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Introduction
This document is a compendium in four volumes of 14 draft Interim Reports and two draft
Inception Reports produced by the Institutions that are conducting research under the Research
Grant Scheme of the National Food Policy Capacity Strengthening Programme (NFPCSP). For
the two Inception Reports the Compendium also includes the Terms of Reference – defining
objectives and scope of each study – that were used to invite research proposals.
The Research Grant Scheme is a major component of the NFPCSP, which is jointly implemented
by Food Planning and Monitoring Unit (FPMU) of the Food Division of the Ministry of Food
and Disaster Management and the Food and Agriculture Organization (FAO) of the United
Nations, counting on financial support from the European Union (EU) and the United States
Agency for International Development (USAID).
The Research Grant Scheme funds policy – relevant food security research related to availability,
access, and utilization of food identified in the research agenda of the FPMU. This includes 16
topics identified through a consultative process and approved by the Minister of Food and
Disaster Management. This analytical undertaking is expected to inform policy making in
Bangladesh consistently with the comprehensive food security policy framework defined in the
National Food Policy and it’s Plan of Action, now embedded in the Sixth Five Year Plan and in
the Country Investment Plan for Food Security, Agriculture and Nutrition.
Terms of Reference were defined for all 16 topics and used to issue two public calls for
proposals in April and November 2011. The award winning Institutions have been selected
following the process approved by the NFPCSP’s Steering Committee, which is described in the
Guidelines for Submission, Selection and Implementation (for details go on internet at
www.nfpcsp.org/RGS) and includes advertisement of the Call for Proposals, administrative
screening, technical evaluation and ranking; and final selection of the award winning proposals
by the Research Grant Panel (a 10 member committee including member from Government,
Civil society and UN organizations). The panel also issues recommendations for improving the
selected research proposals. The NFPCSP supports and monitors research activities through it’s
Technical Assistance Team (TAT) and Research Grant Administrator and mobilizing FAO
expertise for the Asia Pacific Regional Office and HQ in Rome.
This compendium is offered to the participants in the workshop on ‘Research to Inform Food and
Nutrition Security Policies’ to be held on 7-8 May 2012 at the Ruposhi Bangla Hotel in Dhaka as
background information to facilitate active participation in the debate. Indeed, the Workshop
intends to provide an opportunity to review progress of the research programs with a view to
(1) promote policy focus and relevance of the research program and (2) enhance technical quality
of the research by facilitating dialogue between researchers and policy makers.
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Planning and Monitoring Unit (FPMU), Ministry of Food and Disaster Management and Food and Agriculture Organization of the United
Nations (FAO) with the financial support of the EU and USAID.

1. Introduction
Agriculture has a strategic function, because it is a main food supplier for people in
Bangladesh. Different estimation methods of agricultural production provide various data
and information, so their reliability is questionable. One source of error lies in information
on acreage of agriculture fields, which results in calculations of planting area and yields.
According to official data from Soil Resources Development Institute (Land and Soil
Statistical Appraisal Book of Bangladesh, SRDI, 2010) agriculture land covers 9.5 million
hectares in Bangladesh. On the other hand, according to Bangladesh Bureau of Statistics
(BBS) and the Department of Agriculture Extension, DAE (2011) as stated in the Krishi
(agriculture) Diary (2011), it is about 9.098 million hectares. According to BBS (as stated in
the Hand Book of Agricultural Statistics, published by Ministry of Agriculture, 2007),
availability of cultivable land since 1980-81 to 2006-07 has changed as follows:
Table.1. Availability of agricultural land since 1980-81 to 2006-07.
(Area in Million Hectares)
Net
Year
Total Land
Cultivable
Area of
Bangladesh Land
1980-81
1981-82
1982-83
1983-84
1984-85
1985-86
1986-87
1987-88
1988-89
1989-90
1990-91
1991-92
1992-93

14.29
14.29
14.29
14.45
14.48
14.48
14.70
14.84
14.84
14.84
14.84
14.84
14.84

9.38
9.38
9.36
9.46
9.43
9.44
9.51
9.82
9.84
9.78
9.72
9.09
8.75

% of Net
Cultivable
Land in
terms of
total area
65.64
65.64
65.50
65.47
65.12
65.19
64.69
66.17
66.31
65.90
65.50
61.25
58.96

Year

Total Land
Area of
Bangladesh

Net
Cultivable
Land

1993-94
1994-95
1995-96
1996-97
1997-98
1998-99
1999-00
2000-01
2001-02
2002-03
2003-04
2004-05
2005-06
2006-07

14.84
14.84
14.84
14.85
14.85
14.85
14.85
14.85
14.84
14.84
14.84
14.84
14.84
14.84

8.75
8.77
8.72
8.24
8.36
8.43
8.45
8.40
8.48
8.42
8.40
8.44
8.42
8.41

% of Net
Cultivable
Land in
terms of
total area
58.96
59.10
58.76
55.49
56.30
56.77
56.90
56.57
57.14
56.74
56.60
56.87
56.74
56.67

There is therefore a big difference between SRDI and DAE in the availability of agricultural
land figure which is about 0.402 million hectares. This may be explained by difference in the
way the data is collected in both institutions: SRDI generates data on land and soil resources
through analyzing Aerial Photographs (Remotely Sensed Photographs) and ground truthing
(soil survey) along with reviewing secondary information and maps such as the
Reconnaissance Soil Survey (RSS) reports, topographic maps, DLR maps etc., and the time
required for one cycle survey is about 10 years. On the other hand, DAE collect information
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through their Sub-Assistant Agriculture Officers posted in every union of the country and
the time period of survey is also very short.
Table-1 also shows a big difference in the figures of agricultural land between BBS, DAE and
SRDI. BBS collects data through Upazila/Thana Statistical Officer in prescribed forms and
questionnaires. These data are sent to the Agricultural wing, BBS head quarter after
checking and compiling at regional office level. BBS also use secondary data collected from
other organizations such as the Department of Forestry, the Department of Fisheries, the
Department of Meteorology, the Bangladesh Agricultural Development Corporation (BADC),
the Department of Marketing (DAM) and the DAE. They also include some land and soil
related information generated in SRDI. BBS publishes report every year.
The shifting rate of agricultural land to non agricultural use is said to be about 1% per year
(South Asian Human Resources Development Report, 2003 by UNDP), which is alarming in
respect to the total crop production in Bangladesh (Rahman and Hasan, 2003). This number
rate of change however does not seem to have a sound scientific basis. In fact, if this
number were correct, at least one quarter of the country’s agricultural land would have
been lost since independence.
SRDI estimates land transfer from agriculture to non-agriculture sector using aerial
photographs and Land sat imageries and has estimated approximately a 0.13% change per
year during the period 1963 to 1983 (Rahman & Hasan, Assessment of shifting of
agricultural land to non-agricultural land in Bangladesh, SRDI, 2003). It is likely that the
shifting rate will have been much faster during the 2000s till date, because of faster
economic growth and the infrastructure development implied.
But according to BBS (Table-1) decline of agricultural land is about 0.383% annually from
1980-81 to 2006-07 (27 years average), 0.75% annually from 1983-84 to 1993-94 (10 years
average) and 0.40% annually from 1993-94 to 2003-04(10 years average).
Using various sources including BBS, Rahman (2010) estimated the overall land area
increased by 4% from 1948 to 2006, due to reclamation of char lands and the cultivable land
recorded an overall decline of 0.1% annually, assuming transfer to housing, road and
industrial infrastructures. Center for Environmental and Geographic Information Service
(CEGIS) reported that during 1973 to 2008, total land eroded along Jamuna, Ganges and
Padma rivers is about 156,780 hectares and on the other hand accreted about 45,520
hectares (CEGIS, 2008).
As the world’s population increases and the global food supply-demand balance may
become less stable. Food production systems are now an important policy issue as a subject
of intense research. It is not assured that Bangladesh can keep an adequate and continuous
supply of food at an affordable price under the influence of global climate change, local
food production situation and changing global food supply-demand balance. Careful
assessment of the changing agricultural system and environment is an essential first step to
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understanding current and future food security issues of Bangladesh. Bangladesh should
collect its own intelligence about agricultural systems to develop a comprehensive strategy
in order to ensure secure food supplies and maintain peace and stability.
The cost for inventory, monitoring and updating of land use in the conventional way
through a field survey is very high, so the method cannot be implemented in a relatively
short time. Remote sensing technology that records periodically the earth surface can be
used as an alternative to support of field research mainly to gauge the changes in land use,
including the planting period in the paddy field. Hence, coverage of satellite data provides
information of agricultural land condition even in remote areas.
For a sustainable crop production to ensure food security, land use planning (LUP) approach
requires more and more data integration, multi-disciplinary and complex analysis, and need
faster or more precise information. Data on the trends in the availability of agricultural land
is most important requirement for any land use planning related to agriculture and food
security. Geographic information system (GIS), which is strong capacity in data integration
and analysis and visualization, become the main tool to support LUP approaches.
This research aims to for detecting changes in agricultural activity and environment using
remote sensing technology. More specifically, the research objectives are to:
a) Quantify how the availability of agricultural land has evolved since independence;
b) Quantify how the availability and allocation of the total land to the various uses has
evolved at national and sub-national levels since independence; and
c) Quantify land lost and gained due to various factors.
Landsat imagery will be analyzed for monitoring the agriculture and non-agriculture land
relocation patterns including erosion-accretion, salinization, deforestation-afforestation,
settlement and other development activities since independence in order to reveal the
spatial-temporal changes in agricultural activity. Such new research findings on the
agricultural land-use change will help us to understand the up-to-date information about
the potential agriculture. Use of remote sensing technology is expected to give more correct
information and have contributed in planning of agricultural land, and more qualified
agricultural development policies. Landsat MSS (acquired during 1970s) and Landsat TM
imagery (acquired 2000s &2010s) were provided by the NASA-USGS Earth Explorer Data
Pool. A total of 16 scenes from path 135-139 and row 42-46 covered the entire Bangladesh
will be analyzed digitally.
In addition, Time series aerial photograph of different location will be collected and
analyzed through high configuration stereoscope and prepare thematic maps to understand
shifting of agricultural land to non-agricultural use. The final report will include maps,
graphs, tables and text.
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2. Key outputs and research questions
The research questions are as follows:
a) What was the total area of agriculture land with geospatial distribution in
Bangladesh during 1970s?
b) What was the total area of agriculture land with geospatial distribution in
Bangladesh during 2000s?
c) What is the existing agriculture land area in Bangladesh with geospatial distribution
i.e. 2010s?
d) What was the allocation of the total land to various uses at national and subnational level in Bangladesh during 1970s?
e) What was the allocation of the total land to various uses at national and subnational level in Bangladesh during 2000s?
f) What is the existing allocation of the total land to various uses at national and subnational level in Bangladesh i.e. 2010s?
g) What are the trends of land use change between agriculture and non-agriculture
practices over time (1970-2010)?
h) How much land is gained or lost due to various factors like erosion, accretion etc.
i) How the research outputs contribute in policy making?
The expected outputs are as follows:
The expected outputs will be in the form of digital maps of classified satellite image in GIS
context with ground truthing and cross-tabulation validation. The GIS-based maps will
contain all the user-friendly required information such as legend, direction and scale. All the
maps will be interpreted using simple and understandable language for wider acceptance to
the policy makers, extension managers and researchers. In addition, statistical tables and
graphs will also be generated using Microsoft Excel and/or SPSS software. The integration of
map, graph, table and text will be the innovation of the interdisciplinary research team from
the recognized universities and research organization of Bangladesh.
(i) Land cover maps
• Digital maps of total land area of Bangladesh over time
• Digital maps of urban and rural settlements, roads, industrial land and other
non-agricultural lands over time
• Digital maps of cultivated, cultivable waste and current fallow land (in cluster)
over time
• Digital maps of forest lands (classified as reserve forest, acquired forest, vested
forest, protected forest, unclassified forest) over time
• Digital maps of baors, ponds and shrimp farms for inland culture fisheries over
time
• Digital maps of river and estuarine, Sundarbans, beels, Kaptai lake & flood lands
over time
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(ii) Changes in land cover
• Trends of land area transferred between agricultural land and non-agricultural
lands over times
• Trends of land area transferred between different categories of agricultural land
and non-agricultural lands
(iii) Land lost/gained
• Land area lost due to river erosion, sea level rise, water logging
• Land area reclaimed from river and sea beds through siltation/sedimentation
(iv) Sustainable land use
• Identification of most important causes of land loss from agriculture and
potential land areas those should keep for agriculture
Landsat Multispectral Scanner (MSS) satellite scenes of Bangladesh acquired during 1970s
with hybrid unsupervised-supervised classifications and subsequent ground truthing will
answer the first question. Moreover, literature reviews, field visits and stakeholder
consultations will also contribute in the answer of the same question. Landsat Thematic
Mapper (TM) satellite scenes of Bangladesh acquired during 2000s and 2010s with hybrid
unsupervised-supervised classifications, interpretation of time series aerial photograph of
some selected and randomized location and subsequent ground truthing will answer the
second and third question. Digital overlaying of the satellite imagery results of 1970s, 2000s
and 2010s will answer the fourth, fifth and sixth question. Different types of statistical
analysis (using MS Excel and/or SPSS) of the satellite imagery results will answer the
seventh question. Stakeholder consultations, lessons learned from the literatures,
professional judgment of the research team and suggestions of the TAT along with satellite
image analysis will contribute to answer the eighth and ninth questions.
3. Literature review
Land use survey started in Bangladesh practically in 1962 by the than Soil Survey Project of
Pakistan (present SRDI) through Reconnaissance Soil Survey (RSS) of the than East Pakistan,
now Bangladesh. This survey is based on the interpretation of aerial photograph and field
survey. In this survey output map was 1:125000, so boundary line could not be drawn
between different land uses. SRDI produces Land Use Map for each surveyed area and
incorporated in RSS reports. SRDI published 34 volumes of RSS reports during 1962 to 1975
for the whole country except Sundarban and reserve forest of Chittagong Hill Tracts. Based
on this reports SRDI produced first national Land Use Map in 1975 with major thrust on
agriculture.
SRDI started semi-detailed soil survey at upazila level and produced Land and Soil map in
the scale of 1:50,000, where homestead, urban, river, water bodies, major communication
network is shown. In 1996 SRDI prepared second Land Use Map based on RSS finding and
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semi-detailed soil survey findings. Land Use Map by SRDI in 1996 revealed that about 78.3
percent (1, 15, 54,731 hectares) of total land was under agriculture and only 7.1 percent
under miscellaneous use including urban, river and water bodies. Upland forest covers
about 10.8 percent and mangrove forests both natural and planted mangroves covers 3.4
percent of the country (Land Use Map, 1996, SRDI).
SRDI published third Land Use Map in 2004 which is totally based on semi-detailed soil
survey output (Land Use Map, 2004, SRDI).
Recent information shows that at present total forest land is about 2.52 million hectares
and 17.08 percent of Bangladesh and out of these 1.52 million hectares includes reserved,
protected, acquired and mangrove forest on the newly accreted land in estuaries of major
rivers and managed by Forest Department. The remaining 0.73 million hectares of land
designated as un-classed state forest (USF) and are under control of Ministry of Land.
Village forest (homestead land) form most productive tree resources base in the country
and accounts for 0.27 million hectares. Among the Forest Department managed forest, hill
forest, natural mangrove forest, mangrove plantation and plain land sal forest occupies
0.67, 0.60, 0.13, and 0.12 million hectares respectively (Department of Forest, 2012).
Bangladesh is a land scarce country where per capita cultivated land is only 12.5 decimals
(Quasem,2012). The shifting rate of agricultural land to non agricultural use is said to be
about 1% per year (South Asian Human Resources Development Report, 2003 by UNDP) or
over 80 thousand hectares per year (Planning Commission, 2009). BIDS conducted a study
to estimate annual conversion of agricultural land to non-agriculture and consequent loss of
crop production during the eight year period of 2001 to 2008. They carried out the survey in
24 villages in all six administrative divisions of the country (four villages from each division).
Through this study BIDS estimated annual conversion of agricultural land to non-agricultural
use is to be 0.56 percent and the country’s loss of rice production is also estimated to be
between 0.86 to 1.16 percent (Quasem 2012).
Another case study carried out in 2004 by Directorate of Land Records and Survey (DLRS) of
Ministry of Land in Palash Upazila of Narsingdhi district and Sonargaon of Narayanganj
district, observed a substantial decline in the share of agricultural land to the extent of 27
percent in Palash and 16 percent in Sonargaon during 20 and 25 years respectively (19832003; 1978-2003) i.e. more thant one percent per year (Quasem 2012). The recently
completed report on Agriculture Sample Survey of Bangladesh-2005 by Bangladesh Bureau
of Statistics (BBS) does not, however, shows such high rate of decline of cultivated land.
Total cultivated land of all holdings in rural Bangladesh was 7.19 million hectares or 17.77
million acres in 1996 and in 2005 it was 17.73 million acres or 7.17 million hectares, which
is almost the same as in 1996 i.e. before nine years (Quasem 2012).
Land and water resources: Land is the basic natural resource that provides habitat and
sustenance for living organisms, as well as being a major focus of economic and livelihood
activities. In Bangladesh, agriculture shares nearly 20 percent of the GDP and 65 percent of
the labor force (World Bank, 2009). It has been reported that because of food demand of
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the over growing population, a remarkable change in land and water use has been observed
after green revolution (Rahman, 2010). It is estimated that it would be quite difficult to feed
the projected increasing population without appropriate management of natural resources.
With the increasing population, the agricultural land is being converted to other uses such
as housing, roads and urban development, and this trend is expected to continue. Some of
the statistics provide an alarming picture (i) Some 220 ha of arable land is being lost daily to
uses such as road construction, industry, houses, etc. (Islam et al., 2004), (ii) At least 86,000
ha of land was lost to river/estuarine erosion between 1973 and 2000 (MES, 2001), (iii)
Some 70% of the land of Barisal and Khulna divisions is affected by different degrees of
salinity, which reduces agricultural productivity (Rahman and Ahsan, 2001) and (iv) Some
50% of the coastal lands face different degrees of inundation, thus limiting their effective
use. This situation is expected to worsen further because of the effects of climate change.
However, a national Agro-Ecological Zone (AEZ) database was successfully developed during
1980-1987 in Bangladesh. The database contains information on the country's land
resources including physiography, soils, climate, hydrology, cropping systems, and crop
suitability. The database has been used to generate readily accessible information on the
physical land resources of the country. The available land, water and soil resources have
also been identified through semi-detailed survey in Bangladesh.
AEZ-GIS Data-base System: In Bangladesh, aerial photography as Remote sensing tools was
first widely used in Reconnaissance Soil Survey (RSS) during 1964 to 1975. A total 33 RSS
reports and maps of the soil, land and land capability of greater districts of the country have
been published. By interpreting and compiling the information of the RSS reports, land
capability, soil suitability and crop suitability assessment of the regional and national levels
were done to plan and develop the agriculture of the country. Later on, using information
on land topography and soil from RSS, hydrological information from Water Development
Board, and climatic parameters from Meteorological Department, national Agroecological
Zones (AEZ)-GIS database system has been developed (BARC, 2010). Using the information,
the whole country has been divided into 30 different AEZs and 88 sub-zones. Later on,
based on the information of RSS reports, SRDI conducted a semi detailed soil survey using 1:
50,000 scale aerial photographs at Thana/Upazila) level to generate detail information on
land and soil resources for local/micro level agriculture planning and development. From
this survey, 459 Thana/Upazila Nirdeshika were prepared during 1984 to 2002, and later on
13 Upazila Nirdeshika were upgraded during 2003 to 2004 (SRDI, 2005). The soil and land
resources information provided in the Nirdeshika are being extensively used by the
extension agents as support service of the farmers for land use and crop production.
Production land resource information maps: The GIS unit of Soil Resource Development
Institute (SRDI) analyzed land and soil resources data using GIS technology for production of
digitized maps as per requirement of the stakeholders. BARC and CEGIS are digitizing maps
for various uses based on the LRI information using GIS technology. For this purpose,
various cartographic base maps produced by SRDI were linked to the LRI database to
produce national level crop suitability map, land inundation map, land use map, nutrient
deficiency map, flood prone map, drought area map etc. SRDI has already produced 44
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different types of maps relating to soil nutrient status, soil fertility and salinity levels, land
use, land suitability etc. using GIS technology. However, having advantages of recent RS
technology, both SRDI and CEGIS are giving services to the stakeholders by producing
relevant maps and information using satellite images.
Land use planning
For a sustainable land use plan, nowadays, land use planning (LUP) approach requires more
and more data integration, multi-disciplinary and complex analysis, and need faster or more
precise information for the participants in the LUP approaches. GIS, which is strong capacity
in data integration and analysis and visualization, become the main tool to support LUP
approaches. Many studies employed remotely sensed data to build up thematic maps
(Kapetsky and Nath, 1997; Salam et al., 2003, Hossain et al., 2007a), transforming
aquaculture site allocation into an extension of land-use planning and a useful tool for
decision-making. GIS application has been mainly limited to terrestrial environments, where
natural-history-mapped information is readily available and remote sensors provide
updated or even real-time data, which are easily and rapidly ground tested. Remote sensing
image was used to find out the extent, condition, location, and spatial and temporal
changes of coastal shrimp farming along the Bangladesh coast. It was reported that, 3380
hectares of shrimp and fish farms and 4359 hectares of mangrove forest in the Chackria
upazila of Cox’s Bazar district. Among the shrimp farming areas, 2555 hectares were
identified in the mangrove forest of Chackria Sunderban, which were created by removal of
mangrove forest. But in the Moheshkhali upazila only 533 hectares of shrimp and fish farms
and 2586 hectares of mangrove forest were identified. Forest Department planted most of
these mangrove forests. On the other hand, 5612 hectares and 6613 hectares of salt belts
were identified in Chackria and Moheshkhali Upazilas respectively (Shahid et al., 1992).
Remote sensing images, aerial photographs, topo sheets, salinity data and tidal data were
used to assess the shrimp/fish farms, salt pans and mangrove forest area of Chackria and
Moheshkhali Upazilas of Cox’s Bazar coast (Shahid and Pramanik, 1986). Mangrove changed
from a total coverage of 7500 hectares in 1975 to a total of just over 400 hectares in 1988
by shrimp pond development (Alam et al., 1990).
Land cover/land use
Many existing information systems are mixing land cover and land use, which are two
different dimensions. Land cover is frequently utilized for describing natural vegetation,
while land use is used for agricultural and urban areas. However, distinction between land
cover and land use is fundamental though often ignored or forgotten. Confusion and
ambiguity between these two terms lead to practical problems, particularly when data from
the two different dimensions need to be matched, compared and/or combined. The
scientific research community called for substantive study of land-use and land-cover
changes during the 1972 Stockholm Conference on the Human Environment, and again 20
years later at the 1992 United Nations Conference on Environment and Development
(UNCED). In the past decade, a major international initiative to study land-use and landcover change (LUCC), the LUCC Project, has gained great momentum in its efforts to
understand driving forces of land-use change, develop diagnostic models of land-cover
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change, and produce regionally and globally integrated models (Lambin et al. 1999, Geist
2002).
Land cover of Bangladesh
Bangladesh is one among the highly populated countries in the world with population
density of 2,910 /m2. Population dynamics is a major driver in bringing the land cover
change as land based resources gets exploited to meet the supply to sustain the livelihood
and accommodate developmental activities. Land cover also play important role in
interaction between atmospheres with land as land cover is interface for the interaction.
Land cover is one of the important variables in the global climate modeling. Land cover is
the physical material at the surface of the earth. For planning and informed decision
making land cover is very important. Knowledge based image classifications are new
technique for image classifications and it has give good results (Hossain et al., 2010). This
paper demonstrated Knowledge based image classifications using Landsat ETM+ and MSS
imagery as a useful technique for classification. This provided a broad view (8 principal
classes) of land cover change over the whole country between two specific times (19772000) and gives an immediate measure of the nature, extent and rates of change (Uddin
and Gurung, 2010).
Natural land cover is changed by use of man in meeting cultivation, homestead or other
demands. Physiographically Bangladesh may be divided into three major units: hills of the
north, northeast and southeast covering about 12 percent of the total area; Pleistocene
terraces stretching over only 8 percent area and floodplains accounting for 80 percent of
the total area (Banglapedia 2012). In Bangladesh almost one-third of the land (29%) is
classed as Highland and therefore is above normal annual inundation. Slightly lower land,
known as the Higher Medium Highland or MH-1, occupies over one-tenth (11.5%) of the
land surface. These lands are inundated to a depth of 30 cm, mainly due to the paddy field
bunds (ails) and therefore it is largely a human-induced inundation. The next lower level is
known as Lower Medium Highland or MH-2, where normal inundation is between 30 and 90
cm and is largely due to improper drainage of local rainfall. Of the total area 23.2% is
classed as MH-2. Medium Lowland forms 12% of the total area and is inundated between
90 cm and 120 cm, mainly by rivers which flow through these lowlands and normally rise
above bank-level every wet season. Lands inundated between 180 cm and 300 cm is known
as Lowland and such land occupies 7.6% of the total area. Even lower land with inundation
depths in excess of 300 cm forms 1.4% of the total area of the country. The remaining
15.3% of the land area is either water bodies or urban and rural settlements. This area is
increasing because of continuous urban growth (Banglapedia, 2012).
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Landsat satellite image
Remote sensing is any technique for measuring, observing or monitoring a process or object
without physically touching the object under observation (Figure 1). Remote sensing
techniques measure the interaction of the Earth's surface (or at most the upper few meters)
with electromagnetic energy from the sun and therefore are inherently a form of
geographic information. Remote sensing sensors record the relative brightness of an area
over specific portions of the electromagnetic spectrum. All sensors have spectral sensitivity
limitations; this is referred to as spectral resolution. Recorded wavelengths are referred to
as bands. The number of bands varies depending on the sensor system. The final product in

