnal tidal behaviour. These 
water channels provide an easy means of transportation as well as various fisheries 
resources. But these water channels are now dead or partially dead because of cumulative 
effects of embankments, leasing out for shrimp farming, upstream withdrawal of Ganges 
water, etc. These are now creating multifarious problems from permanent water logging 
to crisis in safe drinking water. The study suggests that all the rivers and their tributaries 
(i.e. canals, beels, etc.) are to be returned to their normal flow behaviour at priority basis. 
At local level, rivers should be returned to their normal life be removing all the obstacles 
raised by shrimp farmers and other land grabbers. At policy level, the present system of 
leasing out rivers, canals and other water bodies to fish (shrimp farmers) to be reviewed 
critically since this action has been identified as a major cause behind dying of rivers and 
canals as well as severe decline in fisheries resources in these water bodies. A Regional 
Taskforce to be formed to develop policy and strategy for recovering all rivers and canals 
as well as for re-excavating of partially dead canals and rivers to bring them under 
normal flow. Since upstream withdrawal of Ganges water caused dying of the Ganges 
and its tributaries and distributaries in the SW region, the existing water sharing treaty to 
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be reviewed at bilateral level before the ecological damages embracing the whole SW 
region reaches an irreversible stage. Again, water reservoirs to be built by re-excavating 
the dried up or partially dried up canals to ensure sweet water for irrigation and other 
purposes, which will eventually boost up agricultural production in the region.

Management of Agricultural Production 

The study revealed that anthropogenic activities resulted in the increase of soil and water 
salinity as well as deterioration of soil fertility which inflicted direct bearings on crop 
production. Crop farming was also affected physically due to expansion of shrimp 
farming as well as other settlement activities. Use of top soil for brick preparation has 
been emerging a new potential threat to crop production. Moreover, indiscriminate use of 
agro-chemicals particularly in MV rice and vegetables has been polluting the soil and 
water resources, and at the same time has been accumulating in the food chain of all 
living organisms including humans. Research and development of salinity tolerant crops 
and vegetable varieties to be facilitated with priority at national level. Crop insurance 
programme at easy term basis as well as price support system to be initiated to encourage 
subsistence farmers to grow rice under the risks of crop failure due to salinity as well as 
other climatic vulnerabilities. Existing integrated pest management (IPM) programme for 
reducing the dependency on pesticides to be reviewed periodically at policy level with 
monitoring on the success of the programme at regional/local levels as many of the 
farmers at local levels reported about the poor functioning of IPM method. Conservation 
attempts to be taken to revert the extinction process of endangered rice and other crop 
varieties as well as fish species in the coastal region. Sweet water reservoirs to be created 
by removing obstacles on the canals and other water bodies as well as through re-
excavation programme so that irrigating in winder crops and Boro rice would be ensured.

The study also revealed that the study upazilas, particularly in the SW region are already 
in a position of food deficit to varying extents which is likely to grow in the coming 
future. It was also revealed that rice and vegetables are being imported from outside the 
region to meet up local demand at present. Thus, food security issue in the coastal region 
also appears as a concern for other regions of the country under context of growing 
anthropogenic activities as well as climatic hazards. Therefore, coordinated efforts at 
government level seemed urgent to increase agricultural production and improve food 
security status in the region with a long term vision.

Management of Livestock Resources

Livestock resource once was the important sector in the coastal region of Bangladesh. 
Field data of the study as well as secondary information indicated that livestock 
populations have been declining drastically over time across the region. The main reasons 
are: shrinking of open areas for grazing and increasing the soil and water salinity limiting 
to fodder availability. Research and Extension services should be strengthened with a 
view to develop saline tolerant fodder species as well as vaccination against diseases. 
Again, R&D to be strengthened to develop improved as well as adapted production 
technologies for the region.
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Management of Fishery Resources

The impact of anthropogenic activities is noticeably visible on the inland and marine 
fisheries production leading to drastic decline in fish stocks in both inland and marine 
areas. Measures to be taken at priority basis to return the inland rivers, canals and other 
water bodies to their normal life, so that, fish population again increases in these water 
bodies. It will in turn reduce the pressure mounting on the marine and deeper estuarine 
areas within the Sundarbans. Existing ban on the use of fine mesh nets which destroys 
juvenile fishes e.g. juvenile hilsha fish (Jatka) as well as other aquatic lives to be 
implemented properly as well as monitored at regular basis. The restriction on the 
collection of shrimp post-larvae from natural sources should be strictly implemented. At 
the same time, strict monitoring by the government agencies to be done to prevent the use 
of insecticides and other poisons for fishing inside the Sundarbans. Guidelines are 
available in these regards. However, actions at local government level to be strengthened 
to implement government restrictions as well as guidelines. Motivational campaign 
through mass media might be helpful to raise awareness in this regards. Research and 
development to be strengthened to revert the extinction process of estuarine fish species 
at urgent basis. A recent development is the success of the Fisheries Research Institute 
(FRI) to breed Paisshey fish artificially, a very popular estuarine fish which is now 
endangered, puts hope in this process (Jahangir, 2008). Therefore, the study strongly 
recommends that funding on Research and Development on fisheries sector to be boosted 
up at priority basis. 

Management of Brackish Water Shrimp Farming

Brackish water shrimp farming has been identified as the major land use as well as major 
anthropogenic activity. It is the outcome of coastal embankment and withdrawal of 
Ganges water in the region. Unplanned expansion of shrimp farming has been identified 
as the major cause playing detrimental roles on both natural resources and environment in 
the coastal region. On the other hand, this sector is a vital source of foreign exchange and 
household income source of thousands of families. It is not wise to suggest for banning 
shrimp farming, but a critical review of the present unplanned expansion of shrimp 
farming to be done. At local level licensing system is mandatory for establishing shrimp 
farm but in most of the cases this rule is violated by the shrimp farmers as well as 
overlooked by the local authorities. The licensing system which is already in existence 
should be implemented properly. There are also guidelines for shrimp farm management. 
The study recommends that shrimp faming to be brought under strict regulations and 
scientific management. Again, suitable areas to be demarcated for shrimp farming where 
other agricultural enterprises are not viable under normal scenarios. In this particular 
issue, semi-intensive culture instead of present traditional and/or improved traditional 
systems can be introduced since the productivity of semi-intensive system is much higher 
than traditional systems. Similarly, brackish water shrimp farming to be discouraged in 
upstream areas where rice and other crops grow well. In this particular issue, culture of 
sweet water shrimp i.e. Galda, which can be simultaneously cultured in rice fields, should 
be encouraged. In this way, dual use of the same land will be possible, and at the same 
time it will be environmentally friendly. Technologies for rice-shrimp simultaneous as 
well as temporal culture are available. However, policy support and extension services 
are required in this regard.
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Management of Natural Resources

Collection of firewood, timber, shrimp post larvae, snails and mud crabs have been 
inflicting deleterious impacts on the natural resources as well as environments.  
Particularly shrimp post larvae collection has been continuing at full swing despite ban 
on collecting shrimp fries from the natural resources. Such collection has already 
exhausted shrimp population in the whole coastal region. Again, the process of collection 
of shrimp fries has been resulting serious depletion of other estuarine fish resources. 
Encroachment of forest area as well as illegal harvesting of trees has been creating 
several multifarious impacts on both resources and livelihoods. Snail population as used 
as shrimp feed, has already been at the verge of depletion from the coastal region due to 
over exploitation, thus accelerating depletion from other regions of the country as well. 
Thus the study indicates that anthropogenic activities in the coastal region not only 
affecting the region itself, rather it has been putting detrimental impacts on other regions 
of the country as well. Therefore, depletion of natural resources should be protected. For 
these purposes, present bans and restrictions on natural resources collection, particularly 
illegal collection of firewood and shrimp fry to be strictly implemented. Similarly, 
restriction is to be imposed on indiscriminate collection of snails from coastal area as 
well as other regions of the country.

Management of Industrial Activities

As shown in the present study that industrial and processing plants have been growing in 
the coastal region. But in many instances, these plants are the major polluters of coastal 
soil and water resources. Majority of the industries have not yet established ETP (which 
is mandatory) for treating the effluents to make those toxic free before releasing to rivers 
and other water bodies. But government officials sometimes overlook this issue with a 
view to enhance industrial outputs as well as inflow of foreign exchange. But, the 
ecosystems of the coastal region have been paying off. With a view to maintain 
production as well as conserve resource-base for future productions, industrial discharges 
to be brought under proper management and regulations. Punitive actions should be taken 
against the polluters in this sector.

Management of Salt Production 

Salt production is a dominant land use patter in certain areas of south eastern part of 
coastal region of Bangladesh. The study showed that this practice has been expanding 
beyond the suitable areas, which means that more crop lands are going under salt 
production where on other crops are grown.  Rather, production and quality of salt are 
poor because of practicing traditional production and processing technologies. Legal 
restriction to be imposed on expansion of salt production beyond the suitable areas. 
Besides, salt production activities to be brought under scientific management. 

Management of Commercial Activities

Various commercial activities especially ship breaking has been identified as a major 
sector putting adverse impacts on the coastal resources and environments, and also 
affecting health and sanitation. It was revealed that ship breaking activities have been 
growing as well as there were evidences for building new ship breaking yards in the 
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region through replacing forest plantation, which indicated more and more adverse 
impacts in the future. Secondly, there were also growing numbers of brick making as well 
as tobacco curing activities leading to deterioration in soil health, increasing use of forest 
resources as well as pollution of the ambient environments, thus posing threats to 
ecosystems as well as human health. A new legislation to be formulated at national level 
regarding the site selection as well as processes of ship dismantling so that it does not 
pollute surrounding ecosystems. Norwegian standards of ship breaking can be utilized to 
bring the sector under proper management. Restriction on the installation of brick fields 
nearby community areas, use of crop soils and biomass fuel materials in brick preparation 
to be strictly regulated at local level. Use of firewood from reserved forests in the curing 
houses to be strictly banned. At national level, a new policy framework to be formulated 
regarding the expansion of unscientific brick fields and use of fuel materials in tobacco 
curing. At the same time, illegal firewood collection should be brought under punitive 
actions.

Management of Settlement and Infrastructures

The study revealed that growing number of settlements and infrastructures have been 
squeezing available land area. Long term policy planning is needed for the future growth 
of settlement, urbanization and road networks. Vertical extension of settlements instead 
of horizontal expansion is to be encouraged. For this, easy term loan systems can be 
introduced to encourage people to raise multistoried structures. Existing legal restrictions 
should also be strictly imposed on the conversion of agricultural land for non-agricultural 
purposes.

Management of Biomass Fuel

The study revealed that biomass fuel crisis is becoming deepens; therefore, it will be a 
formidable task to ensure fuel safety in the coastal region. Present crisis of biomass fuel 
has been encouraging the use of cow dung sticks as well as firewood from the reserved 
forests. A massive social forestry programme to be implemented for ensuring easy 
availability of biomass fuel. Restriction of shrimp farming in the periphery of homesteads 
will reduce the soil and water salinity in the periphery of homesteads, which will allow 
more survival of homestead plantations. This will ultimately lead to easy access to 
biomass fuels at household level. Introduction of liquefied petroleum gas (LPG) can be 
popularized at rural level to avoid the over exploitation of reserved forests as well as use 
of cow dung as fuel.