Figure 1. Data collection by remote sensing
remote sensing is an image of the Earth's surface which we can visualize and interpret as if
it were as picture. Thus, many of the terms and concepts (e.g., brightness, contrast, color,
intensity) are familiar, and we have a physical intuition for their meaning (Lillisand and
Kiefer 2004). The multispectral channels of the Landsat MSS, TM and Landsat ETM+ sensors
possess a ground spatial resolution of 30 X 30 meters (98.4 X 98.4 feet).
Integration of Remote Sensing and GIS techniques
Remote sensing integrated with GIS can play a major role in sustainable shrimp culture
development by providing information on land use/land cover, water quality, productivity,
tidal influence and coastal infrastructure. These tools help to maintain the sustainability of
shrimp culture through proper site selection by considering the impact of the development
on other land use activities like agriculture, protected areas like sanctuaries, human uses,
etc. that are part of the same ecosystem. The use of remote sensing and GIS in aquaculture,
together with selected cases, has previously been documented (Meaden and Kapetsky,
1991; Ross, 1998; Nath et al., 2000). In India, work on aquaculture site selection using GIS
were carried out by Gupta (1995) and Ramesh and Rajkumar (1996). Vadlapudi (1996)
conducted a study on identification and quantification of changes in mangrove forest using
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remote sensing and GIS in the Godavari delta. Scott and Ross (1999) conducted a study on
GIS-based environmental modeling for management of coastal aquaculture and natural
resources in Sepetiba, Brazil. In this study Landsat TM imagery was used coupled with
ground information on land use and water quality parameters to allow the construction of a
GIS database from which management strategies were proposed.
Ceballos-Silva and Lopez-Blanco (2003) mentioned that available remote sensing data were
crucial in order to obtain land use/cover information in a precise and relatively fast way.
Image processing, by means of the supervised classification approach and the maximum
likelihood algorithm, ensured that an acceptable percentage of the classified pixels were
correctly classified. This investigation provides information at a regional level that could be
used by local farmers to select their crop pattern. In addition, we know that decisionmaking process to select adequate crop patterns could be based not only on the
information provided by this MCE, but also on other issues such as: production supports,
marketing, technological level, economic evaluation, in addition to local cultural traditions,
which are highly important also.
Aerial photographs taken in 1975, 1981 and 1983 were used to identify shrimp farms and
mangrove areas in Chakaria Sunderbans (Quader, 1986). Shahid et al. (1992) used data from
black and white aerial photographs (1974-75), infrared color aerial photographs (1983-84),
Landsat MSS (1984) and Landsat TM (1987-88) to locate and measure the existing coastal
shrimp farming areas. Islam et al. (1997) used Landsat TM for change detection in the
Sunderbans mangrove forest of Bangladesh. Hossain et al. (2001) used Landsat TM image
and thematic information to select the most suitable areas for sustainable shrimp farm
development. They opined that zoning of land and water for shrimp farm development help
in controlling environmental deterioration at shrimp farm and also in avoiding adverse
social and environmental interactions. Hossain et al. (2003a) and Hossain et al. (2003b)
studied to identify and to locate suitable areas for saltpan development and mangrove
afforestation respectively at Cox’s Bazar coast. Similar observations were made by
Vibulsresth et al. (1993), Venkataratnam et al. (1997), and Alam et al. (1990).
Arnold et al. (2000) carried out a study on GIS based approach for identifying appropriate
sites for hard clam culture in Florida. They concluded that the application of GIS provides an
effective methodology for identifying and quantifying areas of potential conflict, thereby
removing much of the uncertainty involved in the lease-site selection process while
providing a quantitative and objective means of planning the growth of the hard clam
aquaculture industry. Salam and Ross (2000) conducted a study on optimizing site selection
for the development of shrimp and mud crab culture in southwestern Bangladesh using
remote sensing and GIS. Landsat TM image of 1996 of southwestern Bangladesh was used
as primary data source. AGIS database was built up while incorporating environmental
layers such as water bodies, rivers, soils, land use, water temperature, rainfall, salinity and
pH. A series of biological models were developed based on biological databases for key
species, current farming systems and practice. The most suitable sites for shrimp culture
and crab farming in the area were identified. They found out that GIS modeling associated
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with remote sensing have great potential for informed decision-making in aquatic
production systems. In this study implications for use of these systems to reduce land use
conflicts were used.
Tripathi et al. (2000) conducted a study on the role of remote sensing in environmental
impact analysis of shrimp farming on Ranong area of Thailand. They investigated the
environmental impact of shrimp farming on land use pattern, surface water bodies, marine
waters, mangrove forests and agricultural land using satellite data. Active and abandoned
shrimp farms were also located using different false color composites. Patil et al. (2002)
conducted a study on comparison of conventional and geo-spatial EIA techniques using
pollution from shrimp farming. They concluded that the geo-spatial EIA technique using GIS
and remote sensing offers a better option to evaluate the impact on both spatial and
temporal variability.
Hossain et al. (2003c) conducted a study on monitoring shrimp farming development from
the space: an RS and GIS approach in Kandleru creek area, Andhra Pradesh, India. The study
encompasses an area of 256.64 km2 that covers the major part of Kandleru creek area
where the dramatic changes of land use or land cover can be found along with
mushrooming of shrimp farms. This study verified the development of shrimp farming area
noticed from 1988 to 2001 using LISS-II, LISS-III and PAN image interpretation. The
mushrooming of shrimp farms has occurred by clearing mangroves in many places around
the creek. The results of this study revealed an uncontrolled and unplanned growth of
shrimp farms in the study area. It may have helped to boost the economy of rural people
but some environmental problems, which are already apparent, must be addressed for
sustainable growth of the shrimp industry.
Jayanthi and Rekha (2004) conducted a study in the Krishna district of Andhra Pradesh, India
for identifying the potential brackish water area through remote sensing and GIS. According
to this study, the brackish water area developed in this district is 28,205 ha. They concluded
that remote sensing along with GIS could be an integral part of successful management
because it has the facility for regular updating with time series information based on the
well-defined user interface and appropriate provision for varying nature of data in the
system design.
Quader et al. (2004) conducted a study on suitable site selection of shrimp farming in the
coastal areas of Bangladesh using remote sensing techniques. The study comprises of: (i)
construction of GIS based fisheries environmental database (GISFED); (ii) selection,
adaptation and test of GIS based Suitable Shrimp farming Site Selection model (shortly 4s
model); (iii) practical implementation of 4s model; (vi) application of shrimp suitability
model and analysis of model generated output; (v) socio-economic characterization of the
study sites and analysis of the trend of shrimp culture development; (vi) analysis of
environmental impacts of shrimp culture expansion and risk due to climatic events. The
study concluded that tropical countries can use this model for allocating suitable site for
shrimp farming by their government for allocating shrimp farms in the coastal areas. Tong
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et al. (2004) conducted a study on assessment of the impact of shrimp aquaculture in the
Mekong delta in Vietnam. They used spot scenes for the identification of mangrove types
and for the delineation of landscape units. According to the study, there was depletion of
mangrove ecosystem of about 32% of the initial average in 1965 in the Mekong delta.
Giap et al. (2005) conducted a study on land evaluation for shrimp farming in Haiphong of
Vietnam. This study was conducted to identify appropriate sites for shrimp farming
development in the study area using geographical information systems (GIS). Thirteen base
layers (thematic maps) were grouped into four main land use requisites for aquaculture,
namely, (1) potential for pond construction (slope, land use type, soil thickness, elevation),
(2) soil quality (soil type, soil texture, soil pH), (3) water availability (distance to sea or water
source) and (4) infrastructure and socio-economical status (population density, distance to
roads, local markets, and hatcheries). A constraint layer was used to exclude areas from
suitability maps that were not allowed shrimp farming to be implemented. A series of GIS
models was developed to identify and prioritize the most suitable areas for shrimp farming.
This study showed that the land evaluation model was useful for identifying suitable areas
for shrimp farming and for allocating land for efficient income generation, effective
conservation, and sustain-able land management. It was estimated that about 31% (2604
ha) of the total land area (8281 ha) in Haiphong was highly suitable for shrimp farming.
Buitrago et al. (2005) conducted a study on a single-use site selection technique, using GIS,
for aquaculture planning in Margarita Island in Venezuela. The major objective of the study
was to identify optimum sites for mangrove oyster raft culture based on multi-criteria
evaluation (MCE) using GIS. Twenty variables were grouped in criteria based on the way
they influence the project. Thirty-five experts were asked to evaluate the factors and to
score each according to their suitability weight. The study concluded that higher scores
were reached in 13 areas covering 4.1 km2, those places having the optimum conditions for
oyster raft culture in the region.
Karthik et al. (2005) conducted a study on brackish water site selection in Palghar taluk of
Thane district of Maharashtra, India, using remote sensing and GIS. This study
demonstrated the potential use of remote sensing, GIS and GPS for aquaculture site
selection and planning. The main focus of the study was to identify the potential area for
the commencement of sustainable shrimp farming with the help of remote sensing and GIS.
Analysis of IRS LISS III data, engineering parameters, soil quality, water quality,
infrastructure facilities, meteorological data and social restriction with the help of GIS
techniques resulted in a map showing the suitable areas for the improved method of shrimp
farming. The weighted overlay method was adopted in GIS to delineate the potential area
into four major categories as highly suitable, suitable, moder-ately suitable and unsuitable.
The study revealed that out of the total study area, 0.377% is highly suitable, 9.873% is
suitable, 1.772% is moderately suitable, 85.02% is unsuitable and 2.951% is already under
aqua farms.
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GIS and remote sensing can be utilized for integration of various datasets to obtain
homogenous composite land development units, which help in identifying the problem
areas and suggest conservation measures. GIS can support an adaptive, real time planning
and management approach through regular updating with time series information based on
the well-defined user interfaces.
Participatory approach (top-down and bottom-up)
PRA is a group of approaches and methods to allow rural people to contribute, improve,
and evaluate their understanding of life and situation (GTZ, 2002). Pido and Chua (1992),
Hossain et al., (2004b) used the technique to analyze the environmental and socioeconomic condition of a coastal area. They employed such activities as informal stakeholder
meetings and workshops, field survey, and community integration. A successful decisionmaking is almost unattainable in the absence of a good knowledge base or information. The
required information for resource management decision-making can usually be gathered
from the local community than from the government agencies. A brilliant way of collecting
information from the community is through the use of participatory approach (Das and
Hossain, 2005). FAO (2001) conveyed two things that are necessary for any knowledge base,
firstly that the information meets the needs of the stakeholders, and that the stakeholders
are capable of using it for their benefit; and secondly that the stakeholders are capable of
using it for their benefit. The technique has enabled the research team to understand the
local situation and has given the local people the opportunity to analyze their situation
(Gallardo et al., 1995).
The three coverage’s for institutional mapping come from introductory social science texts
that typically differentiate the basic economic, social, and ideological dimensions of human
societies. These dimensions represent the focal areas of social analysis. Nearly all
introductory texts begin with a
discussion of the physical setting
and economy derived from it.
Next chapters describe the social
system
including
kinship,
marriage, family, associations and
interest groups, and social and
political order. The latter chapters
go into the ideological dimensions
of core cultural values, can be
thought of as three interacting
coverage’s for the description of
society (Figure 2).
The concept of a simultaneous
top-down (national level) and
bottom-up (local levels) has been
“national policy setting and

Figure 2. Schematic of the institutional mapping layers for
social space. The economic, social, and cultural layers
(Smith et al., 1995) are represented by functional and spatial
scale,16
power for authority and control, and financial and
political capital.

sectoral harmonization with local implementation” e.g., the national government, with the
advice of local governments and coastal users’ groups, would formulate the broad coastal
policies and goals for the nation by means of legislation, and local governments would
develop plans for their coastal zones that are consistent with and incorporate the national
coastal policies. Local governments would then operate regulatory systems (permit, etc.)
consistent with their local coastal plans. The national government could also hear appeals
of coastal permit decisions made by the local government. In addition, and very important,
the national government could establish a mechanism to ensure that the programs of its
various ministries and departments are also harmonized with the agreed national coastal
policies and goals.
The process of bringing together separate components is a functional whole that involves
coordination of interventions. This integration may take place at three different levels viz.
system, functional and policy. Systems integration refers to the physical, social and
economic linkages of land and water uses and ensures that all relevant interactions and
issues are considered. Functional integration ensures that programs and projects are
consistent with fisheries management goals and objectives; and policy integration ensures
that management actions are consistent with other development and policy initiates.
Vertical integration refers to integration between local level and national or international
activities and policies. Horizontal integration refers to integration between different sectors
(such as fisheries and forestry) (Figure 3).
HORIZONTAL PARTICIPATION
(Breadth of participation across interest groups)
Communities in
Government
Academia
Sectors
specific regions

VERTICAL PARTICIPATION
(Depth of involvement)

National

Provincial

NATIONAL STRATEGIES

Meso level links needed between national and local
Local

Households

LOCAL PARTICIPATORY PROJECTS
AND STRATEGIES

Marginal
groups

Figure 3. National and local participation experience showing horizontal and vertical
integration (source: Bass et al. 1995; Hossain et al. 2007).
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Sustainable development
The evolution of the concept of sustainable development can be traced back to 1971 expert
meeting in Founex, Switzerland, which initiated the preparation for Stockholm Conference
in 1980 on World Conservation Strategy. It was concluded in the conference that
sustainable development must take social and ecological factors in addition to economic
factors into account when exploiting the living and non-living resources base and also
should consider the long term and short term advantages and disadvantages (Malanczuk,
1995). The concept of sustainability came into prominence with the publication of the
World Commission on Environment and Development (WCED) report called Our Common
Future (WCED, 1987). The message was “it is possible to achieve a path of economic
development for the global economy which meets the needs of the present generation
without compromising the chances of future generations to meet their own needs”.
Recognize need for
Sustainable Management
Discovery

Evaluate
Resources/Uses

Death of system
Decline

Exploitation

Monitor and
Review

Implement
System

Over harvest

Traditional Development Pattern

Develop/Refine
Management System

Sustainable Development Pattern

Figure 4. Sustainable and unsustainable approaches to coastal resource use (Dutton and
Hotta, 1994).
A central precept of sustainability, to quote Pearce (1989), is that sustainable development
leaves ‘future generations a wealth inheritance – a stock of knowledge and understanding,
a stock of technology, a stock of man-made capital, and a stock of environmental assets –
no less than that inherited by the current generation’. Young (1992) recognizes a number of
themes underlying the sustainability concept, summarized by 3Es; environmental integrity,
economic efficiency and equity (for present and future generations).
Though precise definitions of sustainability may be rather elusive, it is clearly not a set of
prescriptive actions; rather it is the basis for a fundamental reassessment of the way in
which resource, environment, social and equity issues are considered in decision making.
The profoundness of its implications has caused sustainability to be compared with such
basic societal values as freedom, justice and democracy (Buckingham-Halfield and Evans,
1996a). Seen in this light, sustainability becomes a 'way of thinking', helping to modify the
context to which it is applied (Turner, 1991). Thus, sustainability principles can highlight
unsustainable systems and resource management practices. The tests of sustainability
having been applied and unsustainable practices revealed, the way opens for new,
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sustainable management approaches to coastal area management to be devised and
adopted (Figure 4).

4. Methodology and data sources
The study has been conducted through (i) digital interpretation of satellite imagery (ii)
secondary information and (iii) ground thruthing in selected locations of Bangladesh. A total
of 16 scenes of Landsat MSS and TM/ETM imagery from path 135-139 and row 42-46
covered the entire Bangladesh have been analyzed digitally (Figure 5). The detail
methodology is presented in Figure 6.
Digital interpretation of satellite image
Space-borne satellite imagery (Landsat,
MSS/TM/ETM) available between 1976,
2000 and 2010 is being used to identify
the types of land available in different
locations of the country and quantify the
changes with geographical distribution of
arable agricultural land. More specifically,
satellite imagery are digitally interpreted
with unsupervised1 and supervised2
classification to quantify total land area of
the country with the classification of
agricultural and non-agricultural lands as
well as measure the changes of
agricultural land to other land use
patterns since independence. Moreover,
land lost due to river erosion, salinity
intrusion and water logging areas are
Figure 5. Path and row map of Landsat
satellite over Bangladesh by NASA
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1 use information from the image itself to identify spectral clusters, which are interpreted as classes
2 On the basis of Region of Interest (ROIs), where the training areas (collect during field investigation) are
regions of terrain with known properties or characteristics

DIGITAL INTERPRETATION OF SATELLITE IMAGES
SATELLITE IMAGES (Landsat 1970s - 2010s)
Unsupervised Classification

Supervised Classification

• Statistical clustering of land cover
types on the basis of spectral
reflectance
• Separate land cover types into
different classes
• Some land classes remain mixed

• Incorporation of human knowledge on the
land cover types for increasing accuracy
and precision
• Select ROIs from known land cover types
• Several ROIs from each land cover type

Machine Intelligence

Machine + Human Intelligence

POST CLASSIFICATION
•
•
•
•
•
•

Class combination
Class clumping
Class generalization
Fine tuning of land cover classes
Export classes to vector (Raster to vector)
Prepare mapping format (shape file)

GIS ANALYSIS
Ground
truthing

•
•
•
•
•
•

Error correction
Removal artifacts
Combine tiles (16 scenes)
Class overlay and mapping
Generate area with statistics
Cartography & map outputs

Cross
tabulation
statistics

OUTPUTS

TRENDS OF AGRICULTURE LAND AVAILABILITY (1970s-2010s)

Figure 6. Digital interpretation of satellite image for agriculture land availability
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determined with geo-referenced maps, where land reclaimed from river and coastal
sedimentation (e.g. char lands) are also be mapped and measured. Qualitative and
quantitative surveys as well as satellite imagery and GIS techniques are used for interlinking
spatial and relevant data to get the outputs. Remote sensing image analysis is going on
using ENVI (version 4.3) developed by Research Systems, Inc, USA. ArcGIS software (version
9.3) developed by Environmental Systems Research Institute, USA applies to digitize and
analyze all the classified and other necessary maps.
Time series aerial photographs for some selected and randomized location of the country
are being analyzed using high configuration stereoscope to determine the change in
agricultural land to non-agricultural use.
Secondary information
The relevant secondary data to be used available is the Reconnaissance Soil Survey Report
(RSS), the Semi Detailed Soil Survey (end product as Upazila/Thana Nirdeshika or Land and
Soil Resources Utilization Guide), Detailed Soil Survey Reports and various land capability
and land use maps and reports produced by SRDI. The Handbook of Agricultural Statistics of
Bangladesh and the Yearbook of Agricultural Statistics of Bangladesh which reports land
area uses over time published by the Bangladesh Bureau of Statistics (BBS) are being used in
the study. Besides, other relevant data sources i.e. Bangladesh Water Development Board
(BWDB), Water Resources Planning Organization (WARPO), Bangladesh Inland Water
Transport Authority (BIWTA), Bangladesh Meteorological Department (BMD), Space
Research and Remote Sensing Organization (SPRRSO), Centre for Environmental and
Geographic Information Services (CEGIS) and different universities have been used for the
satellite image classification.
Ground truthing of satellite image analysis
The land cover change database created from the digital interpretation of satellite imagery
and manual interpretation of aerial photographs are being verified through ground survey
in the randomly selected sites with the help of 20 Field Offices of Soil Resources
Development Institute (SRDI). The relevant secondary data collected from various sources
are also useful for triangulation of the satellite image classification.
Cross-tabulation for error matrix analysis
The classification error matrix for the Landsat TM image will conduct to quantify the
incorrectly classified sites, based on field verification sites. The Kappa Index of Agreement
(KIA) will be generated to determine the degree of agreement between the two outputs. Its
values range from -1 to +1 after adjustment for chance agreement. A value of 1 indicates
that the two outputs are in perfect agreement (no change has occurred), whereas if the two
outputs are completely different from one another, then the Kappa value is -1. The Kappa
(K) and Kendall’s tau (T) coefficients will determine using SPSS software (version 11.5) to
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indicate the level of agreement between digitally interpreted land and existing land area of
the country.
Land cover maps
The land cover mapping will be carried out using the FAO Land Cover Classification System
(LCCS) and the major land use patterns will be extracted from satellite image of Landsat
MSS, TM and/or ETM using digital interpretation techniques. Temporal land use patterns
will be measured in the following format.
Land categories
General characteristics
Area
2
Km
%
1. Agricultural land
a. Cultivated
Crop agriculture
b. Cultivable waste
c. Current fallow
d. Reserve forest
All forest excluding homestead
forest/garden and roadside
e. Acquired forest
trees. No legal classifications of
f. Vested forest
forest.
g. Protected forest
h. Khash land
i. Un-classed forest
j. Mangrove forest
Sundarban + planted mangrove
k. Aquaculture (inland and
All aquaculture excluding
coastal)
homestead ponds. Shrimp
culture may be separated as
another class.
l. Rivers and estuaries
Rivers at dry season.
m. Flood plains
Flood plains excluding hills,
madhupur tract, barind tract,
akhura terrace.
n. Kaptai Lake
Kapai Lake.
o. Beel, haor, etc
Beel + haor (conflict will arise
with crop agriculture in sylhet)
p. others
Not defined above.
2. Non-agricultural land
a. Urban settlement
Metro + District Town + Upazila
Town + Other important Urban
area such as Choumohani of
Begumganj Upazila.
b. Rural settlement
Homestead + Homestead
garden + Pond
c. Road network (national,
As defined by Roads &
district, city, town, local)
Highways department + LGED
(separable in image) + from
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d. Industrial zone
e. Erosion-prone zone
f. Newly accreted zone

g. others
Total

secondary information
EPZ’s + Separate Industrial
zones + Industrial areas with
non-separable settlements
River erosion.
Newly accreted areas in Coastal
Zones and char lands upstream
of Ganges, Brahmaputra,
Meghna
Not defined above.

Trend of changing land use
GIS data management system will follows to estimate relocation trends of land resources.
Computed trends of changing land use will be verified with the existing database available
in secondary sources especially BBS.
Survey and monitoring
The causes of land use change particularly transfer of agricultural land to non-agricultural
land as well as identification of most potential lands those should be keep for agriculture
will be addressed by survey and monitoring with the help of focus group discussions (FGD),
semi-structured interview and participatory field visit. The District Officer of SRDI, CoInvestigators and the Research Associates will conduct the interviews. To produce useable
outputs, observations will be recorded as drawings and notes. A set of guidelines (checklist
of topics) will be developed for the interviews in order to get the most complete
information and to keep the team members on the same course.
Data analysis
Statistical analyses will be done to analyze data obtained from survey and secondary
information. Tables, graphs and figures will be drawn to present the findings.
The expected outputs will be in the form of digital maps of classified satellite image in GIS
context with ground truthing and cross-tabulation validation. The GIS-based maps will
contain all the user-friendly required information such as legend, direction and scale. All the
maps will be interpreted using simple and understandable language for wider acceptance to
the policy makers, extension managers and researchers. In addition, statistical tables and
graphs will also be generated using Microsoft Excel and/or SPSS software. The integration of
map, graph, table and text will be the innovation of the interdisciplinary research team from
the recognized universities and research organization of Bangladesh.
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5. Preliminary findings and discussion
Pre-processing, classification and post-classification of satellite imagery is under way and
not yet fully ready for item-wise measurement. Path 136 and row 44 of Landsat image
(1976) showing the different land use of Noakhali, Feni, Chittagong and Hill Tract regions
(Figure 7).

Figure 7. Landsat image processed for classification, path 136 and row 44
Digital interpretation of path 136 and row 44 identifies geo-spatial distribution of
waterlogged area, aquaculture pond, hill forest, mangrove forest, mudflat, lake, river and
coastal water, urban settlement, rural settlement, agriculture and homestead garden
(Figure 8). Digital interpretation of the satellite image of same area of 2000 and 2010 will
enable us to understand the trends in the availability of agricultural land since
independence along with the shifting of land from one pattern use to other uses. Land use
zoning may be used either as a source of information as a planning and regulating tool, in
which different zones are identified and characterized as meeting certain objectives. Zoning
of land for certain types of development may help in controlling environmental
deterioration, and in avoiding adverse social and environmental interactions. Zoning is an
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important and powerful tool for planners and has a wide range of specific applications and
uses.