Management of Drinking Water

Safe drinking water supply is a serious issue in the coastal region. Department of Public 
Health Engineering have installed water supply systems at community level which are 
inadequate, often creating hardship for the communities when they have to collect water 
from long distances. DPHE officials admitted that the present water supply systems are 
inadequate for the rural communities and even the situation gets worse after any cyclonic 
events. So, the present water systems are to be reviewed at urgent basis. Again, number 
of water supply installations should be increased at rural areas. Improved methods of rain 
water harvest (RWH) to be increased and spread to household level to ensure access to 
safe drinking water. Strict supervision on community drinking water ponds (PSF) is to be 
ensured by local authorities.
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Appendix 1

HOUSEHOLD SURVEY QUESTIONNAIRE

Impact of anthropogenic activities on natural resources and food security in the 
coastal region

Respondent                                                 Interviewer

Name: _________________________             Name: _________________________

Father’s name: ___________________

Village________________________                                              

Union     ________________________

Upazilla_______________________                                       

District    _______________________

Education ______ Age ______

Occupation:  Main ____________ Other ___________________________

Family composition: Joint family ___ Single family____
Category Education Main Occupation Other Occupation
Adult:18-60 years
Man

Women

Teen age:
Boy

Girl

Children (blow 12 
years)
Boy

Girl

Total
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Resources and income:
1. Land resources
Category Own 

(Decimal)
Rented/Leased (decimal) Total (decimal)

In Out
Housing
Home garden
Crop land
Pond
Shrimp farm
Shrimp farm + Crop
Shrimp farm + salt
Fallow land
Total

Total land holding 10 years before _________decimal

2. Accounts of annual household income:
Sector Seasonal income (Tk) Monthly 

(Tk)Kharif I Kharif II Winter
Crops Quantit

y
(Kg)

Value
(Tk)

Quat
.
(Kg)

Valu
e
(Tk)

Quant
.
(Kg)

Valu
e
(Tk)

I. Rice
II. Vegetables

Livestock & poultry:
I. Cattle

II. Poultry
III. Buffalo

Homestead plantation:
I. Fruit

II. Timber
III. Open water fishing
IV. Pond fish

Shrimp farming:
I. Shrimp:

II. Harina
III. Bagda
IV. Galda
V. White fish/other fish

VI. Forest resource 
collection

VII. Biofuel
VIII. Fruits

IX. Seeds
X. Timber

XI. Honey collection
XII. Other (Specify)

XIII. Cottage industries 
(specify)
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XIV. Service (Specify)
XV. Trading/business

XVI. Wage labour
XVII. Other (Specify)

3. Crop management, input uses, costs and return:

Crop Management: T. Aman Vegetable Other crop 
(Specify)

Cropping pattern 
Land preparation:

I. Land area (decimal)
II. variety cultivated

Land preparation cost:
I. Human labour

II. Animal labour
III. Power tiller

Crop establishment
I. Planting Time

II. Seed rate (Kg)
III. Price of seed (Tk/kg)
IV. Source of seed
V. Labour used

VI. Wage rate (Tk/md)
Application of manure

I. Quantity (Maund)
II. Price

III. Labour used (m-d)
IV. Wage (Tk/md)

Application of fertilizer:
I. Urea:
Quantity (Kg)
Price (Tk/kg)
II. TSP:
Quantity (Kg)
Price (Tk/kg)
III. MP:
Quantity (Kg)
Price (Tk/kg)
IV. Other: Specify
Quantity (Kg)
Price (Tk/kg)
Mulching:

I. Labour used (Md)
II. Wage (Tk/md)

III. Weeding
Weeding:

I. Labour used
II. Wage (Tk/md)
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Water management:
I. No.

II. Labour used
III. Wage (Tk/md)
IV. Pump/fuel cost
V. Source

Pest management  information
I. Name of pest/disease

II. Control method:
III. Chemical used: name
IV. Chemical used (Kg/liter)
V. Labour used

VI. Harvesting:
VII. Time

VIII. Labour used (Md)
IX. Wage (Tk/md)
X. Production 

XI. Quantity Main (Kg)
XII. By-product (Kg)

XIII. Price main (TK/kg)
XIV. Price by-product
XV. Transportation

XVI. Labour used (Md)
XVII. Wage (Tk/md)

C. Shrimp Farming:

Type of farm, (Give tick mark): _____ Shrimp farm , _____ Fry farm 

Arrangement of Shrimp Farming: 
A. Single B. Joint venture

(a) Own land (a)Own land
(b) Leased land (b)Leased land

(c)Others land
Profit sharing arrangement:

Gher management, input uses, costs and return:
Gher Management: Particulars
Cropping pattern 
Land preparation:

I. Land area (decimal)
II. Shrimp variety cultured

Land preparation cost:
I. Human labour

II. Wage rate (Tk/md)
III. Other input  (Specify)

Application of organic manure
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I. Quantity (Kg)
II. Price (Tk/kg)

III. Labour used (M-d)
IV. Wage rate (Tk/md)

Application of fertilizer:
I. Urea:

II. Quantity (Kg)
III. Price (Tk/kg)
IV. TSP:
V. Quantity (Kg)

VI. Price (Tk/kg)
VII. Other (Specify):

VIII. Quantity (Kg)
IX. Price (Tk/kg)
X. Other: Specify

XI. Quantity (Kg)
XII. Price (Tk/kg)

Fingerling Used:
I. Quantity (kg)

II. Price (Tk/Kg)
III. Labour used (Md)
IV. Wage (Tk/Md)

Feed management:
I. Quantity of feed used (kg):

II. Rice polish (Quantity, kg)
III. Rice polish (Price Tk/kg)
IV. Wheat polish (Quantity, 

kg)
V. Wheat polish (Price 

Tk/kg)
VI. Chira/puffed rice 

(Quantity, kg)
VII. Chira/puffed rice (Price 

Tk/kg)
VIII. Other feed (Quantity, kg)

IX. Other feed (Price Tk/kg)
X. Labour used (Md)

XI. Wage (Tk/Md)
Water management:

I. No. of irrigation/drainage
II. Labour used

III. Wage (Tk/md)
IV. Pump/fuel cost
V. Source

Pest management  information
I. Name of pest/disease

II. Control method:
III. Chemical used: name
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IV. Chemical used (Kg/liter)
V. Labour used

Harvesting:
I. Time

II. Labour used (Md)
III. Wage (Tk/md)

Production:
I. Quantity of shrimp (Kg)

II. Other fish (Kg)
III. Price main (TK/kg)
IV. Price other fish
V. Transportation cost 

(Tk/kg)

Livestock resources:
Inventory of livestock (Last year)
Type Total (Jan 2008) Birth Purchase Sales

No. Value (TK) No Value (TK) No Value (TK) No Value (TK)
Local:
Cow
Bull
Calves
Heifer
Steer
Cross:
Cow
Bull
Calves
Heifer
Steer
Buffalo:
Adult male
Adult 
female
Calf
Goat
Poultry
Duck
Pigeon

Feeding of dairy animal:

Feeding practice: 1. Grazing and stall feeding   2. Stall feeding
                                    3. Other (specify)

Feeds used for dairy (for last 6 month)
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Feed types Total quantity Source Unit price

Own Purchased

Paddy straw

Green grass

Sugarcane tops

Vegetable wastes

Grain

Rice bran

Wheat bran

Pulses bran
Oil cake
Salt
Vitamin & minerals
Molasses

Other

Milk production and disposal:

No of milking cows last six month:
Daily milk production per cow: _______liter/day
Total amount of milk sold: _____liter, Average price sold_______Tk/liter
Total amount consumed: _______liter

Homestead agroforestry:

Inventory of Homestead Plantations
A. Fruit Trees
Species Age No. Production Fruit 

Consumed
(Kg)

Fruit Sold 

Fruit Firewood/T
imber

Dray leaves Kg Tk

Kg Tk Kg Tk Kg Tk
1.
2.

B. Non-fruit species
Species Age No. Firewood/Timber production (kg/yr) Annual income (Tk)
1.
2.

Food consumption, livelihood and life style:
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Dietary habit

Item Frequency of 
consumption1

Quantity consumed per month (kg) Price
(Tk/kg)

Own Purchased Others

Cereals:
Rice

Wheat
Pulses
Meat:
Chicken
Beef
Other meat

Egg
Fish
Milk
Oils
Veg.
Fruits
Spices:
Chili
Onion
Turmeric

Do you buy rice? Yes ______ No.________
Did you face food shortage last year? Yes _______ No______
If yes when? ___________________.
How do you meet up food deficiency? 
______________________________________________________________________________
______________________________________________________________________________
____________________________________
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Household participation in various livelihood activities: 
Activity Labour utilization (per season in man- days) Rem

arksAdult 
male

Adult 
female

Hired 
labour

Childre
n

A. Crop farming
Ploughing/Sowing/transplanting
Intercultural operations
Harvesting
Post-harvest activities
Milling/marketing
B. livestock management
Livestock management
Poultry management
Health care/para vet
Marketing of products
C. Pond Fisheries management
Pond maintenance
Feed and fertilizer application
Fish harvest
Marketing
D. Open water fishing
Gear maintenance
Fishing
Marketing
E. Shrimp farming
Shrimp fry collection
Gher management
Shrimp harvest
Post harvest activities
Marketing
F. Forest Resources collection
Timber/firewood/gol pata  
collection
Gol pata collection
Honey collection
Crab/shell collection
Fruit collection
Medicinal plant collection
Hunting
Others
G. Homestead plantations
Firewood collection
Fruit collection
Vegetable garden management
Cow dung cake preparation
Sale of firewood/cow dung
Fruit marketing
H. Others
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Business
Service
Wage labour
Cottage industries

Health and sanitation:
Information on water use for different household purposes
Source Use Distance 

to collect
Who 

collects
Cost of 

collection
(if any)

Drinking Washing Cooking Other use

Pond
River
Well
HTW
STW
DTW
HRWR
CRWR
Bottled water

Do you use sanitary latrine? Yes ________   No __________

Common Health Hazards of family members

Major Illness Days suffered Loss of wages due to 
absence from work

Treatment cost Remedial 
measures

Remidial measures code: 1  Traditional measure, 2 Medicine  prescribed by M.P., 3. Medicine  
prescribed by H.P./, 4 No treatment 5. Kabiraz 6. Homeopathy

Signature_____________________________
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Appendix 2

SURVEY QUESTIONNAIRE FOR BRICK FIELDS 

A. Institutional Profile

Name : Area: Size: Large / Small
Year of establishment:
Area of house:
Chimney type:
Chimney height:
Smoke treatment facility:
B. Production Profile
Capacity :
Operating Season (Month) : From_______________ To_______________
No. of batches/season/month/week/day :

C. Inventory of operations:
Process Mode of 

operation*
Capacity (per 
shift/day/week)

Labour used Unit Labour 
cost (Tk)

Remarks

* Manual/Semi-mechanized/Mechanized

D. Inventory of input use
Process Inputs 

used
Source of input Amount per day/

shift/week/season
Input cost Handling 

cost
Remarks

E. Return

Item Yield (per
day/shift/week/season)

Unit price(Tk) Total price (Tk)

Gross return
Net return

F. Inventory of waste generation and disposal

Process Wastes 
type*

Discharge 
rate** 

Damping 
site

Discharge 
route

Treated/ 
untreated

Remarks

* 1 = solid/dust;2 = semi solid/liquid; 3 = liquid; 5 = gaseous
** Per shift/hour/day/week

G. Problems; Prospects; Suggestions/Recommendations:
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Appendix 3

SURVEY OF INSECTICIDE & FERTILIZER DEALER/TRADER

1. Traders’ Profile
a) Name of the Farm :
b) Name of the owner :
c) Year of starting the business :
d) Registration information :

2. Inventory of agrochemicals available in the farm
Trade Name Target Crop Target organisms Dose Rank
A. Insecticide

B. Fungicide

D. Others

3. Inventory of fertilizers available in the farm

Trade Name Nutrient Target crop(s) Dose Rank

4. Traders perception regarding the use of pesticides
a) Do you think the use of pesticides has been increasing? Yes  /   No.

b) If yes, how many times as compared to ____ years before? :

b) What are the reasons?
(i)
(ii)
(iii)
(iv)

5. Traders perception regarding the use of fertilizers.
a) Do you think the use of fertilizers has been increasing? Yes/No

(b) Which ones? :

b) If yes, how many times as compared to ____ years before? :

b) What are the reasons?
(i)
(ii)
(iii)
(iv)

6. Additional information (if any)
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Appendix 4

CROP/SHRIMP FARM MONITORING SHEET

A. Basic Information
Category : Large/Medium/Small/Marginal/Landless
Main occupation : Other occupations:
Name of crop :
Variety :
Area of farm :

B. Production Activities

1. Labour utilization and cost
Item Frequency Labour/ 

operation
Unit cost Total cost Remarks

A. Field operations
Land preparation
Sowing/Transplanting
Fertilizer application
Insecticide application
Weeding
Mulching/earthing up
Water management
Harvesting
B. Post harvest operations
Transportation
Parboiling
Drying
Threshing
Winnowing
Other processing
Storing
Milling
Grand Total 

2. Input Utilization and Cost

Item Frequency Rate/application Unit cost Total cost
Seed/seedling
Fertilizers
Insecticides
Irrigation
Others
Grand Total
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3. Return

Item Yield Unit price(Tk) Total price (Tk)

Economic yield (                   )
Straw/byproduct
Bran
Husk
Others
Gross return
Net return

5. Problems:
6. Prospects:
7. Suggestions/recommendations:

CHRONOLOGY OF PRODUCTION ACTIVITIES

Crop: Variety:
Month Week Activity Input 

utilization
Labour utilization Remarks

1st 2nd 3rd 4th Input 
used

Cost 
(Tk)

Labour 
used

Cost (Tk)
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Appendix 5

MONITORING OF INDUSTRY/FACTORY/WORKSHOP

A. Institutional Profile
Name of the Industry :
Owners name :
Owners address :

B. Production Profile
Products :
By-products :
Capacity :
Annual production :

C. Inventory of operations:
Process Mode of 

operation*
Capacity (per 
shift/hour/day/week)

Labour used Unit Labour 
cost (Tk)

Remarks

* Manual/Semi-mechanized/Mechanized

D. Inventory of input use
Process Inputs used Amount per 

shift/hour/day/week
Input cost Remarks

E. Inventory of waste generation and disposal
Process Wastes 

type*
Discharge 
rate** 

Damping 
site

Discharge 
route

Treated/ 
untreated

Remarks

* 1 = solid/dust;2 = semi solid/liquid; 3 = liquid; 5 = gaseous
** Per shift/hour/day/week

F. Return
Item Yield (per 

day/shift/week/season)
Unit price(Tk) Total price (Tk)

Gross return
Net return

G. Problems:

H. Prospects:

I. Suggestions/recommendations:
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Appendix 6

MONITORING SHEET ON WATER USE BY HOUSEHOLDS

Name: Category: L /M / S / M / LL
Union:

Upazila: Season: Kharif-I / Kharif-II / Rabi
Date:

Use Source (% contribution) Amo
unt 
requi
red
per 
d/w

Amou
nt 
collect
ed per 
d/w

Unit 
price

Person 
collects
/ 
perfor
ms

Collecti
on 
charge 
(if any)

Time 
spent
/day

Hom
e
Pond

Com
. 
Pon
d

Com. 
Rese
r.

Eart
h 
pot

Well 
(Kua
)

DT
W

STW/ 
HTW

River
/
canal

Bazar

Drink
Bath

Anima
l wash
Utensi
l wash
Others

(Dist.)

Inventory of availability of water by source
Source Availability

Dry season (K-I) Wet season (K-II) Winter season (Rabi)
AS MS MC SC NA AS MS MC SC NA AS MS MC SC NA

Home Pond
Com. Pond
Com. Resv.

Earth Pot
Well (Kua)
DTW
STW/HTW
River/canal
Market

Note: AS = Abundant supply; MS = Moderately sufficient; MC = Moderate crisis; SC = 
Severe crisis; NA = Not Available
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Inventory of surplus and crisis management

Situation Measures taken
Drinking water Bathing 

water
Animal 
wash

Utensil 
wash

Others

Abundant 
supply
(surplus)

Moderately 
Sufficient 
(+/- = 0)
Moderate 
crisis
(occasional)
Severe crisis 
(frequent and 
severe)
Not available

Q. Perceptions regarding utility of water from particular source(s) for particular household 
need(s)

Category Source according to suitability Remarks
Most 
suitable

Reasons Moderately 
suitable

Reasons Un-
suitable

Reasons

Drink
Bath

Animal 
wash
Utensil 
wash
Others

Q. Do you sale drinking water to others?YES / NO

If yes, (a) To whom:

(b) When:

(c) Source:

(d) Amount (per day/month):

(e) Income:

Q. Suggestions/recommendations regarding improving or overcoming drinking water crisis?



206

Appendix 7

MONITORING OF HEALTH AND SANITATION STATUS OF HOUSEHOLDS

Name: Union:
Upazila:

1. What type of latrine do you/your family members use? Type: 
Pucca / Semi Pucca / Earthen / Open

2. Do you boil drinking water? Y / N           

3. How long you can store drinking water in earthen pot? Days:______; 
Months:_________

4. Do you/your family members wash hand with detergent before taking meal? Y / N ;
Detergent:                                 

5. Do you/your family members wash hand with soap after coming from toilet? Y / N ;
Detergent:                       

6. Mention the diseases you are experiencing frequently in recent times
Disease Source/

Causes
Type of Medicare Remar

ksNo
Treat.

Trad. 
healing

Trad. 
Med.

NQ
doctor

Homeo
doctor

MBBS 
doctor

Others

7. What is your perception regarding frequency of incidence of diseases in recent times?
Disease Status compared to 10 years past Probable causes

Increased Decreased Un-
changed

Dis-appeared Newly 
appeared

No idea
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8. How much do you spend for treatment and medicine monthly or yearly:
Tk.:___________________/

9. Do you get any health/sanitation advice from any organization? Y / N
If yes, name the organization(s): (1)

(2)
(3)
(4)

10. Is any of the man made structures/activities causing increase in health related 
problems/discomforts? Y / N

Structure/Activity Type of discharge Problem/discomfort

11. Do you experience any disease/disorder after using water from different sources? Y / N

Source Use Type of disease/disorder Perceived causes Mitigation measures
River
Canal
Homestead pond
Community 
pond
Community 
filter
Earthen pot
Shrimp gher
Others

12. Additional information/comments/suggestions:
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Appendix 8

POULTRY/LIVESTOCK FARM MONITORING SHEET

A. Basic Information
Category: Large/Medium/Small/Marginal
Area of farm/shed:
Owners residence: Resident/Non-resident
Main occupation: Other occupations:
Poultry type: Broiler/Meat/Layer
Batch wise duration:

B. Production Activities

2. Labour utilization and cost
Item Frequency Labour/ 

operation
Unit cost 
(Tk)

Total cost 
(Tk)

Remarks

Grand Total 

2. Input Utilization and Cost
Item Frequency of 

application
No./ Amount per 
application

Unit cost 
(Tk)

Total cost (Tk)

Chick release
Feed
Fertilizer
Medications
Others
Grand Total

3. Return
Item No. of 

harvest
Amount (         ) Unit price(Tk) Total price (Tk)

Per harvest Total
Egg
Meat
Litter

Gross return
Net return (3-1+2)

4. Problems:

5. Prospects:

6. Suggestions/recommendations:

8. Additional information:
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Appendix 9

MONITORING SHEET FOR HOMESTEAD PRODUCTION SYSTEMS

Name: Category:
Village: Union: Upazila:
Homestead area: Home garden area:
Year of establishment:
Month: Date: Interviewer:

Q. Inventory of perennial trees (Category: Fruit; Forest; Medicinal; Ornamental; Others )

Tree appearance: H = Healthy; M = Average; W = Weak; D = Dying

Q. Inventory on diversity of floral species in home garden

Q. Inventory of changes in quality of yield/product of homestead enterprises

Species Age
(yr)

No. Height (m) No. of primary 
branch

Girth at chest 
height (cm)

Appear-
ance

Last fruit 
yield

1. <1

1-5

5-10

>10

Category Species Productivity (% change) Remarks
At 
present

10 years 
before

20 years 
before

At 
present

10 years 
before

20 years 
before

Fruit
Timber
Medicinal
Ornament
Summer 
Vegetables
Winter 
Vegetables

Species Symptoms Base 
year

Perceived causes Remarks
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Appendix 10

MONITORING OF BIOMASS FUEL USE BY HOUSEHOLDS

Name: Category: L /M / S / M / LL Village*:
Union:

Upazilla: Season: Kharif-I / Kharif-II / Rabi Month:
Date:

Item Source (%) Avail.
Index*
*

Amount 
used***

Unit 
Price
****

Distance 
coveredOwn Neighbor Open 

area
Forest Market

Firewood
Twigs & leaves
Rice/wheat 
Straw
Rice husk/ Saw 
mill dust
S. cane Bagasse
Jute stick
Crop Leftover/ 
dried weeds
Cow dung stick/
Cow dung cake
Others

Additional Information:

Q. Accounts of surplus and crisis management

Situation Time of 
the year

Items in surplus/ 
crisis

Reasons Measures taken

Abundant supply
(or surplus 
situation)
Moderate crisis
Severe crisis

Q. Do you sale biomass fuel to others? YES / NO (If yes, detail out: type of fuel, amount 
sold, in which time, total income )