Figure 8. Classified Landsat image showing land use patterns of path136 and row 44
Land is the major source of wealth and livelihood in rural Bangladesh, as in other South
Asian countries, although the land/person ratio is one of the lowest in the world, estimated
at 0.12 ha (FAO, 2001). Bangladesh is also one of the most densely populated nations of the
world, with small farms and high levels of land fragmentation. This is further complicated by
shrinking availability of land per farm holding due to rising population pressure and closure
of the land frontier.
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Land evaluation using GIS techniques estimates the existing land use patterns with
particular interest of agriculture land for crop production. Results predicted from GIS
evaluation as most favorable for crop production are validated by the existing location of
crop fields in the study area. The compactness of vast erosion-free agriculture lands can be
the appropriate option for commercial-scale crop production to different stakeholder
groups. Moreover, integrated rice-fish farming and time-sharing of seasonal vegetables with
rice can also be adopted as the most efficient ways with a production of diversified crops
that have been practiced in other Asian countries. The present study suggests that geospatial distribution of land should be identified and mapped into appropriate zones on the
basis of existing utilization patterns. The zoning approach can provide important
information for potential developers/investors to identify the suitable zone that could meet
certain objectives for their maximum benefit (Hossain and Lin 2001, Hossain and Das 2010).
Zoning of land can protect the crop farming from environmental deterioration and adverse
social and environmental interactions. Local people prefer more suitable locations based on
their indigenous knowledge that justify the well known expression “farmers are the real
scientists”; thus the present land evaluation identified the most favorable areas that is also
validated by the existing location of crop farms in the study area.
This study shows that GIS databases of different formats and sources can be used
effectively to establish spatial models in land evaluation for agriculture. It is expected that
the land evaluation modeling is useful to identify suitable areas for crop production in terms
of efficient income generation, effective conservation and sustainable land management.
Results of this study could be improved by using the site-specific data for agriculture. An
important advantage of GIS is the ability to easily update the existing rating upon the
availability of new or better information (Rajitha et al. 2007) and getting the improved
model output on-the-fly. A new map can be generated in a relatively short time with less
effort and lower cost compared with additions to files on paper, manual planimetry and
conventional map updating (Hossain et al. 2009, Kapetsky 1994, William 1994).
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1. Introduction
The economy of Bangladesh is based on agriculture which is transforming from traditional
to modern system. In this transformation process the crop sector is of strategic importance
to Bangladesh, as in most other low-income countries. It is the source of staple food for 145
million people and the major source of livelihood for 16 million farm households. The crop
and horticulture sector jointly contributed US$9,643 million to the economy, accounting for
11.3% of the gross domestic product (GDP) in 2008-09 (BBS, 2010). A major issue
affecting the crop sector is the inflexibility of resources tied in production activities. The
dominant factors of production are land and modern inputs (e.g., HYV seeds, fertilizers and
water control). Since specific agro-ecological condition at various regions of the country
determines the suitability of land and availability of inputs for the production of different
crops, one cannot easily shift land use from one crop to another without reducing yield
levels. Furthermore, the crop sector is the ‘employer of last resort’ and the main source of
livelihood for the illiterate and less-educated people who do not have access to alternative
employment opportunities in the non-crop sectors. The proponents of free trade argues that
simply a reduction in price and the raising profitability of crops may not necessarily lead to
a reallocation of labor to more productive activities to non-crop sector. Given the
circumstances in Bangladesh, some argues that such actions may lead to lower earnings for
the farmers and lower wage rate for the agricultural laborers, thereby worsening the poverty
situation in the country. Trade and price policy are also important instruments that can be
applied to balance the interests of the producers and consumers in the crop sector. Too
much protection of the sector will raise food prices out of line in the international market
that will benefit farmers at the cost of consumers, and vice-versa. A major concern for the
government is maintaining stability in food prices by providing subsidies in agricultural
inputs and selling food crops at fair prices by buying from the farmers at a higher price. In
other words, the government of Bangladesh operates both level of subsidies: input subsidy
as well as output subsidy. Since price instability directly affects food security of the poor,
therefore, maintaining food crop prices at an affordable level is a major strategic element for
poverty alleviation (Hossain and Deb, 2003).
In general, financial (private) profitability of a crop is the basis of farmers’ decision making.
Financial profitability is based on the calculation of costs and returns valued at market
prices of inputs and outputs that the farmers actually pay and/or receive for their crops.
Farmers allocate land and other resources in the production of different crops on the basis of
relative financial profitability. In most cases, financial profitability differs from economic
(social) profitability because of distortions in the factor and product markets such as
government taxes and subsidies, trade restrictions, monopoly elements in marketing and
segmentations in the capital market, which are the major features in any developing
economy. It is therefore, necessary to determine economic profitability which involves
deriving border/international prices of all inputs and outputs and adjusting those prices by
the economic costs of transportation and marketing. Since Bangladesh is a member of the
WTO, comparative advantage may have a larger role in determining the trading status of
Bangladesh with respect to a particular commodity in the future. Because trade policies that
allow consumers to access food from the lowest cost source in the international market is
thus important for the welfare of the low-income consumers, but it is equally important to
protect them from large fluctuations in the prices of staple food in the world market. It is
also important to maintain an incentive price for farmers to sustain the long-term growth in
production of staple food, and the balance between the demand and supply for maintaining
the stability in prices in the domestic market. A fair price for farm products is also important
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for poverty alleviation, since two-thirds of the farmers operate with holding size of less than
one hectare, which is incapable of generating the poverty level income.
A number of studies have examined financial and/or economic profitability of agricultural
crops in Bangladesh (e.g., Mahmud et al. 2000, Shahabuddin and Dorosh 2001,
Shahabuddin et al 2002, BRF 2005, Rashid 2010). Shahabuddin and Dorosh (2001), and
Rashid (2010) showed that Bangladesh has comparative advantage in the production of rice,
wheat and pulses for import substitution but does not have comparative advantage in the
production of any of the oilseed crops. While updating of these analyses is important,
examining the issue including some additional dimensions (e.g. agro-ecosystem,
technology, variety) affecting the production environment of the farmers is of paramount
importance, which is attempted in this project.
This research will contribute to a better understanding of the factors those influence
financial and economic profitability of agricultural crops by comparing, for example, rice
produced under irrigated and rainfed conditions, its different costs of production and yields,
and hence different levels of profitability. In addition, this study will highlight how possible
policy changes (e.g. reduction of the fertilizer subsidy) might affect profitability and
production of different crops and how these factors can help to explain recent changes in
agricultural land use in some parts of Bangladesh (e.g. shift from wheat to maize in the
northwest).

2. Objectives, key research questions and expected outputs
Objectives
The objectives of this research project are:
a. To examine the financial and economic profitability of the various crops listed in the
Scope of Study including an assessment of the comparative advantage for import
substitution and/or export (i.e. conduct a standard PAM analysis).
b. To assess the impact of fertilizer subsidies on financial profitability and production
and the factors leading to differences in financial and economic profitability across
different crops and across different regions for the same crop.
c. To explain changing patterns of agricultural land use (area planted to different crops
in the different areas specified below) since 2000 based on different levels of
financial profitability for different crops.
For achieving the above objectives the study will pursue the following steps:
(1) Conduct standard cost benefit analysis (CBA) to determine financial and economic
profitability of each crop under consideration
(2) Conduct a PAM analysis to determine comparative advantage of each crop under
consideration
(3) Determine the level of output maximizing fertilizer level for rice using
experimental data
(4) Estimate input demand and output supply response of each crop using profit
function analysis
(5) Conduct cost-effectiveness analysis of the impact of fertilizer subsidies on
profitability of farmers as well as the government
(6) Assess the trend and level of land use change and/or cropping diversity in various
regions of Bangladesh and identify their determinants since 2000
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Key research questions
The research will focus on three important issues of crop sector which are related with
profitability, fertilizer subsidy and land use pattern. The key research questions have been
specified differently focusing importance of each issue in the agriculture sector of
Bangladesh. Addressing the financial and economic profitability of major crops the research
sub-questions are:
• What are the costs and returns of major crops in Bangladesh?
• What is the private profitability of the different crops?
• What is the social profitability of the different crops?
• What are the competitiveness and economic efficiency of various crops at the
farmgate level in different regions in Bangladesh?
• What is the economic efficiency in domestic resource use of different crops?
Fertilizer is the most essential input in crop production. Government is providing massive
amount of subsidies in fertilizers to enhance the production and productivity in crop sector.
To assess the impact of fertilizer subsidy on crop productivity, the study will concentrate on
the following issues:
• What is the yield maximizing level of fertilizer for rice crops?
• What would be the optimal price of fertilizer?
• What is the impact of fertilizer subsidy on profitability of rice farming system?
• What are the effect to changes in prices of inputs and output as well as fixed factor
endowments?
• What is the cost effectiveness of subsidy on fertilizer under the different policy
alternatives?
The aforementioned analysis assumes that farmers are profit maximizers thereby, allocating
optimum amount of land under each crop to maximize their production and profit.
Extending this assumption, we raise the following questions for the regional level analysis:
• What is the rate of change of individual crop area over time?
• What are the determining factors for allocating land to individual crops over time in
each region?
Expected outputs
The outcome of the research will help to provide an up-to-date and necessary information to
assess the comparative advantage and profitability of major crops which are produced at the
farm level in Bangladesh. The study will provide extensive information on how to
undertake proper subsidy policy for increasing crop productivity as well as modernizing the
agricultural sector by providing input support services where necessary. Specially, it will
help the policy makers to better understand the functioning of the subsidy policy and its
impact on food security in rural Bangladesh. It is expected that the recommendations of the
research would be helpful to adopt the strategies for rearranging land use patterns and its
functioning appropriately targeted to address food security in rural Bangladesh. The
expected outputs from the research project as follows:
• Financial and economic profitability of the major crops and comparative advantages
in producing those crops
• Impact of fertilizer subsidies on financial and economic profitability specially on
rice production
• Find the changing mode of land use pattern and their determinants at the regional
level
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•

Sensitivity analysis of financial and economic profitability with respect to different
output prices

Finally, documenting the results the research will produce:
• A complete report as required by the TOR accompanying cleaned raw data in
electronic format.
• At least two journal articles will be published in reputed journals. One on economic
costs and returns of crops and its comparative advantage and the other on
profitability of rice and other major crops.
Link between key research questions and expected outputs
A large scale primary survey at the farm-level is the key to successfully accomplish the
main elements of the research project. The primary level survey will be carried out to
calculate the financial and economic profitability of major crops in Bangladesh. Analyzing
the primary survey data, the research questions on profitability will assess the
competitiveness and economic efficiency of various crops at the farmgate level in different
regions in Bangladesh. The experimental data will be collected from Bangladesh Rice
research Institute (BRRI) to fit the response function for rice which will provide information
on the yield maximizing level of fertilizer use for rice. The impact of fertilizer subsidy on
profitability of rice farming system will be analyzed from the survey data. The sensitivity
analysis will be done to know the cost effectiveness of subsidy on fertilizer under the
different policy alternatives. Finally, technical research report will be prepared based on the
findings of this research study.