Q. What are your suggestions/recommendations regarding improving or overcoming biomass fuel 
crisis?
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Appendix 11

MONITORING SCHEDULE FOR FISH LANDING SITE

Location: Month:
Date:

Infrastructure: Status:
Hat day:
Trader Types:
Item Traders 

present
Sp. 
avail.
(1-5)*

% Contribution of 
Source**

Av.  
sale 
per 
day

H. 
unit 
price 
(Tk)

L. 
unit 
price 
(Tk)

Av. 
unit 
price 
Tk)

Remark
s

1 2 3 4 5

A. Marine/Estuarine Fish

B. Shrimp

C. Sweet water Fish

D. Other aquatic lives

* 1 = Negligible; 2 = Below sufficient; 3 = Moderately sufficient; 4 = Sufficient;
5 = Highly sufficient

** 1 = Own; 2 = From within the village; 3 = From this Upazilla;    4  = From this 
district; 5 = From outside the district
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Appendix 12

MONITORING OF SALT FARM

A. Institutional Profile
Name : Area: Size: Large / Small
Year of establishment :

B. Production Profile
Capacity :
Annual production :
Operating Season (Month) : From_______________ To_______________
No. of batches/season :

C. Inventory of operations:
Process Mode of 

operation*
Capacity (per 
shift/day/week)

Labour used Unit Labour 
cost (Tk)

Remarks

* Manual/Semi-mechanized/Mechanized

D. Inventory of input use
Process Inputs 

used
Source of input Amount per day/

shift/week/season
Input 
cost

Handling 
cost

Remarks

E. Return
Item Yield (per day/shift/week/ 

season)
Unit price(Tk) Total price (Tk)

Gross return
Net return

F. Inventory of waste generation and disposal
Process Wastes 

type*
Discharge 
rate** 

Damping 
site

Discharge 
route

Treated/ 
untreated

Remarks

* 1 = solid/dust;2 = semi solid/liquid; 3 = liquid; 5 = gaseous
** Per shift/hour/day/week

G. Problems; Prospects; Suggestions/Recommendations:
(Please note on the opposite page)
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Appendix 13

HOUSEHOLD FOOD INSECURITY ACCESS SCALE (HFIAS) MEASUREMENT TOOL

Name of Household head _______________________________ 
Address: Village ___________ Union _____________ UZ _______________ 
District____________________

       
Part A:
NO QUESTION RESPONSE OPTIONS CODE
1 In the past four weeks, did 0 = No (skip to Q2)

you worry that your 1=Yes
household would not have ….|
enough food?

1.a How often did this happen?
No. of days ________________
No. of meals_______________ ….|

2. In the past four weeks, 0 = No (skip to Q3)
were you or any household
member not able to eat the 1=Yes ….|
kinds of foods you
preferred because of a lack
of resources?

2.a How often did this happen?
No. of days ________________
No. of meals_______________ ….|

3. In the past four weeks, did 0 = No (skip to Q4)
you or any household 1 = Yes
member have to eat a ….|
limited variety of foods
due to a lack of resources?

3.a How often did this happen?
No. of days ________________
No. of meals_______________ ….|

NO QUESTION RESPONSE OPTIONS CODE
4. In the past four weeks, did 0 = No (skip to Q5)

you or any household 1 = Yes
member have to eat some ….|
foods that you really did
not want to eat because of
a lack of resources to
obtain other types of food?

4.a How often did this happen?
No. of days ________________
No. of meals_______________ ….|

5. In the past four weeks, did 0 = No (skip to Q6)
you or any household 1 = Yes
member have to eat a ….|
smaller meal than you felt
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you needed because there
was not enough food?

5.a How often did this happen?
No. of days ________________
No. of meals_______________ ….|

6. In the past four weeks, did 0 = No (skip to Q7)
you or any other household 1 = Yes
member have to eat fewer ….|
meals in a day because
there was not enough food?

6.a How often did this happen?
No. of days ________________
No. of meals_______________ ….|

7. In the past four weeks, was 0 = No (skip to Q8)
there ever no food to eat of 1 = Yes
any kind in your household ….|
because of lack of
resources to get food?

7.a How often did this happen?
No. of days ________________
No. of meals_______________ ….|

NO QUESTION RESPONSE OPTIONS CODE
8. In the past four weeks, did 0 = No (skip to Q9)

you or any household 1 = Yes
member go to sleep at ….|
night hungry because there
was not enough food?

8.a How often did this happen?
No. of days ________________
No. of meals_______________ ….|

9. In the past four weeks, did 0 = No (questionnaire is finished)
you or any household 1 = Yes
member go a whole day ….|
and night without eating
anything because there was
not enough food?

9.a How often did this happen?
No. of days ________________
No. of meals_______________ ….|
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Appendix 14

MONITORING OF TRADING OF AGRICULTURAL COMMODITIES

Location: Month: Date:
Infrastructure: Status:
Hat day:
Traders Type:
Item Traders 

present
% Contribution of Source* Av.  sale

per day
H. unit 

price (Tk)
L. unit 
price (Tk)

Av. unit 
price Tk)

Remarks
1 2 3 4 5

A. Cereals
Rice (Course)
Rice (Medium)
Rice (Fine)
Rice (Aromatic)
Wheat
Atta
Maida

B. Pulses
Lentil
Mug
Khesari
Mash Kolai
Chola

C. Oilseeds
Mustard
Mustard oil
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Soybean
Soybean oil
Others

D. Vegetables

E. Livestock products
Beef
Mutton
Poultry
Duck
Poultry/Duck 
Chick
Pigeon
Cow milk
Goat Milk
Egg (Hen)
Egg (Duck)

F. Fishes

G. Shrimps
Bagda
Bagda fry
Golda
Golda fry
Horina Chingri
Lobstar

H. Others

* 1 = Own; 2 = From within the village; 3 = From this Upazilla;    4  = From this district; 5 = From outside the district
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HOUSEHOLD FOOD CONSUMPTION SURVEY QUESTIONNAIRE

Name:____________________________; Village:_______________________ 
Union:____________________________; Upazilla:______________________ 
District:___________________________
Occupation:  Main __________________; Other __________________________
Family composition:  Adult: __________; Children: ____________
Landholding category:_________; Monthly income: Tk_____________

Consumption of foods during last one week by your family members

Item Frequency of consumption Quantity consumed (kg or g)

Daily Weekly Monthly In the last week In the last 1 month
Cereals:
Rice
Wheat (Atta)
Fish
Chicken
Meat
Egg
Milk
Vegetables

Pulses
Fruits
Sugar/molasses
Oils
Onion
Garlic
Chili
Turmeric
Zinger
Others
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Appendix 16

A. Land utlization in Shyamnagar

Year Land utilization (ha) Cropping 
intensityTotal 

cultivable 
land

Total 
cultivated 
land

Net 
cropped 

area

Single 
cropped 

area

Double 
cropped 

area

Triple 
cropped 

area
1983-84 38570 32598
1989-90 38570 32412 30332 29113 1252 266 106
1990-91 38570 32560 30777 29206 1359 212 106
1991-92 38570 32811 30549 28452 1932 135 107
1992-93 38570 31754 29412 27235 1952 196 108
1993-94 38570 24054 21856 19831 1850 175 110
1994-95 38570 20751 18860 17119 1591 153 110
1995-96 38570 24603 21942 19335 1950 350 112
1996-97 38570 24240 21538 19252 1930 353 112
1997-98 38570 24472 21375 19254 2045 373 113
1998-99 38570 25322 22372 19872 2050 450 113
1999-00 38570 25180 22730 20700 1310 420 111
2000-01 38570 24650 22380 20500 1505 385 110
2001-02 38570 25314 22994 21074 1520 400 110
2002-03 38570 24788 22128 19948 1700 480 110
2003-04 38570 25435 22195 19575 2000 620 115
2004-05 38570 24546 22896 20846 1350 700 112
2005-06 38570 24739 21739 19539 1400 800 114
2006-07 38570 24956 21756 19406 1500 850 115
2007-08 38570 30910 25110 20210 3000 900 123
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B. Area and productivity of different rice crops in Shyamnagr

Year
Aus (MV) Aman (LV) Aman (MV) Boro (MV)

Area 
(ha)

Prod. 
(t/ha)

Area 
(ha)

Prod. 
(t/ha)

Area 
(ha)

Prod. 
(t/ha)

Area 
(ha)

Prod. 
(t/ha)

1989-90 105 2.88 20500 2.12 9800 3.93 750 4.20
1990-91 103 2.93 20647 2.19 10162 3.96 810 4.56
1991-92 71 3.68 18328 2.1 11981 3.98 1294 4.20
1992-93 136 3.35 13630 2.1 16223 3.96 960 3.18
1993-94 60 3.27 9085 2.34 13750 4.05 425 3.71
1994-95 82 3.47 7745 2.7 11855 4.05 365 4.07
1995-96 45 3.24 6165 2.1 14585 3.80 320 4.02
1996-97 38 3.41 6400 2.28 16550 4.02 380 4.32
1997-98 53 3.03 5500 1.5 17500 3.15 465 4.50
1998-99 80 3.30 2800 1.59 20220 3.05 750 4.20
1999-00 90 3.75 1900 1.95 21700 4.05 725 4.50
2000-01 190 3.45 2400 1.71 19900 3.36 710 5.48
2001-02 180 2.84 2350 2.43 20400 3.53 680 4.95
2002-03 180 3.99 2000 1.95 20105 3.30 800 5.18
2003-04 175 3.53 1500 1.8 20850 3.30 1000 5.15
2004-05 200 3.30 1350 1.94 20880 3.30 1240 5.26
2005-06 100 3.75 1200 1.95 20350 4.22 1400 4.50
2006-07 180 4.01 800 2.1 20527 4.20 1500 5.41
2007-08 260 3.15 450 1.65 21100 3.15 3000 5.71
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Appendix-17

Projected population, paddy demand and balances under different scenarios in Shyamnagar
Year Population

(Adult)
Amount (t)

Paddy demand Balance (S-1) Balance (S-2) Balance (S-3) Balance (S-4)
1990 219386 54540 -16732 -16732 -16732 -16732
1991 224252 55749 -15897 -15897 -15897 -15897
1992 229227 56986 -8950 -8950 -8950 -8950
1993 234311 58250 2787 2787 2787 2787
1994 239509 59542 -7778 -7778 -7778 -7778
1995 244821 60863 -16016 -16016 -16016 -16016
1996 250252 62213 -11058 -11058 -11058 -11058
1997 255803 63593 -2060 -2060 -2060 -2060
1998 261477 65003 -13311 -13311 -13311 -13311
1999 267276 66445 -7901 -7901 -7901 -7901
2000 273205 67919 14500 14500 14500 14500
2001 279265 69426 -5095 -5095 -5095 -5095
2002 283733 70537 -2254 -2261 -2261 -2261
2003 288273 71665 -7503 -7517 -7517 -7517
2004 292885 72812 -5613 -5634 -5634 -5634
2005 297572 73977 -5412 -5442 -5442 -5442
2006 302333 75160 8165 8128 8128 8128
2007 307170 76363 9299 9254 9254 9254
2008 312085 77585 -1510 -2958 -2244 -2244
2009 317078 78826 -13196 -18326 -14841 -14826
2010 322151 80087 -15746 -20625 -14022 -12440
2011 327306 81369 -18307 -22944 -13226 -9970
2012 332543 82671 -20881 -25284 -12450 -7415
2013 337863 83993 -23467 -27644 -11692 -4772
2014 343269 85337 -26067 -30026 -10951 -2040
2015 348762 86703 -28680 -32429 -10222 782
2016 354342 88090 -31307 -34855 -9506 3698
2017 360011 89499 -33948 -37302 -8799 6708
2018 365771 90931 -36604 -39772 -8099 9815
2019 371624 92386 -39274 -42265 -9452 10481
2020 377570 93864 -41959 -44781 -10838 10114
2021 383611 95366 -44661 -47320 -12257 9725
2022 389749 96892 -47378 -49884 -13709 9312
2023 395985 98442 -50111 -52472 -15195 8874
2024 402320 100017 -52861 -55085 -16715 8412
2025 408757 101618 -55628 -57723 -18269 7924
2026 415298 103244 -58412 -60387 -19857 7411
2027 421942 104895 -61215 -63077 -21479 6871
2028 428693 106574 -64036 -65793 -23136 6306
2029 435552 108279 -66875 -68536 -24828 5713
2030 442521 110011 -69733 -71306 -26556 5093

* Adult population = 89% of the total population; ** Demand = 681.1 g/cap/day;

*** Balance = Total production – (wastage + use as seed @ 10% of total production) -demand
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Appendix 18

A. Land utilization in Paikgacha

Year Total 
cultivable 

land

Current 
fallow

Permanent 
fallow

Total 
cropped 
area

Net 
cropped 

are

Single 
cropped 

area

Double 
cropped 

area

Triple 
cropped 

area

Cropping 
intensity

(%)
1997-98 27700 600 324 39200 27000 16400 9600 1200 145
1998-99 27600 600 324 40200 27000 16400 9800 1400 145
1999-00 27420 620 284 40380 26800 15900 10080 1440 147
2000-01 27230 780 274 42600 26450 13420 12250 1560 156
2001-02 27035 600 255 45670 26435 10050 15335 1650 169
2002-03 27000 1000 250 47750 26000 8000 17250 1750 177
2003-04 32343 2284 250 47750 27000 8000 17250 1750 177
2004-05 32443 2284 250 47750 27000 8000 17250 1750 177
2005-06 28442 2284 200 41988 24410 10785 9672 3953 172
2006-07 28340 2500 240 41988 26100 7200 16100 2800 183
2007-08 28340 3430 394 45285 24910 6123 17199 1588 183

B. Area under different rice crops in Paikgacha

Year Aus(MV) Aman 
(MV)

Boro

Area (ha) Productivity 
(t/ha)

Area 
(ha)

Productivity 
(t/ha)

Area 
(ha)

Productivity 
(t/ha)

1997-98 150 3.45 12850 4.15 250 4.25

1998-99 160 3.42 12600 3.50 314 4.50

1999-00 40 3.50 13450 4.50 635 4.50

2000-01 40 3.05 14500 3.96 306 4.46

2001-02 68 3.50 14550 3.99 350 4.65

2002-03 40 3.00 16420 4.05 480 5.45

2003-04 40 4.31 12852 3.48 545 2.71

2004-05 56 2.42 15793 3.72 840 4.28

2005-06 56 2.32 16160 4.05 1150 4.92

2006-07 40 2.30 15116 4.44 1300 5.09

2007-08 40 2.30 14101 3.60 2500 6.01
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Appendix 19

Projected population, paddy demand and balances under different scenarios in  Paikgacha

Year Population  
(Adult)*

Amount (t)
Paddy Demand** Balance*** (S-1) Balance (S-2) Balance (S-3)

1998 210453 52319 -2211 -2211 -2211
1999 213853 53164 -12218 -12218 -12218
2000 217309 54023 3078 3078 3078
2001 220820 54896 -1938 -1938 -1938
2002 226340 56269 -2501 -2501 -2501
2003 231999 57675 4590 4590 4590
2004 237799 59117 -10599 -17499 -17499
2005 243744 60595 -4432 -4432 -4432
2006 249837 62110 1950 1950 1950
2007 256083 63663 2968 2757 2757
2008 262485 65254 -6044 -12854 -12854
2009 269047 66886 12858 -13127 -11158
2010 275774 68558 -2589 -13440 -9406
2011 282668 70272 -2789 -13795 -7600
2012 289735 72028 -3029 -14193 -5740
2013 296978 73829 -3309 -14635 -3829
2014 304402 75675 -3630 -15122 -1866
2015 312012 77567 -3994 -15655 147
2016 319813 79506 -4402 -16236 2209
2017 327808 81494 -4855 -16865 4318
2018 336003 83531 -5354 -17543 6474
2019 344403 85619 -5901 -18273 6226
2020 353013 87760 -6496 -19055 5925
2021 361839 89954 -7141 -19890 5570
2022 370885 92202 -7838 -20780 5161
2023 380157 94508 -8587 -21726 4696
2024 389661 96870 -9391 -22730 4173
2025 399402 99292 -10250 -23793 3590
2026 409387 101774 -11166 -24917 2948
2027 419622 104319 -12141 -26102 2243
2028 430113 106927 -13176 -27352 1474
2029 440865 109600 -14273 -28666 641
2030 451887 112340 -15433 -30047 -260

* Adult population = 89% of the total population; ** Demand = 681.1 g/cap/day;

*** Balance = Total production – (wastage + use as seed @ 10% of total production) -demand
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Appendix 20

A. Land utilization in Rampal

Year Land utilization (ha) Cropping 
intensityTotal 

cultivable 
land

Total 
cultivated 
land

Net 
cropped 

area

Single 
cropped 

area

Double 
cropped 

area

Triple 
cropped 

area
1983-84 22426
1997-98 20400 19900 500 100 104
1998-99 20250 19885 365 100 103
1999-00 20150 19588 362 200 104
2000-01 19850 19400 250 200 103
2001-02 19700 17163 637 200 97
2002-03 20505 19930 19500 17895 605 180 101
2003-04 17690 17690 19550 19185 350 150 101
2004-05 19865 19750 19170 16690 450 30 103
2005-06 19870 19520 19150 18600 500 50 103
2006-07 20300 20205 19010 18540 430 40 102
2007-08 20505 19930 19205 18275 860 70 105

B. Area under different rice crops in Rampal

Year
Aman (LV) Aman (MV) Boro (MV)

Area (ha) Prod. (t) Area (ha) Prod. (t) Area (ha) Prod. (t)
1997-98 18200 2.02 1700 3.49 100 3.08
1998-99 18195 1.80 1690 3.00 184 2.90
1999-00 17855 2.52 1733 3.59 286 3.66
2000-01 17800 1.83 1600 3.99 190 3.59
2001-02 15635 1.87 1528 3.34 180 2.84
2002-03 16345 1.93 1550 3.12 185 2.84
2003-04 14950 2.19 1550 3.75 187 3.64
2004-05 14785 2.15 1220 3.75 355 4.20
2005-06 17150 2.51 1450 3.65 582 4.06
2006-07 16225 2.51 1216 3.99 720 4.68
2007-08 16465 1.65 1345 3.01 1824 5.15
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Appendix 21

Projected population, paddy demand and balances under different scenarios in  Rampal

Year Population
(Adult)*

Amount (t)
Paddy 
demand**

Balance*** (S-1) Balance (S-2) Balance (S-3) Balance (S-4)

1998 151410 37641 1082 1082 1082 1082
1999 153856 38249 -3696 -3696 -3696 -3696
2000 156342 38867 8209 8209 8209 8209
2001 158868 39495 -3749 -3749 -3749 -3749
2002 161092 40048 -8642 -8642 -8642 -8642
2003 163347 40608 -7406 -7406 -7406 -7406
2004 165634 41177 -5832 -5832 -5832 -5832
2005 167953 41753 -7710 -7710 -7710 -7710
2006 170304 42338 3254 3254 3254 3254
2007 172688 42931 1088 1088 1088 1088
2008 175106 43532 -6978 -6000 -6000 -6000
2009 177558 44141 -4878 -12015 -10790 -10566
2010 180043 44759 -5247 -12781 -10358 -11638
2011 182564 45386 -5596 -13556 -9959 -12484
2012 185120 46021 -5925 -14339 -9595 -13084
2013 187712 46665 -6235 -15132 -9265 -13419
2014 190340 47319 -6525 -15933 -8970 -13467
2015 193004 47981 -6795 -16744 -8709 -13204
2016 195706 48653 -7046 -17564 -8484 -12602
2017 198446 49334 -7278 -18393 -8293 -11632
2018 201224 50025 -7491 -19232 -8136 -10260
2019 204042 50725 -7685 -20080 -9112 -10841
2020 206898 51435 -7860 -20939 -10098 -11160
2021 209795 52155 -8017 -21807 -11094 -11217
2022 212732 52885 -8155 -22685 -12100 -11008
2023 215710 53626 -8274 -23574 -13116 -10527
2024 218730 54377 -8376 -24473 -14142 -9765
2025 221792 55138 -8459 -25382 -15179 -8710
2026 224897 55910 -8524 -26303 -16226 -7347
2027 228046 56693 -8572 -27234 -17285 -5657
2028 231239 57486 -8602 -28175 -18354 -3619
2029 234476 58291 -8614 -29128 -19434 -1210
2030 237759 59107 -8609 -30093 -20526 1600

* Adult population = 89% of the total population; ** Demand = 681.1 g/cap/day;

*** Balance = Total production – (wastage + use as seed @ 10% of total production) -demand
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Appendix 22

A. Land utilization in Chakaria

Year Land utilization (ha)
Total cultivable 

land
Net cropped 

area
Single 

cropped area
Double 

cropped area
Triple 

cropped area
Cropping 
intensity

1983-84 25379
1995-96 24350
1997-98 24223 24223 5500 13423 5300 199
1998-99 24223 24223 5300 13223 5700 201
1999-00 24123 24123 5200 13123 6800 215
2000-01 24123 24123 5100 13223 6800 215
2001-02 23750 23750 4000 12750 7000 212
2002-03 23700 23700 4000 12700 7000 213
2003-04 23552 23552 3950 11452 7150 205
2004-05 23442 23442 3950 11342 7150 205
2005-06 23000 22500 2275 12652 7573 219
2006-07 22223 22273 670 12500 9103 244
2007-08 22223 22273 670 12500 9103 244

B. Area and productivity of different rice crops in Chakaria

Year Aus (MV) Aman (MV) Boro (MV)
Area (ha) Prod. (t/ha) Area (ha) Prod. (t) Area (ha) Prod. (t/ha)