3. Literature review
This section is an attempt to know the status and recent update of the researches pertinent
with the topic. The study is linked with the multidimensional aspects that related with
financial and economic profitability of crops, impact of fertilizer subsidy and changing
pattern of land use. Hence, the international and national evidence have been reviewed for
addressing the above issues.
3.2.1 Application of policy analysis matrix (PAM)
This section presents the literature review on comparative advantage analysis for the cereals
and non-cereals using the policy analysis matrix (PAM). The components to be included in
the literature review are as follows:
Appleyard (1987) studied the comparative advantage in agriculture sector in Pakistan. Main
commodities covered were wheat, cotton, basmati rice, coarse rice, sugar cane and maize.
The policy analysis matrix was used to determine the competiveness and policy effects and
the domestic resource cost ratio was used to determine the comparative advantage. They
have analyzed the data of cost of production for the period of 1982-83 to 1983-84. They
showed that Sindh has more comparative advantage in production of cotton and wheat for
both years. In case of rice panjab has smaller DRC value than sindh and has comparative
advantage in rice production.
Nelson and Panggabean (1991) used the PAM to analyze the effects of Indonesian sugar
policy on sugar production in irrigated and dryland areas in Java, the main sugar-producing
region in Indonesia, and to identify the distribution of resource transfers. They explained
that policy analysis have to present their research result to policy makers in an easy and
comprehend way. According to the authors, Indonesian sugar sector is a complex one and is
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an ideal candidate for PAM. They used the data for 1987 and separated sugar sector in three
representative activities, ie, Production, Processing and Marketing. Indonesian economy
was relatively undistorted thud determination of social prices was straightforward.
Gonzales, et al (1993) measured comparative advantage in the production of food crops in
Indonesia by comparing the border price with social or economic opportunity cost for
producing, processing, transporting, handling and marketing an incremental unit of the food
commodity. They concluded that if opportunity cost is less than the border prices then that
country has a comparative advantage in the production of that commodity. They found that
Indonesian rice has comparative advantage as an import substitute but not as an export crop
because of poor quality and a thin world rice market. Corn is the most efficient of the five
crops as an import substitute.
Morris et al (1996) showed that when inputs and outputs are assigned economic prices,
wheat production represents the most efficient use of domestic resources in most nonirrigated zones and in one irrigated zone in Bangladesh.
Yao, S. (1997) assessed the costs and benefits of the Thai agricultural diversification policy
in 1994–96. He suggests that rice is more profitable than soybeans and mungbeans,
implying that government intervention may incur efficiency losses. Sensitivity analyses
showed that potential price changes, increasing water scarcity, and the effects of crop
production on the environment are important concerns which may justify government
intervention.
Adesina and Coulibaly (1998) used a PAM to analyze the social profitability of
agroforestry-based technologies for maize production in the highland savanna zone of
Cameroon, and the impacts of policy shifts on the financial competitiveness of maize
production under these technologies. They showed that maize production under
agroforestry-based systems has high comparative advantage.
Bagchi and Hossain (2000) evaluated the comparative advantages for rice production in
India. The comparative advantages was assessed through an estimation of social
productivity and domestic resources cost ratio by including the value of rice and the
resources involved into the cultivation at their opportunity cost. The result showed that
adoption of high yielding varieties, farm mechanization, increased used of fertilizer and
chemical led to increase in productivity. The increased use of tradable inputs also resulted in
reallocation of resources. These all factors affected the competitiveness and comparative
advantage of rice.
Fang and Beghin (2000) concluded that China has a comparative advantage in laborintensive crops, and a disadvantage in land-intensive crops. Specifically, land-intensive
grain and oilseed crops are less socially profitable than fruits and vegetables. They stress the
need for greater input productivity in grain production to improve its competitiveness if
China keeps its food security policy.
Mucavele, (2000) concluded that the northern macro-agroecological zone in Mozambique
has a comparative advantage in producing all the crops. They suggested to established
institutional arrangements such as legal systems, weights, grades, measures, and enforceable
contracts to improve agricultural marketing.
Shahabuddin (2000) concluded that Bangladesh has comparative advantage in the
production of most crops. They suggest that the menu of crops that Bangladesh can produce
efficiently either for import substitution or for export is quite large. The paper argues that
the existence of comparative advantage and the liberalization under Uruguay Round
Agreements are not likely to generate any significant benefit to Bangladesh agriculture on
its own.
Sukume, (2000) measured the comparative economic advantage of crop production in
Zimbabwe. They showed that a higher number of crops are economically viable in each
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zone in the small scale commercial sector. The most efficient crop in the communal sector
was groundnuts, followed by sunflower, finger miller and cotton in all zones. They also
indicate that the pan-territorial pricing system that has been in place for decades has created
severe distortions through net subsidization of farmers in regions remote from main
consumption centers.
Mohanty and Chaudhary (2002) concluded that without government interventions in
Maharashtra state in India, it is likely that acreage will move away from cotton to more
profitable crops such as sugarcane and groundnut. They also suggest that Indian policies
directed at maintaining the availability of cheap cotton for the handloom and textile sectors
have induced major inefficiencies in the cotton sector.
Morrison and Balcombe (2002) showed that as an analytical methodology, the PAM can be
used to provide indicators of the incentives faced by producers in a given policy and
institutional environment. The distribution of generated DRCs demonstrates the relative
sensitivity of these indicators to the use of different values of that price. They introduced the
technique of bootstrapping as a general method for assessing the degree of uncertainty
surrounding indicators derived from PAMs. The example of wheat production in Slovakia is
used to demonstrate the usefulness of the additional information generated by this approach.
Shahabuddin et al. (2002 a) concluded that Bangladesh has a comparative advantage in
domestic production of rice for import substitution and more profitable options other than
production for rice export. Several non-cereal crops, including vegetables, potatoes and
onions have financial and economic returns that are as high as or higher than those of High
Yielding Variety (HYV) rice.
Shahabuddin et al. (2002 b) examines the comparative advantage of rice using two
indicators: net economic profitability and domestic resources cost ratio and suggested that
Bangladesh has a comparative advantage in rice production except for the upland aus crop
and the deepwater aman rice. Diversification in favour of nonrice economic activities for
both uplands and extreme lowlands is socially justified.
Anwar (2004) concluded that Pakistan has comparative advantage at export parity prices for
cotton and rice. The wheat and sugarcane have comparative advantage at import parity
prices. The DRC is fairly high for wheat and sugarcane. He concluded that Pakistan has to
maintain competitive edge in rice and cotton through quality produce and value addition.
Nguyen et al. (2004) concluded that Vietnam has the comparative advantage in rice and that
the use of domestic resources – i.e., land, labour and water – was efficient in economic
terms. The estimated DRC elasticities with respect to the world rice price and the shadow
exchange rate in 1998 showed a considerably improved comparative advantage. They also
found that the comparative advantage of rice is very sensitive to changes in its export price.
Anwar et al. (2005) showed that at import parity price, Pakistan has a comparative
advantage in the production of wheat only as an import substitution crop. At export parity
price, Pakistan is not competitive in the world wheat market and has no comparative
advantage in wheat production.
Shafik, (2006) indicated that the comparative advantages of all agricultural crops, except for
onion, in Egypt, improved during the 1995-1998, while they decreased in potatoes and
onions and improved in rice and cotton during the 1999-2003.They also indicated the
decreased competitiveness of export prices for all the crops under study except for onions
during the 1995-1998 compared with the 1991-1994. they recommends that attention be
paid to international quality standards in terms of the variety and marketing services of
these crops with the aim of delivering them to the customer with the required quality and at
the proper time.
Akhtar et al. (2007) showed that both Basmati and IRRI rice production in the Punjab
demonstrate a lack of competitiveness at the farm level for the period under analysis. Their
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results highlight the need for removing existing policy distortions in the structure of
economic incentives to enhance economic efficiency and to attain farm level
competitiveness in rice production.
Amirteimoori and Chizari (2008) concluded that Iran has a comparative advantage both in
the production and export of some commodity, but the comparative advantage in pistachio
production is diminishing. Indices showed a high net social profitability and government
protection of pistachio producers in terms of input subsidies.
Esmaeili, (2008) used the PAM to investigate divergence between market and social profit
in the Iranian shrimp industry. Results indicated that social prices for production cost were
higher than market prices for fuel, electricity, fertilizer and less than market price for feed.
It indicates that in spite of government subsidies to shrimp production inputs, the shrimp
producers categorized as tax payers for total input cost.
Martínez, et al. (2008) used the combination of PAM and Data Envelopment Analysis
(DEA) techniques to model the analysis of profitability of rice growers located in the
wetlands of the Albufera region in Eastern Spain. They concluded that the usefulness of the
PAM might be substantially enhanced by simulating profitability after efficiency-improving
managerial decisions were adopted.
Rashid, M. A. (2009) concluded that the production of potato and lentil would be highly
efficient for import substitution. Bangladesh has comparative advantage in wheat
production as the estimates of DRC were less than one in all the years investigated. DRC for
potato and lentil was less than unity in all the years under investigation.
Input-demand, output supply and cost-effectiveness of price policy instruments
Rahman and Hasan (2011) examined profitability of wheat in Bangladesh. They concluded
that the key policy variable of interest, i.e., the output price, has an almost elastic supply
response. A 1% increase in wheat price will increase its supply by 0.95%. A positive
response of output supply (rice or wheat) to its price has been common in Asia since the
1970s. For example, supply response of HYV rice in Bangladesh is estimated at 0.36
(Rahman and Shankar, 2009), Basmati rice in Pakistan Punjab at 0.27 (Farooq et al., 2001),
Mexican wheat in Indian Punjab at 0.63 (Sidhu and Baanante, 1981), Jasmine rice and
glutinous rice in Northern Thailand at 0.19 and 0.79, respectively (Rahman and
Sriboonchitta, 1995).
Among the fixed factor endowments, the key variable in a developing country context is
land. Rahman and Hasan (2011) noted that the supply response an expansion in land area
for Bangladeshi wheat is high, as expected. A 1% increase in land area will increase wheat
supply by 0.79% which is comparable to those obtained by Rahman and Parkinson at 0.88
(2007) and Sidhu and Baanante at 0.70 (1981).
The expansion of land area also exerts large effects on the use of major inputs including
fertilizers. For example, Rahman and Hasan (2011) noted that the response to an expansion
in land area is very high. A 1% increase in land area under wheat in Bangladesh will
increase labour demand by 0.72%, fertilizer demand by 0.70% and animal power demand
by 0.60%. The figures for Mexican wheat in Indian Punjab are similar at 0.83 for labour,
0.95 for fertilizer and 1.24 for animal power services (Sidhu and Baanante, 1981). For
Jasmine rice in Northern Thailand, the figures are 0.83 for labour, 0.69 for fertilizer and
0.99 for animal power services (Rahman and Sriboonchitta, 1995). Similarly, for HYV rice
in Bangladesh, the figures are 0.74 for labour, 0.92 for fertilizer and 0.96 for animal power
(Rahman and Parkinson, 2007).
Also, a significant increase is observed in the demand for fertilizers in response to an
increase in the prices of output (i.e., rice and/or wheat). For example, Rahman and Hassan
(2011) noted that a 1% increase in wheat price increases fertilizer demand by a massive
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2.06 which is very close to those for Mexican wheat in Indian Punjab is a massive 2.49
(Sidhu and Baanante, 1981). The figures for Basmati rice in Pakistan Punjab is 1.19 (Farooq
et al., 2001), for glutinous HYV rice in Northern Thailand is 0.69 (Rahman and
Sriboonchitta, 1995); and for HYV rice in Bangladesh is, however, very small at 0.16
(Rahman and Parkinson, 2007), but all are significantly different from zero.
Cost-effectiveness analysis of price policy instruments:
Few studies actually conducted explicit cost-effectiveness analysis for various price policy
instruments. We report results of two such exercises. Rahman and Sriboonchitta (1995)
attempted 15 price policy instruments (either single or in combination), conducted sensitivity
analysis and ranked the outcomes in order for Jasmine rice in Northern Thailand. They
concluded that from the viewpoint of both cost-effectiveness and distributional consideration,
price policies for raising rice yields and farm income in Chiang Mai province, Thailand should
focus on rice prices and tractor power prices (Rahman and Sriboonchitta, 1995). Rahman
(1998) also conducted a same set of 15 price policy instruments, conducted sensitivity analysis
and ranked the outcomes in order for foodgrain (rice and/or wheat) as well as a suite of noncereals in Bangladesh. He concluded that When only cost-effectiveness rather than
distributional implication is concerned, results reveal that the most cost-effective policy for
increasing foodgrain production is a reduction in labor wages (ranked 1) and for non-cereal
production a subsidy on fertilizer prices (ranked 1). The rate of return is 95% return on the
labour wage subsidy for foodgrain production and the rate of return is 254% on fertilizer price
subsidy for non-cereal crop production in Bangladesh (Rahman, 1998).
Application of Shadow Pricing
Randolph (1990) addressed the problem of determining discount rate policies that are both
consistent with basic economic principles and implementable given real-world constraints.
The paper first examines the discounting policies of the three federal oversight and budget
agencies as they apply to public investment, regulation, lease-purchase, and asset divestiture
decisions. One prominent technique that has been suggested as a means of improving
discounting policy, the shadow price of capital approach, is then considered in detail. Key
aspects of its implementation are considered, including the determination of program cost
incidence, rates of saving and reinvestment, and proper aggregation of capital costs. The
analysis suggests that there are significant empirical challenges associated with this
approach.
Brunker (1992) applied the usual formulation of total factor productivity (TFP) growth to a
multi-input production process. The theory is applied to the case of the Australian National
Railways Commission (AN Rail), where excess staff levels, and the delivery of certain
‘community service obligations’ provide examples of the application of shadow prices.
Rates of TFP growth are calculated by applying both the traditional formulation and the
more general one accommodating any divergence between actual and shadow prices. When
shadow pricing is accounted for, the average compound rate of TFP growth in AN Rail falls
by up to 37%.
Fare et.al. (1993) applied many production activities to show generating undesirable
byproducts in conjunction with the desirable outputs they produce. Pittman (1983) showed
how to adjust productivity calculations, and Färe et al. (1989) showed how to adjust
efficiency measures, in the presence of undesirable outputs. Here it showed how to estimate
output distance functions as frontiers in order to generate shadow values of the undesirable
outputs that are required to make both types of adjustment. An empirical application is
provided.
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Hanan (1993) developed a methodology for estimating structural time-allocation models for
self-employed households and applies it to peasant family labour supply behaviour in the
Peruvian Sierra. The opportunity costs of time, or shadow wages, of household workers are
explicitly estimated from an agricultural production function. Using an instrumental
variables procedure, the household's structural labour supply parameters are recovered from
variation in these shadow wages. The empirical results are robust to a number of alternative
specifications and diagnostic tests and lend support to the rational allocation of time by
peasant households.
Brian (1995) revealed that empirical estimation of input market power is hindered by
problems in measuring an input's value of marginal product (VMP). By estimating a
variable profit function system, however, one can infer a factor's VMP through its shadow
price. Results evaluated at sample means indicate that pulpwood markets are more
oligopsonistic than sawlog markets, though both perform closer to perfect competition than
monopsony. Time trends for market power differ for each product and perfect competition
cannot be rejected for sawlogs in later years.
Wang. et al (1996) have used a shadow-price profit frontier model to examine production
efficiency of Chinese farm households. The model incorporates price distortions but retains
the advantages of stochastic frontier properties. They derived the shadow prices and shadow
profit through a behavioral profit function. Empirical results using household survey data
show that the conventional assumption of profit maximization based on market prices is
inappropriate. Farmers' resource endowment and education influence their allocative
efficiency. Family size, per capita net income, and family members operating as village
leaders are positively related to households' production efficiency. Reducing market
distortions should increase farm households' production efficiency.
Boltz et.al. (2002) applied by Tobit estimation of the market value of timber sales in
national forests of North Carolina demonstrates the important effect of stand diversity on
the formulation of bid prices for mixed-species timber tracts. The hedonic model generates
a shadow price for diversity according to changes in bid prices, an effective shift in the
demand curve for auctioned tracts due to stand diversity attributes. This approach contrasts
with traditional shadow price analyses that focus on the supply effects of environmental
constraints. Results are corrected for the effects of bidder participation, market conditions,
production costs, and other stand attributes. Econometric results demonstrate that stand
heterogeneity is a highly significant factor influencing the market value of timber sales from
national forests of the Appalachian region. Greater heterogeneity results in lower bid prices
for timber sales, indicating a positive shadow price for maintenance of stand diversity
Shaik et al. (2002) analyzed the implication of treating environmental pollution as an
undesirable output (weak disposability) as well as a normal input (strong disposability) on
the direct and indirect shadow price and cost estimates of nitrogen pollution abatement
using Nebraska agriculture sector data. The shadow price of nitrogen pollution abatement
treated as an undesirable output represents the reduced revenue from reducing nitrogen
pollution. In contrast, the shadow price of nitrogen pollution abatement treated as an input
reflects the increased cost of reducing nitrogen pollution. For the 1936-97 period, the
estimated shadow price and cost of nitrogen pollution abatement for Nebraska ranges from
$0.91 to $2.21 per pound and from $300 to $729 million, respectively.
Andres et.al. (2005) dealt with the calculation of shadow wages for family labour in
agriculture. Using the existence of a duality between input distance and cost functions, they
used the former to drive individual labour shadow prices for a sample of Spanish citrus fruit
producers. Their result shows that the average shadow price representing the opportunity
cost of family labour employed on farm, is lower than the average market wage rate paid for
hired labour. They relates this findings to the strategies of outsourcing of many growing
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tasks that is currently pursued by farmers to overcome the problems posed by a suboptimal
farm size.
Jing et.al. (2007) proposed to calculate the Shadow Price of water resource using a novel
dynamic computable general equilibrium model based on National Water Resource Input
Holding Output Table in China. The dynamic Shadow Price of water resource is largely
based on the scarcity extent and can reflect the marginal long-term value in the balanced
growth path of China. Firstly, the basic concepts of dynamic Input Output analysis and
Turnpike Theory are reviewed. Then, Dynamic Computable General Equilibrium (DCGE)
is elaborated to calculate the Shadow Price, including the definition and computer-based
algorithm. Furthermore, Shadow Price of water resource in China from 1949 to 2050 is
calculated based on the DCGE. Also the sensitivity analysis of the DCGE for Shadow Price
of water resource in China is presented. Dynamic Shadow Price of water resource has two
meanings for China government: (1) Project evaluation. Every large-scale project in China
must have national economic evaluation and the dynamic Shadow Price is prerequisite for
national economic evaluation. (2) Market price of water resource. They showed that
Shadow Price of water resource in domestic market of China should be rewritten according
to the dynamic Shadow Price. In addition, the parallel computations approach could also be
used to solve these problems in different countries or for different natural resources.
Richmond et.al. (2007) analyzed the contribution of ecosystem services to GDP and use this
contribution to calculate an empirical price for ecosystem services. Net primary production
were used as a proxy for ecosystem services and, along with capital and labor, were used to
estimate a Cobb Douglas production function from an international panel. Positive output
elasticity for net primary production probably measures both marketed and non-marketed
contributions of ecosystems services. The production function was used to calculate the
marginal product of net primary production, which is the shadow price for ecosystem
services. The shadow price generally is greatest for developed nations, which have larger
technical scalars and use less net primary production per unit output. The rate of technical
substitution indicates that the quantity of capital needed to replace a unit of net primary
production tends to increase with economic development, and this rate of replacement may
ultimately constrain economic growth.
Barrtt et.al. (2008) introduced a method for estimating structural labor supply models in the
presence of unobservable wages and deviations of households' marginal revenue product of
self-employed labor from their shadow wage. This method is therefore robust to a wide
range of assumptions about labor allocation decisions in the presence of uncertainty, market
frictions, locational preferences, etc. They illustrated the method using data from rice
producers in Côte d'Ivoire. These data revealed significant systematic differences between
shadow wages and the marginal revenue product of family farm labor. They demonstrated
how one can exploit systematic deviations, in the present case related to household
characteristics such as the land/labor endowment ratio, to control for both unobservable
wages and prospective allocative inefficiency in labor allocation in structural household
labor supply estimation.
3.2.2 Application of fertilizer subsidy
Barker and Hayami (1976) found that a subsidy applied to modern inputs, such as fertilizer,
that is being used below optimum can be more beneficial than supporting product prices.
Ahmed (1978) concluded that for any reduction in the budgetary burden of subsidy, the
government should explore the price support programme before reducing fertilizer subsidy.
Bayes et al. (1985) concluded that The guiding hypothesis for the study is that some
combination of price support and fertilizer subsidies is preferable to achieve rice self
sufficiency in Bangladesh.
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Ahmed (1987) concluded that farmers receive fewer subsidies than usually claimed and the
hidden subsidy to industries is passed on to farmers. The Bangladesh case may represent
developing countries in a general manner.
Renfro (1992) revealed that Fertilizer marketing and price policies in Bangladesh are
becoming increasingly liberal. Reforms that began in 1983 with the New Marketing System,
and continue into the present with direct procurement of urea and gypsum fertilizers from
factories, have led to an expanded role for the private sector and to important price and
supply availability benefits to farmers. Despite the virtual elimination of urea subsidies in
1986, prices and consumption have improved due to growth in competition and other non
price factors. Large subsidies continue to exist on phosphate and potash fertilizers. These
subsidies and import restrictions in general on the private sector are problematic to
competitive procurement of fertilizers. Policy options are recommended to overcome these
problems, and benefits to farmers from complete price and market deregulation are
estimated.
Zahir (2001) revealed that reduction of subsidy expected to reduce farmers’ profit (net
income) and adversely affect crop sector growth.
Begum and Manos (2005) showed that a policy of increased price of fertilizer would have
an enormous impact on farm income and employment.
A synthesis of agricultural policies in Bangladesh (2006) showed that subsidy on
agricultural inputs, i.e. diesel and fertilizers, is put forward as a tool for allowing a ‘level
playing field’ for the Bangladeshi small farmers in the trade liberalized era especially, when
Indian farmers are subsidized for irrigation, electricity, etc.). But the case of subsidy is put
forward without any rigorous analysis of its possible effects on real rice price, sustaining
rice production at profitable level or its implementation. The glaring example is the
Agriculture Ministry’s attempt to introduce subsidy on diesel for irrigation pumps without
understanding the varied pattern of pump ownership and management, modes of payment
for water (cash or cropshare), dynamics of water market (partnership and social conflict
resolution) and so on.
Islam et. al. (2007) found that the farmers were using excessive urea and comparatively
fewer amounts of TSP and MP and those farmers were using comparatively more TSP and
MP, in contrast they were using less amount of urea. The estimated results of determinant
functions indicate that the use of TSP and MP at the farm level could be increased by
reducing their prices and increasing the urea price at the farm level, simultaneously. Side by
side, massive extension program regarding the balance fertilizers use could also increase the
use of these two fertilizers at farm level and the use of better combination of TSP and MP
alone with urea might reduce the tendency of using more urea. The mean of reducing prices
of TSP and MP at farm level is to provide price subsidy in the country. To overcome the
budgetary constrain, government of Bangladesh could increase the urea price and earn extra
revenue. And this extra revenue earned from urea sale could be provided as price subsidy
for TSP and MP in the country.
Ahmed (2008) showed that the prices of TSP, DAP and MoP increased abruptly in the
international market at the end of 2003 and beginning of 2004. Due to such high price hike,
the balanced use of fertilizer was being seriously affected. The Bangladesh Fertilizer
Association proposed to the government about the introduction of subsidy on these
fertilizers so that the farmers could use balanced fertilizer for their crops. The government
considered BFA’s proposal favorably and decided to provide 25% subsidy on these
fertilizers. During 2004-05 and 2005-06 the government provided Tk 261.14 and 371.28
crores as subsidy for the phosphate and potash fertilizers. This subsidy helped the farmers
get fertilizers at reasonable prices and thus crop production increased significantly in the
country.
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D-8 Secretariat (2008) showed that if the government has to ensure supplying Urea to the
farmers at a tolerable rate, the nation will need to spend almost TK. 40,000 per ton as
subsidy as the Bangladeshi government continues to fail in collecting Urea fertilizer at a
much lesser rate. Bangladeshi government signed contracts with countries like Saudi
Arabia, Kuwait etc., for importing urea on state-to-state contract at the price of US$ 870
plus per ton, while, for example, Israel offers the same urea to its friendly nations at the rate
of US$ 300 per ton. As Bangladesh continues total ban on Israel, Bangladeshi businessmen
or state owned enterprises are not able to buy urea from any of such sources.
In E-Bangladesh (2009), it is found that the new Government has already reduced the price
of non urea fertilizer significantly. It has plan to import urea fertilizers to cover the deficit of
the combined demands of the fertilizer plants in Bangladesh. But the matter to bother is that,
the government has to cater for a subsidy amounting to 6 thousand crore taka to comfort
fertilizer supply alone. A nation like Bangladesh cannot continue providing huge subsidy to
fertilizer forever.
Barkat et. al. (2010) revealed that the smaller farmers are much restricted in their choices
and opportunities because of their lack of assets and their economic profits from crop
production activities are moderate. A selective, targeted fertilizer subsidy scheme for only
the smaller farmers may be the correct subsidy policy. In recent times it has happened quite
often that farmers have complained of not receiving the required amount of fertilizers and
even sometimes not any fertilizer at all at the dealer’s shops. The study finds huge deficit of
fertilizers among farmers, whereas larger farmers are less likely to be fertilizer-deficit as
compared to the smaller farmers. The reasons behind the huge deficit of the fertilizers can
be specified as high price of fertilizers, lack of availability on time, transportation problem
and so forth.
3.2.3 Land use pattern
Alam, et. al. (2010) conducted a study in the haor areas of Bangladesh to assess the land
utilization status, delineate the productivity and profitability of growing modern rice,
evaluate the existing cropping patterns and assess the prospect of possible cropping patterns.
, the study revealed that, there are about 1.26 million hectares of cultivated lands in seven
haor districts, of which 66% falls under haor area. According to the farmers' assessment,
lack of flood control dam and lack of short duration varieties etc. are the major hindrance to
the adoption of potential cropping patterns. Construction of community harvest and
threshing facilities and flood control devices could be the important public interventions for
enhanced agricultural productivity in the haor areas.
Masum (2009) concluded that the variability of land use is observed at national and village
levels. Time and population pressure were found to be the major driving forces to determine
land use and land use changes in Bangladesh. Village land use was found to be most
important especially for agricultural production as the majority of the rural population
depend on it for their survival. Homestead forestry played an important role to substantially
increase the total tree cover and is great sources of the country’s forest products. However,
as the country is slowly advancing towards development, urbanization and industrialization
are emerging as major conflicting land uses converting very good agricultural land to nonagricultural purposes. To overcome the losses of these lands farmers are trying to increase
food production from the remaining lands without considering the productive capacity of
the lands.
Kurosaki T. (2007) investigated that a sharp discontinuity land-use changes between the
pre- and the post- independence periods in India, Pakistan, and Bangladesh: total output
growth rates rose from zero or very low figures to significantly positive levels, which were
sustained throughout the post-independence period. The improvement in aggregate land
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productivity explained the most of this output growth. The decomposition results focusing
on quantifying the effect of crop shifts show that the crop shifts did contribute to the
productivity growth in all three countries, especially during the periods with limited
technological breakthroughs. The contribution of the crop shifts was larger in India and
Pakistan than in Bangladesh, where rice is too dominant as the staple crop. The
decomposition results and changes in crop composition are consistent with farmers'
response to comparative advantage under liberalized market conditions.
Sharifia (2003) stated that Land-use planning for agricultural development has agronomic,
social, economic and political dimensions and deals with the multipurpose use of land,
trade-offs between different functions of land, and often conflicting interests among
different categories of land users and conflicts between collective and individual aspirations
and needs. Land-use planning is therefore a multiple objective endeavor, which includes a
variety of complex agronomic, ecological, social and economic processes. Planning should
provide a framework for operation and decision-making. A good land-use plan should
reflect expectations about the environment, the capacity of the system, and the trade-offs
between alternative options for allocation of resources and the direction of efforts.
Mohameda et al. (2000). Reported that the development and operationalisation of a
methodology for land use planning and policy analysis that integrates agro-ecological and
agro-economic information in such a way that it can assist policy makers in formulating and
evaluating policy options at sub-regional level.

4. Methodology and data sources
The proposed study is focused on financial and economic profitability of the various crops
including an assessment of comparative advantage using PAM. To assess the comparative
profitability of the different crops, farm level survey is necessary for actual estimation of the
production cost and return.
The study is designed to conduct into three phases. Phase-I deals with farm level survey,
financial and economic cost and return analysis and assessment of comparative advantages
of crops; Phase-II deals with assessing the impact of fertilizer subsidies on profitability
using experimental data as well as farm-survey data for rice only; Phase-III measure the
changing patterns of agricultural land use and identifies its socio-economic determinants
using through the secondary time-series data.
4.1 Data Source
The research is based on primary data as well as secondary data and extensive literature
review. As most of the aggregate data for this study is not readily available in the form
required, extensive field works, for collection, coordination and screening of data from
secondary sources will be done. For primary data collection, field observation, focus group
discussion (FGD) technique, and structured questionnaire survey have been conducted.
4.1.1 Primary Data Source
Primary data for this study is required to analyze the financial and economic profitability
measure at the farm level and its associated multifaceted impacts. Also, primary data is
required for conducting impact analysis of fertilizer subsidies and output price policy
measures on farm-level profitability analysis. Primary data, therefore, will be generated
from an extensive farm-survey at distinct agro-ecological regions of Bangladesh.
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4.1.2 Secondary Data Source
The principal sources are: Various issues of Yearbook of Agricultural Statistics in
Bangladesh, Statistical Yearbook of Bangladesh, Bangladesh Economic Survey, Bangladesh
Census of Agriculture and Livestock, FAOStat, GIEWS of FAO, commodity price statistics
of IFS, IMF etc.
4.2 Survey Design
4.2.1 Study Area
The farm survey has been carried out in all the mentioned regions in the TOR for various
crops by applying multistage stratified random sampling technique for selecting 30 farms of
marginal, small, and medium and large together for each farm type. The selected survey
districts have been chosen based on crops, specified characters and region that show in the
Table 1.
Table 1: Region wise study area based on specified characteristics
Crops

Regions
North-western

Boro

Specified
Character
High land

Wheat

Rainfed
Supplementary
irrigation
Irrigated

Maize

Supplementary
irrigation / rainfed
Winter

Jute
Lentils
Mustard

Haor

Dinajpur, Rajshahi

Medium land
Low land

Aman

Region wise survey district
Central
Southern
Southcentral

Mymensingh
Kishoreganj,

Dinajpur, Rajshahi
Bogra, Joypurhat

Kushtia
Sunamganj,
Habiganj,
Netrokona
Barisal

Dinajpur,
Thakurgaon
Rajshahi

Faridpur

Dinajpur,
Lalmonirhat
Kishoreganj

Faridpur

Natore
Tangail,
Sirajganj

4.2.2 Sampling Design
The farm survey has been carried out for various crops by applying the multistage stratified
random sampling technique for selecting 30 farms for marginal, small and medium/ large
farm from each farm category.
At the first stage, the districts were selected for the specified crops which have been
mentioned in the ToR. For selecting the upazilla, the cultivated area for the selected crops
and cropped area of all upazillas under the district were collected from the district office of
the Directorate of the Agricultural Extension (DAE). The highest crop concentration
upazilla for the selected crop was selected based on the information of the DAE. Again,
union and block wise information for the specified crops have been taken from the upazilla
office of the DAE for selecting the union and block. The union and block have also been
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selected based on the highest crop concentration for the selected crop. Finally, the farmers
have been selected randomly from the highest crop concentrated village according to the
farm size under the selected union.
The steps are as follows:
District

Upazilla / Thana

Union / Block
Village
The total farm households in each village with land-ownership category have been collected
from Agricultural Extension Office, which served as the population for the present study.
Then the predetermined 30 households surveyed in each category farm units in the study
area by applying the following formula (Arkin andColton, 1963):

Where: n = sample size
N = total number of households
z = confidence level (at 95% level z = 1.96)
p = estimated population proportion (0.5, this maximizes the sample size)
d = error limit of 5% (0.05)
applying strict random sampling of first 30 farmers or every kth sample until to get
30 farmers.
4.3 Analytical Techniques
Phase 1: Financial and economic profitability of the various crops AND an assessment of
comparative advantage for import substitution and/or export
1. Financial and economic costs and returns from crops
Profitability or cost-benefit analysis includes calculation of detailed costs of production and
return from crops on a per hectare basis. The total cost (TC) is composed of total variable
costs (TVC) and total fixed costs (TFC). TVC includes costs of human labour (both family
supplied and hired labour, wherein the cost of family supplied labour is estimated by
imputing market wage rate), mechanical power; seed, manure, chemical fertilizers;
pesticides; and irrigation. TFC includes land rent (if owned land is used then the imputed
value of market rate of land rent is applied) and interest on operating capital. The gross
return (GR) is computed as total maize output multiplied by the market price of maize.
Profits or gross margin (GM) is defined as GR – TVC, whereas the Net return (NR) is
defined as GR – TC. Finally, the Benefit Cost Ratio (BCR) is computed as GR/TC. Both
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financial and economic costs analysis will be conducted by using appropriate shadow prices
for inputs for the latter.
2. Assessment of comparative advantage of crops
Policy Analysis matrix (PAM) framework will be utilized to measure economic efficiency
and competitiveness the same as those listed in the ToR under different production systems
(Table-2). This framework was developed by Monke and Pearson (1989), and augmented
by recent developments in price distortion analysis by Masters and Winter-Nelson (1995).
PAM is a tool that allows us to examine the impact of policy by constructing two enterprise
budgets, one valued at market prices and the other valued at social prices. The PAM, once
assembled, provides a convenient method of calculating the measure of policy effects and
measures of competitiveness and economic efficiency/ comparative advantage. This
framework is particularly useful in identifying the appropriate direction of change in policy
(Gonzale et al., 1993) and has been applied by many (e.g., Salman and Martini (2000),
Khan (2001), Khan and Rana (2004). In the present study particular attention is given,
however, to competitiveness and economic efficiency in domestic resources by using a
PAM framework. The assessment of competitiveness and economic efficiency of various
crops at the farmgate level in different regions in Bangladesh will be undertaken using the
farm level data and the necessary indicators will be derived to explain the private
profitability, social profitability and divergence for the entire period.
Table-2: Framework of Policy Analysis Matrix (PAM)
Items
Revenue
Costs
Profit
Tradable inputs
Domestic factors
Private prices
A
B
C
D
Social prices
E
F
G
H
Divergences
I
J
K
L
Source: Based on Monke and Pearson (1989)
Private profits (D) = A-(B+C), Social profits (H) = E-(F+G), Output transfers (I) = A-E,
Input transfers (J) = B-F, Factor transfers (K) = C-G, Net transfers (L) = D-H or I-J-K
Valued at Private prices A= Pid * Qi B= Pjd * Qj C= Pnd * Qn D
Valued at Social prices E= Pib * Qi F= Pjb * Qj G= Pns * Qn H
Where: Pid = domestic price of output i
Pjd = domestic price of tradable input j
Pib = international price of output i
Pjb = international price of tradable input j
Pnd = market price of non-tradable input n
Pns = shadow price of non-tradable input n
Qi = quantity of output
Qj = quantity of tradable input.
Qn = quantity of non-tradable input.
The indicator in the first row of Table-1 provides a measure of private profitability (D), or
competitiveness, and is defined as the difference between observed revenue (A) and costs
(B+C). Private profitability demonstrates the competitiveness of the agricultural system,
given current technologies, prices for inputs and outputs, and policy interventions and
market failures. The second row of the matrix calculates the measure of social profitability
(H) defined as the difference between social revenue (E) and costs (F+G). Social
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profitability measures economic efficiency/ comparative advantage of the agricultural
system.
Ratio Indicators
The PAM framework can also be used to calculate important indicators for policy analysis.
The computation of the following measures will be established based on Appleyard (1987),
Salman and Martini (2000), Chaudhry and Kayani (1999):
a) Nominal Protection Coefficient on Output (NPCO)
This ratio shows the extent to which domestic prices for output differ from international
reference prices. If NPCO is greater than 1, the domestic farm gate price is greater than the
international price of output and thus the system receives protection. On the contrary, if
NPCO is less than 1, the system is disprotected by policy. NPCO is expressed as:
NPCO = (A)/(E) =( Pid * Qi)/( Pib * Qi )

(1)

b) Nominal Protection Coefficient on Input (NPCI)
This ratio shows how much domestic prices for tradable inputs differ from their social
prices. If NPCI exceeds 1, the domestic input cost is greater than the comparable world
prices and thus the system is taxed by policy. If NPCI is less than 1, the system is
subsidized by policy. Using the PAM framework, NPCI is derived as:
NPCI = (B)/(F) =( Pjd * Qj)/( Pjb * Qj)
(2)
c) Effective Protection Coefficient (EPC)
EPC is the ratio of value added in private prices (A-B) to value added in social prices (E-F).
An EPC value of greater than 1 suggests that government policies provide positive
incentives to producers, while values less than 1 indicate that producers are disprotected
through policy interventions on value added. EPC is expressed as:
EPC = (A-B)/(E-F) ={( Pid * Qi)-( Pjd * Qj)}/{( Pib * Qi)-( Pjb * Qj )} (3)
d) Domestic Resource Cost (DRC) Ratio
The DRC was brought into common use by Bruno (1972) specifically for the purpose of
measuring comparative advantage. According to Bruno (1972) and Krueger (1966 and
1972), the economic efficiency in domestic resource use of a commodity system can be
assessed by using this ratio. Since minimizing the DRC is equivalent to maximizing social
profits, if the DRC ratio is less than 1, the system uses domestic resources efficiently. If the
DRC ratio is greater than 1, then the system shows inefficiency in domestic resource use
and possesses a comparative disadvantage. The method of calculating the DRC ratio in the
PAM framework is given as:
DRC = (G)/(E-F) =( Pns * Qn)/{( Pib * Qi) –( Pjb * Qj)}

(4)

e) Private Cost Ratio (PCR)
PCR is the ratio of factor costs (C) to value added in private prices (A-B). This ratio
measures the competitiveness of a commodity system at the farm level. The system is
competitive if the PCR is less than 1. Using the PAM framework the PCR can be expressed
as:
PCR = (C)/(A-B) =(Pnd * Qn)/{( Pid * Qi)-(Pjd * Qj)}
Shadow Pricing for PAM Analysis
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(5)

 Land – Rental value of per unit of land is to be apply for calculating the shadow
price of land
 Labor – Market wage rate will be considered for shadow pricing because no
substantial market imprecations exist for agricultural laborers
 Working capital – Interest rate for working capital to be charged as the HIES 2010
 Fertilizers– International price will be taken adjusted to import parity
 Seed – Average price of the last three years from 2009 to 2011
 Electricity – the price of electricity paid to private firms as the shadow price or
actual price of the quick rental system
 Exchange rate – the shadow price would be equal to an average over the past three
months plus 2% as the exchange rate on the curb market is typically different than
the interbank rate by that amount.
Phase2: Assess the Impact of fertilizer subsidies on financial profitability and
production
This will be done by using two different approaches such as (1) by using the experimental
data from BRRI, and (2) by using farm-survey data collected in Phase 1.
Approach 1: Using experimental data from BRRI
We will conduct this exercise for Aus, Aman and Boro rice under both irrigated and rainfed
conditions for traditional and HYVs provided required data is available at BRRI. First step
is to find the yield maximizing level of fertilizer use. This can be achieved by modelling
rice yield response function of fertilizer use from experimental stations, i.e., from BRRI.
The modelling framework is as follows:
Let Y be the yield of rice per ha and x be the fertilizer use rate per ha. Assuming all other
inputs being equal, then the quadratic yield response function can be fitted as:
Y = α + βx + γx 2 + ε

(1)

Where α, β, and γ are the parameters to be estimated, and ε is the error term. Furthermore,
based on R-squared value, we can further experiment other forms of response function that
maximizes R-squared. The slope parameters, i.e., β and γ, provide the yield maximizing
response rate of fertilizer. Also, using Eq (1) we can compute the fertilizer use rate that
maximizes yield.
Next, by equating the value of these slope parameters with relative price of fertilizer (i.e.,
rice price/fertilizer price), we can find the optimal price of fertilizer (given that rice price is
fixed) that is capable of providing maximum yield of rice. This can be achieved by
simulating the ratio (keeping rice price constant) until it equates with the total value of the
slope parameters (i.e., β+γ) of the fertilizer response function. This exercise will provide the
level of subsidy that will require on fertilizer price to achieve maximum yield of rice.
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Approach 2: Using farm-survey data for rice crops only
A profit function approach will be adopted to examine the impact of fertilizer subsidies on
profitability of rice farming. A profit function has a duality relationship with the underlying
production function. An advantage of a profit function model is that it is specified as a
function of prices and fixed factors which are exogenous in nature and, therefore, are free
from possible endogeneity problem associated with a production function model.
Furthermore, we are interested in measuring responsiveness of farmers to changes in prices
of inputs and output as well as fixed factor endowments. Therefore, a profit function model
is more appropriate for this study. The basic assumption is that farm management decisions
can be described as static profit maximization.
The general form of the translog profit function, dropping the subscript for the farm,
is defined as:
4

4

4

4

4

ln π ' = α 0 + ∑ α i ln P 'i + 12 ∑∑ γ ih ln P 'i ln P ' h + ∑∑ δ ik ln P'i ln Z k
i =1

4

i =1 h =1
4
4

i =1 k =1

+ ∑ β k ln Z k + 12 ∑∑ θ kj ln Z k ln Z j + ε
k =1

(1)

k =1 j =1

where
π’
= restricted profit (total revenue less total cost of variable inputs) normalized by
price of output (Py),
P’i
= price of the ith input (Pi) normalized by the output price (Py),
i
= 1, fertilizer price (taka kg-1)
= 2, labour wage (taka day-1)
= 3, animal power price (taka animal pair-days-1)
= 4, seed price (taka kg-1)
Zk
= quantity of fixed input,
k
= 1, area under wheat (ha farm-1)
= 2, irrigation (taka farm-1)
= 3, land suitability (index number farm-1)
= 4, other environmental constraints (index number farm-1)
ε
= random error
ln
= natural logarithm
α0, αi, γih, βk, δik, and θkj, are the parameters to be estimated.
The corresponding factor share equations are expressed as,
4
4
PX
∂ ln π '
Si = − i i =
= α i + ∑ γ ih ln P' h + ∑ δ ik ln Z k
(2)
π'
∂ ln P'i
h =1
k =1
4
4
4
4
4
Py X y
∂ ln π '
=1 +
=1 + ∑ α i + ∑ ∑ γ ih ln P' h + ∑∑ δ ik ln Z k
(3)
Sy =
∂ ln Py
π'
i =1 h =1
i =1 k =1
i =1
where Si is the share of ith variable input, Sy is the share of output, Xi denotes the quantity of
input i and Y is the level of rice output. Since the variable input and output shares form a
singular system of equations (by definition Sy - ΣSi = 1), one of the share equations, the
output share, is dropped and the profit function and four variable input share equations are
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estimated jointly using Seemingly Unrelated Regression Estimation (SURE) procedure. The
joint estimation of the profit function together with factor share equations ensures consistent
parameter estimates (Sidhu and Baanante, 1981).
A range of input and output price elasticities can be computed from the results of the profit
function (for details see Sidhu and Baanante, 1981) which can then be used to simulate
policy analysis. Since the TOR is interested in only fertilizer and output price subsidies, we
will consider 3 policy alternatives: two single instrument policies (fertilizer price and output
price); and one two-instrument combinations (both fertilizer price and output price). For
analysis, we can consider the effect of a 10, 15 and 20 percent reduction in fertilizer prices and
a 10, 15 and 20 percent increase in output prices (output subsidy) both individually and in
combination.
The procedure used to calculate the cost-effectiveness of the policy alternatives is detailed in
Puapanichya and Panayotou (1985) and Rahman (1998). First, based on the elasticity estimates
obtained from the profit function analyses, the percentage change in input use and crop
production as a result of these subsidies will be calculated. Second, using these percentages
and the estimated input and production data of the sample, the absolute change in input use and
crop production will be calculated on a per hectare basis. These can be then converted to costs
and values by using the corresponding post-subsidy prices. The difference between the change
in value and the change in costs is the benefit to the farmers from the subsidy-induced increase
of production. In order to estimate the total net benefit to the farmers from the subsidy, the
savings in input cost and increase in output value from the pre-subsidy level of production will
be added.
Next step is to calculate the cost of subsidy to the government which equals the unit output
subsidy multiplied by the post subsidy output level plus the unit subsidy multiplied by the post
subsidy input use. Finally, the difference between the total benefit to the farmers and the cost
to the government yields the net social benefit of the subsidy. The various policy alternatives
can then be ranked according to the ratio of their net social benefit to their cost on a per hectare
basis.