1997-98 1700 3.62 12500 4.81 1200 4.87
1998-99 1200 3.62 12900 4.81 1220 4.87
1999-00 1200 3.62 13100 4.55 1250 4.87
2000-01 1150 3.62 13500 4.81 1250 4.87
2001-02 850 3.62 14000 4.81 1300 4.76
2002-03 500 3.62 15000 4.81 1350 4.85
2003-04 400 4.89 14000 5.16 1456 6.62
2004-05 500 5.25 13550 5.65 1725 6.62
2005-06 500 4.18 13550 4.95 2286 6.79
2006-07 498 3.82 15520 4.86 2400 4.86
2007-08 2275 3.68 16922 5.74 2650 6.16
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Appendix 23

Projected population, paddy demand and balances under different scenarios in Chakaria

Year Population
(Adult)*

Amount (t)
Paddy Demand** Balance*** (S-1) Balance (S-2)

1998 267178 66411 48508 48508
1999 273468 67975 49564 49564
2000 279906 69575 48937 48937
2001 286495 71213 53372 53372
2002 293240 72889 54942 54942
2003 300143 74605 61031 61031
2004 307209 76361 111990 111990
2005 314441 78159 98442 98442
2006 321843 79999 104763 104763
2007 329420 81882 56619 56619
2008 336997 83766 65286 32068
2009 344748 85692 69629 34177
2010 352677 87663 69709 33897
2011 360789 89679 69744 33572
2012 369087 91742 69732 33200
2013 377576 93852 69673 32781
2014 386260 96011 69566 32313
2015 395144 98219 69408 31796
2016 404232 100478 69200 31228
2017 413530 102789 68940 30607
2018 423041 105153 68627 29934
2019 432771 107572 68259 29207
2020 442724 110046 67836 28423
2021 452907 112577 67356 27583
2022 463324 115166 66817 26685
2023 473980 117815 66220 25727
2024 484882 120525 65561 24708
2025 496034 123297 64840 23627
2026 507443 126133 64055 22482
2027 519114 129034 63205 21272
2028 531054 132001 62288 19995
2029 543268 135037 61303 18650
2030 555763 138143 60248 17235

* Adult population = 89% of the total population; ** Demand = 681.1 g/cap/day;

*** Balance = Total production – (wastage + use as seed @ 10% of total production) -demand
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Appendix 24

CASE STUDIES ON RIVERS AND CANALS

Case Study-1: Jamuna River, Shyamnagar

Jamuna is a historic river in the Southwestern region of Bangladesh. It is the main 
tributary of Ichamoti India has entered into Bangladesh territory as Jamuna and flowing 
through Bhurulia, Shyamnagar sadar and Ramjannagar Unions of Shyamnagar Upazila 
into the Bay of Bengal.

Historic Jamuna river is almost dead now diminishing the wide diversity of flora, fauna, 
livelihood and culture of millions of people existing for hundreds of years. The flow 
pattern of Ichamoti-Jamuna had been interrupted at different time scales due to natural 
causes. Such transformation also changed the ecosystem and environment. The most 
victims were human kind. The first anthropogenic activity which brought disaster in the 
Jamuna river was the creation of Sahebkhali canal in 18th century. Second man made 
disaster was the digging of Kakshiali canal. Due to creation of these two canals the flow 
pattern of Jamuna-Ichamoti was diverted and as a result Kalindi canal was transformed 
into a big river. The third man-made disaster was the creation of embankment under CEP 
during 1960-1973 period. Embankment was made before the completion of soil 
formation in the region. As a result wide scale disruption in the soil formation was 
happened. Land subsidence became rapid in one hand. On other hand disruption in the 
tidal flow pattern caused raising of river bed due to lesser distribution of silts in the 
surrounding tidal floodplains.

The length of Jamuna from the point of Kakshiali river to its lower end at Madar River is 
around 26 km. Jamuna had 40 tributaries/canals. These canals were also linked with 
around 44 beels (Oxbow Lake). Jamuna had very rich cultural heritage. There were 
almost 54 historical structures on the bank of Jamuna river, which are almost history now. 
Coastal embankment first obstacle to Jamuna river by building a sluice gate at the 
junction point of Jamuna Madar river in 1960. Since then 26 more obstacles 
(dams/bunds) were raised at 26 different points in the upstream. These obstacles were 
raised to make bunds, roads, settlement, etc. Inside the bunds numerous numbers of roads, 
housees, shops, and other infrastructures were raised. Now, the entire Jamuna river is 
almost dead  (Photo 4.3). All the canals and beels linked with this river are now under 
shrimp farming. The entire area surrounding Jamuna river are very much affected every 
year by water stagnation causing sufferings to local inhabitants.
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Case Study-2: Chuna River, Shyamnagar

Chuna river is one of the major rivers flowing through Buri Goalini and Atulia Unions. 
The length of the river is 20-25 km according to local sources. Once the river was a major 
navigation route, but completely silted up at present. The river is totally dead in most of 
the parts accept 2-3 km at downstream near Kholpetua river. The average water depth 
was around 80-100 ft, at present only 3-5 ft at the tail end (Photo 4.4). Most of the areas 
of the river have been grabbed by influential shrimp farmers. Once this river was one of 
them major sources of fishes for the local communities, which eventually disappeared 
due to obstacles created by shrimp farmers. At present the river is segmented all along its 
length with sporadic areas of stagnant dirty water as can be seen in the photograph.

Case Study-3: Kabodak River, Paikgacha

Kobodak river has flown by 30 km through Paikgacha. The river started from Padma 
(Ganges) and ended up to the Bay of Bengal. Previously its breadth was around 500m. 
Now it is only around 30-50m. Previous depth was around 150-225 feet. Now the average 
depth at Kopilmuni point is around 2.5-5 feet during ebb tide and 12- 15 ft during high 
tide. Childrens were found crossing the river by walking when the photograph was taken. 
Main cause is siltation and reduced flow of water from upstream due to the adverse 
impact of Farakka Barrage. The main cause of siiltation is dams on the mouths of its 
tributeries caused by CEP and shrimp farmers. Naturally silts were being distributed to 
different tributaries and canals during high tide (Photo 4.5). But the canals and tributaries 
were dammed by shrimp farmers. So, the silts are deposited on the river bed, causing 
elevating height of the river bed. Now at many points the river bed height is higher than 
the surrounding areas.

Case Study-4: Nasirpur Canal, Paikgacha

Nasirpur canal was flowing through Horidhali and Kopilmuni Unions under the 
Paikgacha Upazila. In the post embankment period the entire Nasirpur canal (25 ha) was 
grabbed by influential persons with the help of some corrupt and influential officials and 
used for shrimp cultivation instead of high yielding varieties of rice (Photo 4.6). As a 
result dry areas on both side of the canal became waterlogged. A lot of social changes 
also happened to the area due to this, like people losing their livelihoods and trying to 
find work wherever they can such as brick fields, constructions site, shrimp farms etc. 
Migration to other areas in search of work also took place which left a lot of the female 
and children of the families on their own. As the problem became unbearable especially 
in 2003, when the two unions suffered severe water logging and damage of crops due to 
heavy rainfall, the people of Kapilmuni union tried to solve it by taking their own 
measures. They organized themselves under a Water Management Committee and 
actively got involved to solve this problem. Uttaran, a local NGO based in Satkhira also 
assisted them. ActionAid Bangladesh, an international NGO gave them solidarity and 
financial assistance. After a long term demonstrations and struggles the district 
administration of Khulna ordered that Nasirpur Canal could not be used as a shrimp 
farming area as well as ensuring the government compensation from the illegal 
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possessors and solving the water-logging problem. But during field visit it was found that 
the canal was still under illegal occupation by the shrimp farmers despite court order as 
well as District Administration order.

Case Study-5: Daudkhali River, Rampal

Daudkhali river is one of the main rivers flowing through Rampal sadar Union. Total 
length of the river is around 40 km. Its length from Rampal to Bagerhat is around 30 km. 
Among this, 27 km has been almost dried up. Originally its breadth was around 500m. 
Now the breadth has been reduced to almost 20-30 yards. This was once a major route of 
riverine transport to Bagerhat district Headquarters. Now no boat is running through this 
river. Average depth was 150 ft 20 years before, which now has reduced to only 5-7 ft 
during high tide and 3-5 ft during ebb tide (Photo 4.7 & 4.8). The major reason behind 
rise in river bed was closure of the canals linked to it as well as illegal grabbing of the 
banks of the river for shrimp farming. These activities resulted over siltation on the river 
bed and as a result the river has been gradually drying up as opined by the local residents 
at a discussion meeting.
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Appendix 25

CASE STUDIES ON LIVELIHOOD ACTIVITIES AND ADAPTATIONS

Case Study-1: Sheikh Abdus Salam, Rampal

Abdus Salam Sheikh of Jhanjhania Tala, Rampal, was one of the subsistence type rice 
farmers. He used to cultivate Aman rice, mainly local variety. But the yield was very 
poor and not sufficient to meet up his family needs. However, high price of paddy during 
post-SIDDR encouraged him to grow Boro rice in 66 decimals of land. But the entire 
crop was burnt due to lack of rainfall, lack of alternative sources of sweet water for 
irrigation as well as high soil salinity (Photo 6.6). Similar fate was received by other 
neighbouring farmers as well. Abdus Salam, however, agreed that brackish water shrimp 
farming has been putting deleterious effects on agricultural production activities. That’s 
why Abdus Salam and his neighbours have no willingness to retreat. They went to the 
Upazila officials and sought their assistance regarding creation of sweet water sources, 
but returned with disparity. But, they seemed to be very much adamant to grow boro rice 
in the next season. Therefore, Abdus Salam and his neighbours decided to dig a sweet 
water reservoir adjacent to their crop lands on voluntary basis (Photo 6.7). They even did 
not receive any supplemental help from any local authorities as well.
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Case Study-2: Noor Mohammad Mollah, Buri Goalini, Shyamnagar

Noor Mohammad Mollah, 73 years old rice farmer has been experiencing both the past 
and the present (Photo 6.8). Family members are seven. Mollah usually cultivates aman 
rice for his family needs. He has seen the gradual decline of yield of aman rice. 10 years 
before, the average yield of aman rice were around 18-20 maunds/bugha. Now, the yield 
level has declined to almost 5-10 maunds/bigha. Last season he cultivated aman rice 
cultivation in 130 decimal of land and yield was only 5 maunds/bigha. He tried boro rice 
cultivation in 33 decimal of land. Total crop was failed due to lack of irrigation water as 
well as no rainfall. Mollah has some fruit as well as forest trees in his homestead. 
Homestead plantations, do not yield any fruit. Rather twigs and leaves are also short of 
demand. That’s why he has to purchase biomass fuel from the market. Noor agreed that 
biomass fuel from the informal market are solely coming from the Sundarbans illegally. 
But what people can do in a condition of sever biomass fuel crisis? Mollah reported 
severe outbreaks of insect pests in recent years in aman as well as boro rice. It has forced 
them to depend heavily on insecticides. In the last aman rice Mollah sprayed insecticides 
5 times, the last application during grain ripening stage. Mollah was very hopeless about 
the performance of IPM. He complained that IPM simply does not work. He feels that 
beneficial insect pest have already been depleted due to indiscriminate use of insecticides. 
He was asked that at least he can put some sticks in this rice field so that insect feeding 
birds can sit there. He replied angrily, “there is no bird in the region, then who will sit on 
those sticks?” He also reported that once the area was full of different birds e.g. Fingey, 
Doel, Crow, Shakun, Bok, Sharosh, Eagle, Sparrow, Parrots, Dove, and many others. 
Now all have diminished. He predicted that birds feeding on insecticide mixed grains are 
declining in numbers day by day. Mollah reported severe scarcity of drinking water in the 
region. His family collects drinking water from community filter at 1km distance
Collection. Average cost is Tk. 15-20/day. He blamed shrimp cultivation as the root 
cause for all sorts of disasters in the region. Once the region was full of canals, now no 
canal is existing in their original status. All have already been converted to shrimp farms. 
He mentioned about Chuna river, Sonakathi cnanal, Porakatla canal as the main sources 
of fishes in the locality once. But, now only shrimps dominate in these water bodies. Now 
they have to buy fish from the markets. Those are Silver carp, tilapia, rui, no local fish. 
Molla demanded immediate reopening of all the canals and water bodies in the region.
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Case Study-3: Baidya Nath Dhali, Paikgacha

Mr. Baidya Nath Dhali is a resident of Village - Baisha Mari under Paikgacha Upazila of 
Khulna Distrct (Photo 6.13). He is about 46 years old and passed higher secondary school. 
He is one of the progressive farmers and probably the second man after Hazi Abdul Gani 
to introduce brackish water shrimp farming in his locality. He started brackish water 
shrimp farming in 1984 and still he has been continuing this farming. He first got the 
message of profitable shrimp farming from Sathkira – the neighbouring District, and 
hired some experienced labourers from that area to start and take care of his farm.  He 
had started the first shrimp farming in a water cannel size of 100 bighas taking lease from 
Hazi Abdul Goni through a lease contract of Tk. 20,000/year for a period of three years. 
This cannel was a part of river which had been blocked during the establishment of 
coastal embankment. He had invested around Tk. 48,000 for shrimp farming in the first 
year (1984) and his income from the farming was 1:21. This expenditure-income ratio 
indicated that his net income was Tk. 1000000.00 (one million). He opined that he also 
earned about the same amount of money for about six consecutive years, but after that the 
income figure was slowed down. Mr Dahli had increased this shrimp farming practice to 
manifolds and number of farms were increased to 11 in 1995. The sizes of shrimp farms 
were 1100, 800, 700, 500, 300, 200, 170, 80, 50 and 20 bighas.  Besides increasing 
shrimp farms, he bought three markets and two two-stored buildings in the Upazila 
Premise of Paikacha. Suddenly in 1996, most of the shrimp farms were affected by 
unknown virus. There were huge losses during that year as the number of shrimp farm 
was the highest, and after that he has been facing the same problems though losses are 
not so severe like 1996. Because of huge losses in almost every year, he was bound to 
sell most of the properties that he owned from the profits of shrimp farming. Not only 
that, he had to sell a large portion of his parental properties and even he has now loan of 
Taka 1,000,00  to local Janata Bank. Presently he has two shrimp farms having sizes of 
170 and 90 bighas. In spite of huge losses, he has been practicing shrimp farming with 
the hope that the Golden age of shrimp farming will come back again. 

Mr. Dhali reported that his area was purely a rice growing area before converting to 
shrimp farming where his father was used to harvest about 1800 maunds of rice. 
Presently, rice production is his area is almost nil. He opined that this area was a food 
surplus areas, but at present around 80% of food comes from the neighboring Upazilas 
and districts. Beside, his father had 80 Buffalos, 90 Cattles, 150 Pigeons. But at present 
he has none of these resources. He also reported that his homestead had rich plantations 
and looked like an evergreen jungle, while now it looks like a barren field. He admitted 
that traditional farming was much better than the present shrimp farming. Mr. Dhali 
along with other households of the area is very much worried about their future 
livelihoods. He wants to back to traditional farming, but he is not sure whether they 
would be able to back to earlier stage. He opined that present situation will partially 
improve if barriers of the natural rivers and cannels are removed and movement for fresh 
water is intensified.
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Case study-4: Molla Abdul Mazid, Paikgacha

Molla Abdul Mazid is one of the pioneers of shrimp farming of Village - Paikgacha, 
Union - Shallo Dana Under Paikgacha Upazila of Khulna Distrct. He is about 47 years 
old and has been practising shrimp farming since 1989. The size of  his joint venture 
shrimp farm is about 11 ha and it belongs to several farmers, while Mr. Molla is the 
largest partner. Mr. Molla opined that shrimp farming was a profitable and lucrative 
farming for several years, therefore, the whole areas which were once predominantly rice 
growing areas have been converted to shrimp farming. But shrimp faming has become a 
loosing concern since 1996 because of unknown disease possibly of virus infection. 
Because of repeated losses due to viral infection and other ecological disasters, he along 
with his other partners decided to go back in rice farming. But they understood that 
because of high water salinity, rice will not grow there unless they can arrange fresh 
water for it. With this assumption, they established three machines, each of having 230 
feet deep pipes and 4 inches in diameter. They spent Tk. 20,000 for installation of each 
pump. Therefore, they have invested Tk. 60000.00 for installing of three pumps for 
irrigating their rice field with fresh water. They spent Tk. 200-300 per day to buy fuel for 
pumping water to irrigate the rice field. 

They have planted hybrid rice namely Taj and one modern variety BRRI Dhan 47 in the 
first week of February; those are known as salinity tolerant varieties. Initially the growth 
of both varieties was very good but the farmers had a hope that they will get about 25 to 
30 maunds of rice per bigha. But unfortunately, their crop fields have been severely 
damaged because of intentional pouring of saline water in the rice field. He and his 
partners complained that president of the nearby polder association intentionally poured 
saline water to their field. As the President of Polder is an influential man, they failed to 
take action against him. Therefore, performance of rice was seemed very poor that will 
eventually lead the loss. They together spent about Tk. 150,000.00 but they are not sure 
how much they will get as return from this cultivation. But Molla and his associates are 
very determined to grow rice in the next year again. He is also hopeful that other farmers 
will join with them as the local sentiment is highly against shrimp farming. Mr. Molla 
strongly believes that this area will convert to rice farming again. We found enthusiasm 
among farmers during the field visit that they will grow rice and other traditional crops if 
saline water is checked.  
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Case Study-5:Khurram Khan, Organic Shrimp Farmer, Atulia, Shyamnagar

Mr. Khurram Khan is the pioneer of organic shrimp farm movement in Atulia Union of 
Shyamnagar. The study team visited his farm (Photo 6.15) and also interviewed him. The 
story is described in his own voice.

Khurram Khan: We were dependent on the hatcheries in Cox’s Bazar for shrimp post 
larvae. Due to presence of antibiotic in the exported shrimps there was ban from foreign 
countries and eventually we lost clients. Start of our organic venture was in 2005. Phillip 
Serene a French man started motivating us towards organic shrimp farming. He 
motivated us to adopt the organic model which started in Vietnam. A French PhD student 
came in request of Serene to train us how to develop organic farm. We were still in the 
dark how to make organic farm. Neighbours were also laughing at us. But I was 
determined and organized local shrimp farmers. Eventually we organized 421 farmers in 
four groups. In 2007 I started organic shrimp farming alone. But due to presence of 
antibiotics no buyer was interested to buy shrimps from us. Serene and his PhD student 
adviced us to plant trees on the dykes of shrimp farms. But before that we increased the 
width of the shrimp farm dykes of around a meter fo easy movement as well as planting 
of tree saplings. SIPPO, a local NGO provided us with tree saplings of Keora, Kakra, 
Byne, Neem, etc. at cheaper price. At least 25% of the farm area should be under 
plantation. The shrimps will feed on decomposed litter falls. We used some Japanese feed 
for the shrimp larvae. Now the number of group members increased to 1800 and total 
area under this organic movement is around 8332 ha. Other non-participating farmers are 
also following the model now. At present compost is not also used in the farms since the 
trees has grown up well and litter fall from those trees are enough. We are now getting 
good price since we were able to be free from antibiotics problem as well as making 
changes in the supply chain. The traditional chain is: Farm Owner-> Faria->Depot->Arat-
>Processing Center. But we sell directly to the processing centre.

But still the remaining problem is cultivation of boro rice in shrimp farms. I tried last 
season, but failed due to scarcity of rainfall and increased salinity. During transplanting 
salinity level was 12-14 dS m-1, but afterwards it raised up to 25 dS m-1 due to drought 
condition. Then the rice plants died. I will try again in the next Boro season.
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Case Study-6: Sheikh Akkas, Rampal

Sheikh Akkas, village: Hoglabunia, Rampal Sadar, Rampal is a van puller (Photo 6.29). 
HIs family members are 5. He himself, his wife and three spouses. Once he was a small 
farmer having 2 bighas of cultivable land where he used to grow local aman rice every 
year. He was self sufficient with the 20 maunds of rice harvested from his land. Akkas 
also used to grow some vegetables in his homestead. In 2002, the land adjacent to his 
crop land was converted to shrimp farm. Sheikh Akkas was also invited by the farm 
owner to join shrimp farming either as partner or through leasing his land. Since Akkas 
had only one piece of land he refused to do so because without cultivating this land for 
rice cultivation his family would not sustain any more. However, the farm owner did not 
force him. Gradually it became visible to Akkas that productivity of rice in his field has 
been declining. Next year, he also noticed that the rice plants were turning brown and 
were dying. Akkas merely got half of the potential yield from his land. Then Akkas 
realized that the presence of shrimp farm was the root cause behind such disaster in his 
land. Akkas complained to the shrimp farmer, but did not get any reponse. Meanwhile, 
with the lower rice yield, Akkas gradually became over burdened with debts. Finally, he 
decided to sell the land to the gher owner at very cheaper price to repay his debts. Now 
Akkas is completely landless having only the homestead and the family members. Akkas 
is a literate person, his father was also literate. Akkas understood that education is the 
root of human development. That’s why Akkas continued his effort to educate his elder 
son and finally sent him to Dhaka for higher studies. His son now studies in Dhaka 
College, Dhaka. His elder daughter is married and lives with her husband in another 
village. Younger daughter is around 5 years old (Photo 6.29). Akkas earns only Tk. 
100/day on average from van pulling. With this income it is not possible to sustain as 
well as educate his elder son. That’s why Akkas’s wife also works in a local NGO and 
gets a benefit of Tk. 1500/month. With these earnings Akkas runs his family very hardly. 
But Akkas is determined to continue and make his son graduated. Akkas put a request to 
the interviewer, “Government should restrict shrimp farming and otherwise the entire 
Rampal Upazila will be ruined.”