Phase 3: Agricultural land use change and its socio-economic determinants
In this phase, we will use time-series data of cropped areas of listed crops for all regions
covering the period 2000–2008 which is recorded in BBS Statistical Yearbooks. The
following sets of analysis will be conducted. First, it will estimate the rate of change of
individual crop area over time. Next, it will identify the determinants of land use of each
crop over time.
To achieve the first task, the study will compute growth rate of area cultivated for individual
crop using semi-log trend function as follows:
ln Ait = α 0 + βTit + ε it (1) .
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Where A is the area cultivated by the ith crop (i = 1, 2, … n) in time t (t = 2000, … 2008), T
is time and β is the growth rate (average annual compound growth rate), ln is the natural
logarithm.
Next it will identify the factors that determine the observed area allocated to individual
crops over time in each region. The range of determinants will include both price and nonprice factors.
The underlying theoretical assumption is that individual farmers are rational and attempt to
maximize their production by allocating optimum amount of land under each crop. And
these profit maximizing farmers made such a decision based on a host of price and nonprice factors.
The observed area cultivated for an individual crop in a given region at a given time is the
aggregate response to all the farmers of that area. The reduced form model can be specified
as follows:
m

l

j =1

k =1

S it = α 0 + ∑ δ j Pijt + ∑ λ k Z ikt + ε it

(2)

Where S is the share of ith cropped area in gross cropped area (GCA) in time t in a given
region; P is a vector of j prices (average annual harvest price) including own crop price as
well as prices of its close substitutes; Z is a vector of non-price factors. The potential
variables under consideration are, land-person ratio (i.e., GCA per capita), population
density, cropping intensity, share of irrigated area, total rainfall, mean temperature,
infrastructure (proxied by road length per ha of GCA), mean education level, etc.

5. Preliminary findings and discussion
In this stage of research, the primary data entry is progressing using the data entry template.
So, there is no scope to show any findings without analyzing the data,
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1. Introduction (1-2 pages)
Groundwater is becoming the most essential input for increasing crop production as well as for
the sustainable agricultural development. Availability of groundwater for irrigation has
contributed to manifold increases in crop productivity in Bangladesh. Increasing populations,
food insecurity, growing economies and poor water management are putting unprecedented
pressure on the world’s freshwater resources (UNCSD, 2012). Groundwater irrigation has
probably been the most dramatic development in Bangladesh agriculture during the past 25
years. The groundwater development project in Dinajpur district under northwest region was
initiated in 1962 with installation of 381 deep tubewells (DTWs). Study documented that, there
were 1378 DTWs, about 40,331 shallow tubewells (STWs) and 66,400 hand tubewells (HTWs)
under operation by different user groups (BWDB, 2005), but failed to bring all cultivable lands
under irrigation. In 2004, 6,047 DTWs, 70,000 STWs and other mode of irrigation were used in
the area, which covers almost 57% of the total irrigable area (BMDA, 2006). The remaining 43%
of the irrigable area was planned to cover under DTWs installation project named Groundwater
Model Study for DTW Installation Project in Barind area. In the recent years, Barind Multipurpose
Development Authority (BMDA) has installed more than 10,000 deep tubewell in Barind area of
northwest region. In addition, quite a large number of STW have been installed in this region by
private initiatives (Ahmad et al., 2008).
Study found that the contribution of groundwater has increased from 41% in 1982-83 to 77% in
2006-07 and surface water has declined accordingly. The ratio of groundwater to surface water
use is much higher in northwestern districts of Bangladesh compared to other parts of the
country. All the rivers and cannels of the area dry up during the dry season and make the people
completely dependent on groundwater (Shahid 2008; Shahid and Behrawan 2008). The
northwest region of Bangladesh broadly covers the whole Rajshahi and Rangpur Division
consisting of 16 districts with a total cultivable area of about 1.45 million acres. BMDA has been
operating about 13,000 DTWs together with other STWs (about 1,34,884) to provide irrigation
facilities in the region. As per BMDA , the ground water level declined substantially during the
last decade causing threat to the sustainability of water use for irrigation in the region and
impacting upon other sectors too (Jahan et al., 2010). Due to lack of proper knowledge,
indiscriminate installation of pumps and non-availability of modern technologies, farmers
inappropriately lift water without caring ground sources. These impacts upon interlinked sources
of water table which is declining alarmingly in many areas of Bangladesh. Although the ground
water dominates the total irrigated area, its sustainability is at risk in terms of quantity in the
northwest region (Simonovic, 1997; Shahid 2011). Frequent shortage of water in the region has
had impacts that can be ranged as economical, social and environmental (Takara and Ikebuchi,
1997; Sajjan et al., 2002).
A recent study shows that groundwater level in some areas falls between 5-10 m in dry season
and most of the tubewells fail to lift sufficient water (Dey and Ali, 2010). Researchers and
policymakers are advocating sustainable development as the best approach to today’s and future
water problems (Loucks, 2000; Anthony and Chan, 2008; Cai X et al., 2001). With groundwater
development, fluctuations will amplify; but as long as rainfall is managed to recharge aquifers,
and proactive water saving strategies are put in place, a steady and sustainable state can be
achieved (IWMI, 2010). In mainstream irrigation thinking, groundwater recharge is considered as
a by-product of flow irrigation, but in today’s world, groundwater recharge needs to be
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understood on its first emergency for making groundwater sustainable integrating all possible
options (IWMI, 2010).
Thus groundwater use for irrigation has become increasingly important although cost of
irrigation increased substantially. Cost effectiveness of using irrigation water for different crops
in different regions needs to be examined so that the appropriate crops in terms of profitability
may be grown in different locations. As per report of the International Rice Research Institute,
irrigation efficiency in Bangladesh is the lowest in the region, where the cost of irrigation is
$117.60 per hectare compared to $25.58 in India, $17.94 in Thailand and $17.98 in Vietnam (The
Daily Star, 2008). Earlier studies have also revealed that if water is managed properly,
Bangladesh can save additional amount of money equivalent to one-sixth of the total Bangladesh
Budget for the Fiscal Year of 2003-04 (USD 8,962 million) (Dey et al., 2006a) and also similar to
the ADP budget of Bangladesh for FY 2009-10 (USD 4072 million). In most cases farmers do not
know the actual amount of water necessary to fulfill the crop water requirement. Very
conventionally, rice farmers everywhere have the tendency of keeping continuous standing
water in rice fields which has three fold effects, e.g. wastage of the scarce and vital water
resource, increased irrigation cost, and uplifting excess underground water causing
environmental degradation (Alam et al., 2009). Earlier studies on water management practices
for rice production indicated that application of irrigation water after three days on disappearing
of standing water did not reduce rice yield in Boro season (Kasem, 2006). Although rapid
expansion of the irrigated area has taken place over the last two decades, poor performance and
low water use efficiency are still prevalent in the existing system (Dey et al., 2006b).
Groundwater sustainability needs to not only focus on the ability of the resource to produce key
environmental services, also on the economic costs and impacts of equitable access that arises
from reduced groundwater availability (FAO, 2003; Alan et al., 2007).
Finding sustainable solutions for water problems is a joint obligation for science and policy.
Ecosystems and their groundwater interactions are often omitted from decision-making leading
to a lack of investment in ecosystems, as well as depletion and degradation of groundwater
resulting to a loss of economic value (Emerton and Bos, 2004). The Groundwater Conservation
Advisory Council (GWCAC) held a Groundwater Sustainability Workshop on March 26, 2007 to
bring together recognized experts in the sectors of environmental integrity, economic
development and social equity to develop a working set of indicators and criteria. The developed
indicators and criteria would be used in this study for evaluation of sustainability of groundwater
in the Northwest region of Bangladesh.
However, taking into consideration of the above facts this study would use the latest technology
like remote sensing for monitoring agricultural crops, cropping pattern, land use, assess crop
growth, estimate evapotranspiration (ET), predict yield, and correlate them with sustainability of
groundwater. Integrating real time information on land use pattern and local microclimate can
be useful for estimating actual water requirement of crop (Dey, 2006b). Recent approaches use
remote sensing data to directly calculate ET at basin scale by solving energy balance equations
such as, SEBAL-Surface Energy Balance Algorithm for Land (Bastiaanssen, 1998), SEBS-Surface
Energy Balance System (Su, 2002), RESP-Regional ET through Surface Energy Partitioning etc. In a
recent study, Islam et al. (2010) used SEBAL algorithm to calculate crop water deficit of wheat in
the greater Dinajpur district of Bangladesh. Thus ET estimation would further indicate the level
of excess water use in the crop field. In this perspective, it is assumed that, through improving
the irrigation water management practices at farm level, the level of excess water use would
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reduce substantially which will eventually help to maintain the sustainability of groundwater
availability in the study region. Studies on prescribing the proper way of groundwater use
enabling water table not declining abruptly are indeed rare. The present study would attempt to
assess the sustainability of groundwater using some vital indicators which were not applied in
any earlier studies.
This study therefore, would be able to dig into the issues relating sustainability of groundwater
use for irrigation that helps to continue crop production without much hampering the
preservation of groundwater. This study will be immensely useful for the researchers,
development workers and policy makers in a greater perspective.
The specific objectives of the research project are:



To quantitatively assess the trends in water table depths and crop areas in the
designated study area for the past 20-30 years.



To estimate the financial and economic profitability of different crops along with
likely changes over time due to declining water tables.



To recommend policies for sustainable use of irrigation water in northwestern
Bangladesh.

In addition, we plan to work on the following objective:



To estimate economic cost of excess water lifted for irrigation

2. Key expected outputs and research questions
Research questions
i.
What is the trend of groundwater table depth in the designated study area during the
past 30 years and in the dry season, in which area groundwater (GW) will decline in near
future?
ii. How change in surface water and precipitation contributes to groundwater over time?
iii. What is the trend of crop areas in the designated study area during the past 30 years
and what will be in near future?
iv. Is there any correlation between trend in groundwater table depth and crop
area/cropping pattern in the designated study area?
v. What is the level of financial and economic profitability of different crops along with
likely changes over the next 30 years due to declining water tables?
vi. What is the actual crop water requirement i.e. ET in each specific area?
vii. What is the amount of groundwater lifted and the economic cost of excess water lifted
for irrigation?
viii. What is the public knowledge about groundwater resources and irrigation management
practice?
ix. What are the policies that the government has taken and what efficient policy will be
suggested by this project for sustainable use of irrigation water in northwestern
Bangladesh?
Expected outputs
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i.

Through literature review, it is possible to discover what research has already been
conducted in the study areas. Besides, review of literature has explore whether
research questions have already been answered by other researcher.
ii. Through analyzing data on depth of groundwater table during the past 30 years, we can
determine present and predict near future scenario.
iii. By analyzing river flow data and climatic data, correlation between groundwater,
surface water and precipitation could be developed.
iv. Through analyzing 10 major crop area and production data in the designated study area
during the past 30 years, we can determine present and predict near future scenario.
v. By GIS map will also identify the affected areas regarding GW declined fastest and major
crop area changing pattern.
vi. By analyzing secondary and primary data, financial and economic profitability of
different crops over time will be clearly depicted.
vii. Clear understanding of the simulation of time path on financial and economic
profitability for the next 20 years for major crops studied.
viii. Suitable cropping patterns in the sample districts will be delineated.
ix. Assessing secondary and primary data, we can understand public knowledge about
irrigation practice.
x. Additional cost for lifting excess irrigation water will be estimated. Remote sensing (RS)
information of boro crop will be used in estimating crop ET followed by excess irrigation
water.
xi. Effective policies for promoting sustainable use of irrigation water in northwestern
Bangladesh will be suggested.
3. Literature review (5-10 pages)
Physiography, geology and hydrology of study area
Barind tract which is an uplifted land formed over the Madhupur Clay (an older alluvium of
Pleistocene age). Tectonically, the study area is in the stable shelf region of the Bengal Basin. The
elevation of the area above sea level ranges from a minimum of 14 m to a maximum of 45 m
(Matin, 1989). The Barind area is covered by 3.0-47.5 m thick semi-impervious clay-silt layer of
Recent-Pleistocene age. The average annual minimum and maximum groundwater level
elevation was observed at 0.24 m and 25.45 m respectively from the mean sea level. A significant
relationship between the water level fluctuation and amount of rainfall was obtained. The
gradual fall of water level during April-May for the studied years indicates that more water was
being withdrawn in the area than the aquifer could sustain. The water level, however, recovers
during the successive wet season, indicating the fact that the groundwater level is monitoring a
dynamic equilibrium (Haque et al. 2009).
Different studies also identified that groundwater system of the study are is composed of four
components. The upper part of the subsurface (known as the Upper clay) is an aquitard
consisting of clay and silt of the Pleistocene Modhupur Clay with an average thickness of 20 m
(Matin, 1989). Immediately below the Upper Clay at the top of the main aquifer lies a sequence
of fine sand, in places interbedded with medium sand and thin layers of clay, known as the
composite aquifer, it is 3-10 m thick. Beneath the composite aquifer medium to coarse sandy
sediments with gravel form the main aquifer which is 15-25 m thick. The main aquifer, in turn, is