236

Case Study-7: Nurul Aziz, Badarkhali, Chakaria

Nurul Aziz, Badarkhali Union, Chakaria is a salt farmer (Photo 6.17). Previously was the 
owner of a land whicvh was leased out to a shrimp farmer. Gradually there was growing 
dispute with that influential shrimp farmer regarding lease money. The farm owner 
deprived him from the amount mentioned in the lease agreement for years. In this way 
Nurul Aziz became over burdened with loans to a local money lender. Finally he was 
bound to sell the entire land at much cheaper price to the shrimp farm owner. Now he is a 
landless farmer producing salt in a land leased from another land owner. Maximum salts
are taken by the land owner through different peculiar terms and conditions laid out in the 
lease agreement. Livelihood becomes further untolerable as salt mill owners form 
syndicate and give them very lo price. Last year Aziz could not recover even the cost of 
production at all. 



237

Appendix 26

Table1. Daily food consumption of respondent households of Shyamnagar
Item Amount (kg/cap/day)

Large Medium Small Marginal Landless All
Rice 0.559 0.649 0.700 0.603 0.569 0.628
Atta 0.014 0.000 0.000 0.003 0.001 0.004
Fish 0.159 0.135 0.133 0.150 0.072 0.144
Chicken 0.113 0.072 0.013 0.013 0.012 0.053
Meat 0.102 0.079 0.029 0.003 0.005 0.053
Egg 0.122 0.175 0.180 0.014 0.015 0.123
Milk 0.045 0.013 0.025 0.025 0.000 0.027
Vegetables 0.199 0.184 0.190 0.138 0.123 0.178
Potato 0.050 0.054 0.011 0.010 0.010 0.031
Pulses 0.031 0.016 0.020 0.010 0.014 0.019
Fruits 0.051 0.004 0.013 0.003 0.012 0.018
Sugar 0.025 0.040 0.010 0.010 0.005 0.018
Edible oil 0.038 0.036 0.033 0.023 0.018 0.032
Onion 0.027 0.043 0.014 0.003 0.014 0.022
Garlic 0.010 0.011 0.004 0.003 0.003 0.007
Chili 0.003 0.014 0.004 0.000 0.003 0.005
Turmeric 0.01 0.008 0.006 0.006 0.006 0.0072
Ginger 0.006 0.004 0.004 0.002 0.002 0.0036
Total 1.548 1.526 1.380 1.012 0.877 1.363

Table 2. Daily energy consumption of respondent households of Shyamnagar 
Item Amount (Cal/cap/day)

Large Medium Small Marginal Landless All
Rice 615 714 770 663 626 678
Atta 37 0 0 7 4 10
Fish 239 203 200 225 109 195
Chicken 153 97 18 18 17 60
Meat 251 194 71 8 12 107
Egg 95 137 140 11 12 79
Milk 17 5 10 10 0 8
Vegetables 50 46 48 35 31 42
Potato 44 47 10 9 9 24
Pulses 51 26 33 16 23 30
Fruits 41 3 11 3 9 13
Sugar 97 155 39 39 19 70
Edible oil 336 318 292 203 159 262
Onion 73 118 39 9 40 56
Garlic 15 17 6 4 5 9
Chili 3 11 3 0 2 4
Turmeric 35 28 21 21 21 23
Ginger 5 3 3 2 2 2
Total 2116 2091 1688 1259 1076 1646
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Appendix 27

Table 1. Daily food consumption of respondent households of Paikgacha
Item Amount (kg/cap/day)

Large Medium Small Marginal Landless All
Rice 0.559 0.549 0.588 0.603 0.575 0.575
Atta 0.014 0.010 0.010 0.003 0.001 0.009
Fish 0.159 0.175 0.133 0.150 0.072 0.154
Chicken 0.133 0.070 0.013 0.010 0.012 0.057
Meat 0.120 0.096 0.020 0.004 0.005 0.060
Egg 0.122 0.175 0.180 0.014 0.015 0.123
Milk 0.045 0.013 0.025 0.025 0.000 0.027
Vegetables 0.179 0.184 0.090 0.122 0.135 0.144
Potato 0.050 0.054 0.021 0.010 0.017 0.034
Pulses 0.031 0.016 0.020 0.018 0.010 0.021
Fruits 0.051 0.004 0.013 0.016 0.012 0.021
Sugar 0.010 0.010 0.008 0.006 0.004 0.006
Edible oil 0.030 0.036 0.020 0.020 0.018 0.026
Onion 0.027 0.030 0.014 0.016 0.014 0.022
Garlic 0.010 0.009 0.004 0.004 0.003 0.007
Chilli 0.014 0.014 0.010 0.010 0.008 0.012
Turmeric 0.009 0.008 0.006 0.006 0.004 0.0066
Ginger 0.006 0.006 0.004 0.002 0.002 0.004
Total 1.554 1.445 1.170 1.031 0.903 1.297

Table 2. Daily energy consumption of respondent households of Paikgacha
Item Amount (Cal/cap/day)

Large Medium Small Marginal Landless All
Rice 615 604 647 663 633 632
Atta 37 27 27 7 4 20
Fish 239 263 200 225 109 207
Chicken 180 95 18 14 17 64
Meat 295 236 49 10 12 121
Egg 95 137 140 11 12 79
Milk 17 5 10 10 0 8
Vegetables 45 46 23 31 34 36
Potato 44 47 18 9 15 27
Pulses 51 26 33 30 16 31
Fruits 41 3 11 13 9 15
Sugar 39 39 31 23 15 27
Edible oil 265 318 177 177 159 219
Onion 73 83 39 44 40 56
Garlic 15 13 6 6 5 9
Chili 11 11 8 8 7 9
Turmeric 32 28 21 21 14 21
Ginger 5 5 3 2 2 3
Total 2062 1952 1436 1279 1086 1561
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Appendix 28
Table 1. Daily food consumption of respondent households of Rampal
Item Amount (kg/cap/day)

Large Medium Small Marginal Landless All
Rice 0.549 0.483 0.500 0.483 0.567 0.516
Wheat 0.000 0.014 0.000 0.014 0.000 0.005
Fish 0.125 0.138 0.177 0.074 0.050 0.100
Chicken 0.117 0.075 0.060 0.030 0.020 0.037
Meat 0.100 0.098 0.078 0.006 0.000 0.028
Egg 0.175 0.195 0.152 0.195 0.152 0.167
Milk 0.013 0.009 0.009 0.009 0.007 0.008
Veg 0.184 0.189 0.117 0.129 0.097 0.114
Potato 0.054 0.017 0.068 0.017 0.020 0.035
Pulses 0.016 0.021 0.011 0.021 0.013 0.015
Fruits 0.029 0.016 0.006 0.006 0.003 0.005
Sugar 0.010 0.010 0.008 0.006 0.006 0.007
Edible oil 0.060 0.058 0.036 0.030 0.026 0.031
Onion 0.043 0.028 0.031 0.028 0.025 0.028
Garlic 0.015 0.005 0.007 0.005 0.005 0.006
Chilli 0.014 0.004 0.006 0.004 0.006 0.005
Turmeric 0.009 0.008 0.006 0.005 0.005 0.0066
Ginger 0.004 0.004 0.004 0.002 0.002 0.0032
Total 1.504 1.359 1.266 1.056 0.997 1.107

Table 2. Daily energy consumption by respondent households in Rampal
Item Energy consumption (Cal/cap/day)

Large Medium Small Marginal Landless All
Rice 604 531 550 531 623 559
Wheat 0 37 0 37 0 19
Fish 188 207 266 111 74 164
Chicken 158 101 81 40 28 63
Meat 246 241 192 16 0 112
Egg 14 15 12 15 12 14
Milk 5 3 4 3 3 3
Vegetables 46 47 29 32 24 33
Potato 47 15 59 15 17 27
Pulses 26 34 18 34 21 27
Fruits 23 13 4 5 2 6
Sugar 39 39 31 23 23 29
Edible oil 530 513 318 265 232 332
Onion 118 76 85 76 68 76
Garlic 22 8 11 8 7 8
Chilli 11 3 5 3 5 4
Turmeric 32 28 21 18 18 21
Ginger 3 3 3 2 2 2
Total 2077 1883 1665 1215 1140 1476
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Appendix 29

Table 1. Daily food consumption of respondent households of Chakaria
Item Amount (kg/cap/day)

Large Medium Small Marginal Landless All
Rice 0.553 0.600 0.669 0.602 0.583 0.601
Wheat 0.000 0.000 0.000 0.000 0.000 0.000
Fish 0.145 0.123 0.148 0.116 0.118 0.130
Chicken 0.089 0.063 0.081 0.005 0.000 0.048
Meat/Beef 0.127 0.101 0.100 0.059 0.010 0.079
Egg 0.150 0.115 0.086 0.078 0.000 0.086
Milk 0.011 0.012 0.010 0.000 0.000 0.007
Vegetables 0.311 0.337 0.308 0.346 0.252 0.311
Potato 0.045 0.048 0.057 0.047 0.047 0.049
Pulses 0.048 0.032 0.026 0.037 0.029 0.034
Fruits 0.014 0.002 0.002 0.000 0.001 0.004
Sugar 0.010 0.003 0.001 0.003 0.001 0.004
Edible Oil 0.054 0.046 0.050 0.040 0.030 0.044
Onion 0.050 0.050 0.046 0.040 0.032 0.044
Garlic 0.015 0.016 0.010 0.005 0.004 0.010
chili 0.011 0.002 0.005 0.004 0.008 0.006
Turmeric 0.009 0.005 0.006 0.005 0.005 0.006
Ginger 0.001 0.000 0.000 0.000 0.000 0.000
Total 1.642 1.555 1.605 1.385 1.120 1.461

Table 2. Daily energy consumption of respondent households of Chakaria
Item Amount (Cal/cap/day)

Large Medium Small Marginal Landless All
Rice 608 660 736 662 642 661
Wheat 0 0 0 0 0 0
Fish 218 184 222 174 177 195
Chiken 120 85 109 6 0 64
Meat/Beff 312 248 246 145 25 195
Egg 117 90 67 61 0 67
Milk 4 5 4 0 0 3
Vegetables 78 84 77 86 63 78
Potato 39 42 50 41 41 42
Pulses 79 53 43 60 47 56
Fruits 11 1 2 0 0 3
Sugar 38 13 5 11 5 15
Edible Oil 477 403 442 354 265 388
Onion 138 138 127 110 88 120
Garlic 22 24 15 7 6 15
chili 9 2 4 3 6 5
Turmeric 32 17 20 16 17 20
Ginger 1 0 0 0 0 0
Total 2304 2049 2168 1737 1382 1928
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Appendix 30

Energy equivalents of food items 
Item Calore/100g
Rice 110.00
Wheat 269.00
Fish 150.00
Chicken 135.00
Meat/Beef 246.00
Egg 78.00
Milk 38.30
Vegetables 25.00
Potato 87.00
Pulses 164.00
Fruits 80.00
Sugar 387.00
Edible Oil 884.00
Onion 275.00
Garlic 149.00
Chili 82.00
Turmeric 354
Ginger 80

Source: http://www.calorieking.com