62

underlain by an aquitard of clay deposit (Ahmed, 1996). Hydrogeologically, the area covered by
semi-impervious clay-silt aquitard of Recent-Pleistocene period (thickness 3.0-47.5 m) is
characterized by single to multiple layered (two-four) aquifer system of Plio-Pleistocene age
(thickness 5.0-42.5 m) (Jahan et al., December 2007). The surface geology includes Holocene
Piedmont Deposits in the northwestern part of the region, Holocene instream Deposits and the
Madhupur Clays of the Barind areas in the central and south western part of the region. On a
regional basis, following three aquifers have been identified (UNDP-BWDB, 1982).
An upper layer composed of silts and clays, which acts as semi-confining layer. The thickness of
this layer is variable but does not exceed 10 m in the majority of the region. Although the
thickness is locally in excess of 20 m in high Barind area and 50 m in the southern part of
Dinajpur district. A gradual thickening of the layer occurs towards the southern part of the region
where maximum thickness ranges from 10 to 20 m.
A composite aquifer, which is composed of very fine to fine sands and which overlies the main
aquifer. Its thickness varies from only one meter in the northwest to over 30 m in the Atrai basin.
The composite aquifer is a major source for village water supply wells and for hand tube wells.
Main aquifer, which is composed of medium to coarse sands and which has excellent water
transmitting properties. The exploited thickness of the aquifer ranges from less than 10 m in
parts of Bogra district to over 60 m in the northwest. Aquifer conditions are found to be good in
most parts of the Teesta, Brahmaputra-Jamuna and Ganges river floodplains and on the Old
Himalayan Piedmont plain. Potential aquifers are not found in high Barind area. Based on
pumping tests, the transmissibility of the main aquifer ranges from 300 to 4,000 sq. m/day.
Highest transmissibilities are common adjacent to the area of Brahmaputra-Jamuna river and
lowest transmissibility’s are common in high Barind area.
In the study by Ahmed (1996) found that the depth to groundwater level is usually lowest in
October and highest in May. During the monsoon period the aquifer seems to completely
recover the decline that takes place in the dry season. There is no discrimination fall in the water
level over the years. The yearly groundwater level fluctuation varies from 4.23m to 6.26m
without showing any trend. A linear regression between the annual water level fluctuation and
rainfall has received that there exists statistically significant relationship. The recharge of water
level varies directly with the amount of rainfall. This response is strong with an r²=0.97. However,
the groundwater level responds favorable only after first 2 months’ precipitation has already
been accumulated. Finally, the fact that the aquifer is in a state of dynamic equilibrium, further
development can be undertaken to meet the irrigation demand of the study area where about
80% of the cultivable land practically lay barren in the dry season.
The aquifer characteristics of the area reveal: (a) lower values of T (<500 m2/day) in the smaller
central part, suitable for domestic water supply, and (b) medium (500-1000 m2/day) and higher
(>1000m2/day) T values in the rest part suitable for irrigation and domestic needs (Pitman, 1981).
Highly transmissible aquifer material indicates excellent opportunity for groundwater
development. In northwest region (NW), the lower two aquifers are probably hydraulically
interconnected. The main aquifer, in most of the area, is either semi-confined or leaky or consists
of stratified, interconnected, unconfined water-bearing zones which are subject to delayed
drainage. Recharge to the aquifer is predominantly derived from deep percolation of rain and
flood water. Lateral contribution from rivers comprises only a small percentage (0.04%) of total
potential recharge ((MPO, 1987). The infiltration rate is low in upper clay-silt aquitard part (1-2
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mm/day) (UNDP, 1992). The infiltration rate of the soil of this region (i.e. the High Barind) are
1.5 mm/d for wetland and 7.5 mm/d dryland (Sir MacDonald & Partners, 1983).
In the study Jahan et al. (2010) stated that due to short monsoon period and poor water holding
capacity of soil, moisture depletion starts from late October and there exists no available soil
moisture by the end of December in the area. With the cessation of rainfall the major source for
recharging groundwater also gradually stops and about 24% of the annual recharge water is lost
by discharge into the khals, streams, low-lying areas and rivers to evapo-transpiration and other
uses before the irrigation seasons starts resulting scarcity of groundwater in the area (BWDB,
1989). Low Barind areas have different depth of standing-water from July to October indicating
favorable conditions for the recharge to groundwater and in some areas (<1%) groundwater level
merges with surface water level indicating no room for recharge to groundwater (Karim, 1987).
Study conducted by IWM (2006) found that the abstraction of groundwater for irrigation
requirement is higher than the recharge, causing constrains for Boro paddy cultivation, but the
southern part (Chapai-Nawabganj and Rajshahi district) has suitability for further groundwater
development to meet the requirement for Boro paddy cultivation. However, in other areas of
Bangladesh, effective management strategy for sustainable use of groundwater resources needs
to be developed considering the above aspects. Studies also have noted that careful
management can avoid problems in over exploitation of resources and environmental
degradation of this area (Emaduddin et al. 2008). Besides, distributing the water in right time in
right amount or flow adjustment is the prime issue of concern for minimizing the impact of global
environment change. Regional cooperation can guarantee a sustained future in terms of water
availability since the basin areas of the river systems is dissected by international boundaries. In
this regard, application of Decision Support System (DSS) is necessary for facilitating regional
cooperation by integrating different agencies and stake holders in the country as well as
integrating different countries in the basin level. Besides, DSS can generate an environment of
cooperation by simulating different water management strategies in the basin level and provide
support for allowing various international groups and scientist to interact. However,
development of mutual trust, goodwill and minimizing differences in perception is pre-requisite
for such regional cooperation. A strong political commitment supported by adequate
institutional arrangement is required in this regard.
Irrigation water management
Groundwater is the main source of irrigation in Boro rice field. About 75% water for irrigation in
the region comes from groundwater (Bari and Anwar 2000). According to a recent BADC survey
(BADC, 2002), the ratio of surface water and groundwater use for total irrigated agriculture has
been changed drastically in last two decades in Bangladesh. The contribution of groundwater has
increased from 41% in 1982/1983 to 75% in 2001/2002 and surface water has declined
accordingly. The ratio of groundwater to surface water use is much higher in northwestern
districts of Bangladesh compared to other parts of the country. Cross-country anthropogenic
activities caused a severe negative impact on water resources and eco-systems of northwestern
Bangladesh in the recent years. All the rivers and cannels of the area dry up during the dry
season and make the people completely dependent on groundwater (Shahid 2008; Shahid and
Behrawan 2008; Dey et al. 2011). Recent declination of groundwater level during dry season in
northwest Bangladesh has posed a major threat in irrigated agriculture system. Drought is a
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common phenomenon in the region (Shahid 2008; Shahid and Behrawan 2008). In last 40 years
the area suffered eight droughts of major magnitude (Paul 1998). Recurrent droughts and
availability of irrigation equipments have made the people depended on groundwater as a
source of irrigation. During the period 1980–2000, groundwater irrigation coverage rose from 6%
to 75% in Bangladesh (BADC 2002). Ever ncreasing ground water extraction for irrigation and no
increase in rainfall have caused the ground water level falls to the extent of not getting fully
replenished in the recharge season causing overdraft in northwest Bangladesh (GoB 2002). The
problem is becoming progressively more acute with the growth of population and extension of
irrigated agriculture.
From a study Al Mamunul et al. (2012) found that total abstraction of groundwater (15000
million litres/year) is lower than total recharge of aquifer. But shortage of groundwater only in
vicinity of River Padma (1000 million litre/year) in dry season results from lowering of water
level. As groundwater abstraction is increasing every year to meet the demand, so suitable
measures are necessary to preserve aquifer potentiality. Study suggested that, a comprehensive
water law should be formulated for proper conservation and maintaining sustainable use of
groundwater resource in RCC area. In this context, conjunctive use of Padma River water should
be promoted.
Dey et al. (2006) studied the economic benefits that the country can achieve if improved
irrigation management is followed in Bangladesh. The study also documented that proper
irrigation water management means that water should arrive at the right place, at the right time,
with the required volume and with minimum loss. Proper irrigation water management may
allow irrigation of additional land with the same volume of water and provide a remarkable
increase in crop yield. The increased crop yields may contribute to the reduction in hunger and
poverty in rural Bangladesh. Study identified some defects were in the irrigation water
management system, which are possible to eliminate through taking up various effective
measures. A quantitative assessment has been done based on savings to be acquired as a result
of eliminations of the defects. An additional amount of US$140 million may be saved from
improved irrigation and water management practices, US$543 million from elimination of the
present system loss of water and US$155 million by providing supplementary irrigation in the
Aman (dry) season. An amount of US$108 million may be saved by enhancing mechanical
efficiency of the diesel driven irrigation equipment through proper operation and in time repair
and maintenance, US$362 million through proper conservation of water in khal (local drainage
channel), beel (small water bodies), haor (comparatively larger water bodies) and pond and
US$38 million by controlling unplanned installation of irrigation equipment. The Government of
Bangladesh is to spend only an amount of about US$1.74 million for successful implementation
of proper irrigation and other management activities, when in total an amount of about
US$1,344.26 million may be thus saved and added annually in the economy of Bangladesh. The
amount thus saved is about one-fifth of the total Bangladesh Budget for the Fiscal Year of
2002/03 (US$7,570 million) and about one-sixth of the total Bangladesh Budget for the Fiscal
Year of 2003/04 (US$8,962 million). The assessment of economic benefits was done using some
assumptions and perceptions that were taken from various studies. So, the computed economic
benefits may be achievable only if the Government of Bangladesh formulates policies and
guidelines and develops proper workforce and management structure to implement the water
management practices proposed. The assessment gives a clear indication that Bangladesh, at
least, can achieve some portion of economic benefit, shown through the calculations in this
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article. Of course, proper irrigation management practices must be maintained and the
Government of Bangladesh should take proper steps, like those mentioned in this article for the
implementation of these activities.
A study conducted by Droogersa et al. (2010) stated that water managers and policy makers
need accurate estimates of real (actual) irrigation applications for effective monitoring of
irrigation and efficient irrigation management. Study also identified three main strategies by
which agricultural water management can deal with these large trade-offs: (a) improving water
management practices on agricultural lands, (b) better linkage with management of downstream
aquatic ecosystems, and (c) paying more attention to how water can be managed to create
multifunctional agro-ecosystems. Study suggested if ecological landscape processes are better
understood, and the values of ecosystem services other than food production are also
recognized. Shaki and Adeloye (2006) observed that the continued water withdrawal from the
aquifer system over the last three decades has resulted to significant lowering of the ground
water table. The result of the analysis shows that there is scope for significant improvement in
the efficiency of water utilization, which if achieved should enhance the overall sustainability of
groundwater use.
In the study conducted by Wahid et al. (2007) showed that the economically attractive highyielding variety (HYV) Boro (dry season) rice cultivation during the groundwater irrigation season
may not be sustained in large parts of the project area (Teesta Barrage Project in Bangladesh), if
the current trends in abstraction are continued. However, due to spatial variation in abstraction,
nine thanas (sub-districts) out of a total of 21 in the project area may still be able to expand
groundwater-irrigated cropland and a groundwater use potential of 40 mm/year may be created
if deep-set shallow tubewells are used by the farmers to abstract groundwater. A structured
approach, based on zoning of potential areas, is recommended for groundwater development
and use. Wichelns and Oster (2006) found that farmers and public officials must determine
acceptable levels of the direct and indirect costs involved in sustaining irrigated agriculture. The
environmental costs of irrigation and drainage have increased over time, leading some observers
to suggest that irrigation should be discontinued in some areas and water should be re-allocated
to non-agricultural uses. Here recommended that regarding sustainability is shared by other
authors: Irrigation is sustainable, but the direct costs and environmental impacts can be
substantial.

Climatic Variability
Adham et al. (2010) analyzed that meteorological parameters in the northwest region of
Bangladesh has shown a notable increase in the annual rainfall with decreased PET, ETcrop and
NIR in the southern part of the area. But, the northern part has shown a reverse impact as
rainfall has been on a declining trend, consequently depending more on groundwater resulting in
a depleted trend in the groundwater table levels. While the northern part has become a semiarid zone, the southern part has been a “humid” zone. Proper groundwater management with
concern over ecological balance is warranted.
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Three distinct seasons can be recognized in area from climatic point of view: (1) the dry winter
season from December to February, (2) the pre-monsoon hot summer season from March to
May, and (3) the rainy monsoon season which lasts from June to October (Rashid 1991).
Climatically, the study area belongs to dry humid zone with annual average rainfall vary between
1,400 and 1,900 mm. The seasonal distribution of rainfall shows that almost 92.7% rainfall occurs
during May to October. Less than 6% rainfall occurs during the irrigation period of Boro rice
(January to April). The rainfall also varies widely from year to year. Annual variability of nonmonsoon rainfall in the area ismore than 50% (Shahid 2008). Temperature in the region ranges
from 250C to 400C in the hottest season and 8◦C to 25◦C in the coolest season. In an another
study Reza and Mazumder (2005) observed that the maximum and minimum elevations of
groundwater table contour maps that groundwater has been flowing out to the east, west,
north-west and south from central part of the study area. Hydrograph analysis indicates a
significant direct relationship between rainfall and groundwater level fluctuation. The Barind
region is now in an acute state of deforestation as a result of the scarcity of surface water
sources and low rainfall. In an another study, Shahid (2011) showed that there will be no
appreciable changes in total irrigation water requirement due to climate change. However, there
will be an increase in daily use of water for irrigation. As groundwater is the main source of
irrigation in northwest Bangladesh, higher daily pumping rate in dry season may aggravate the
situation of groundwater scarcity in the region. To attain sustainable groundwater use, it is

necessary to go for an action plan such as groundwater recharge using various structural
and non-structural measures, use of drought tolerant crop variety, crop rotation or
cropping pattern change, improvement of technical performances of existing
technologies, introduction of appropriate technologies, social interventions such as
awareness development etc.
Financial and economic profitability

Several studies on the responsiveness of crop production to price change are available for
Bangladesh. Conceptually, a country has a comparative advantage in producing a crop, if the
social opportunity cost of producing the crop in the country is lower than its international price.
Using the concept of social profitability as applied in cost-benefit analysis, social profitability of a
crop is given by its shadow price (Chenery, 1961). Since the shadow price of tradable good (e.g.
rice or jute) is its international price, social profitability of a crop is the amount of foreign
exchange that can be saved while the country is the net importer. The estimation of net
economic returns is one way of looking at the comparative advantage, that is, in terms of
resource use efficiency and land allocation. Shahabuddin et al (2002) made an assessment of
profitability and domestic cost ratio for rice in Bangladesh which revealed that, the country has a
comparative advantage in rice production except for the upland aus crop and the deep water
Aman rice . So, diversification of non-rice economic activities for both uplands and extreme low
lands is socially justified. The comparative advantage in cultivation of modern varieties is higher
for wet season Aman rice, which is relatively low input intensive than for dry season boro rice.
To assess the comparative advantage, a better measure seems to be the domestic resource cost
(DRC). DRC compares the opportunity costs of domestic resources for production with the value
added that they generate. In Bangladesh, for 1994-95 to 1996-97, Shahbuddin (2000) estimated
the DRC ratio at the export parity price at 0.80 for rain-fed Aman and 0.99 for irrigated Boro rice.
At the import parity price, the estimates are 0.48 and 0.75 respectively. Kikuchi et al (2000)
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estimated the DRC ratio for Sri Lanka for 1996 at the import parity price at 0.96 for rain-fed rice
and 0.96 for irrigated rice. Estudilo et al (1999) estimated the ratio for the Philippines for 1995 at
1.59 at the import parity price. The study for the Philippines and Sri Lanka show deterioration in
comparative advantage since the mid-1980s with the slowing down of technological progress and
a large increase in the opportunity cost of labour. But India and Bangladesh experienced an
improvement in comparative advantage during this period. The numbers showed that, India had
a better ratio than Sri Lanka and the Philippines, but almost the same ratio as in Bangladesh
(Bagchi and Hossain, 2002).
In a recent study Rashid et al (2009) analysed the DRC ratio for Bangladesh rice and few other
crops. The study revealed that the domestic to border price ratio of rice was less than unity for
most of the years both at import and export parity and was significantly negative, indicating that
domestic rice production was taxed and consumers were subsidized. Talukder (2005) in his study
found that, production of aromatic and fine rice was profitable both from financial and economic
point of view. All the aromatic and fine rice varieties had positive net returns and favourable
benefit-cost ratios. The economic profitability analysis showed that all the aromatic and fine rice
had comparative advantage in production as import substitute. In export promotion, almost all
aromatic varieties had comparative advantage. This finding would lend support to the arguments
for production of selected aromatic and fine rice both for export and import substitution.
Despite substantial works done in this area in the past, there is a need for conducting another
study. The reasons are as follows:
 During the previous years prices of the subjected commodities were low. In contrast, food
prices have gone up in the international market.
 Because of the conversion of agricultural land into non-agricultural uses, land rent in
Bangladesh has been increasing. Increased input costs including fertilizers, labour and agrochemicals are causing highe r cost of production.
 In fact, major technological change has taken place in Bangladesh, and due to that, the
coefficients pertinent to assessment of comparative advantages are likely to have been
changed.

Evapotranspiration (ET)
Accurate estimation of actual evapotranspiration is essential for effective local or regional water
management. At a local scale, ET estimates can be made accurately considering a soil–plantatmospheric system, if adequate meteorological-ground data or ET measurements are available
(Ramos et al. 2009). The FAO-56-Penman-Monteith methodology is applied under soil water
stress conditions and the actual evapotransporation of cotton is estimated. This methodology
utilizes the daily meteorological measurements of every experimental site, as well as soil and
crop data. Comparison results of either the measured and simulated soil measurements or the
cumulative evapotranspiration over specific period, show that the FAO-56 methodology
describes satisfactory the response of cotton to soil water deficits (Kotsopoulos et al. 2003).
Irrigation agriculture is the main water consumer in this region. Therefore, policy directives are
calling for tools to aid operational monitoring in planning, control and charging of irrigation
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water. Using Landsat imagery, this study evaluates the utility of a process that measures the level
of water use in an irrigated area of the state of Ceara´. The ET was estimated with the model
Mapping Evapotranspiration at High Resolution and with Internalized Calibration (METRIC). The
model uses the residual of the energy balance equation to estimate ET for each pixel in the
image. The results were then compared against the monthly accumulated flow rates for all the
pumping stations provided by the district manager. Finally, this work discusses the potential use
of the model as an alternative method to calculate water consumption in irrigated agriculture
and the implications for water resource management in irrigated perimeters (Folhes et al. 2009).
From another study of Immerzeel et al. (2008), it was found that calibrated model was used to
derive a monthly basin water balance and to assess crop water productivity and crop water use
for the irrigation year 2004– 2005. Here recommended that improvements in water productivity
may however be achieved by shifting the crop base from sugarcane to a dual crop and
introducing a fallow period from March to May or by converting non-productive rangelands to
bio fuel production or other agricultural land uses.
From the study of Karim et al. (2009), it was revealed that ETc of different varieties of boro rice
varied in different growing stages and total growing season due to variation of crop coefficient
and reference crop evapotranspiration for variation of climate, length of growing stages, seedling
times and length of total growing season. ETc of BR3 and BR14 varied from 483.64 to 658.63 mm
and 438.76 to 572.17 mm in Dhaka district and 448.32 to 608.44 mm and 406.76 to 524.36 mm
in Mymenshing district. Actual crop evapotransporation of different varieties of boro rice
decreased/significantly decreased and decresed by 77.58 and 67.36 mm in Dhaka district and
104.19 and 55.01 mm in Mymensingh district due to changes of climate during 1976 to 2005 and
1983 to 2005. The results also revealed that climate change affect actual crop evapotranspiration
of different varieties of boro rice crop and play useful role in sustainable irrigation water
resources management in North Central hydrological region of Bangladesh. Rashid et al. (2009)
found that in the Barind area under Rajshahi district of Bangladesh, on an average, the
evapotranspiration rate was 5.1 mm/day and the seepage and percolation (S & P) rate was 4.2
mm/day in Boro season. These two values demonstrated that 55% of the applied water was
needed for ET and the rest 45% is lost from the field as seepage and percolation. Irrespective of
seasons and years around 50% of the irrigation water is needed for ET and the rest 50% is lost
through S & P annually from the double cropped rice fields. The water productivity was 0.58
kg/m3 of water in Boro season and 0.49 kg/m3 in T. Aman season. The relative water supply
(supply: demand) was 1.15 and 0.90 in Boro and T. Aman seasons respectively.
Li et al. (2008) observed that the continuing increase of ET leads to a peaking and subsequent
decline of CWP (crop water productivity) which suggests that the higher water consumption does
not necessarily lead to a higher yield. Payero et al. (2008) stated that quantifying the local crop
response to irrigation is important for establishing adequate irrigation management strategies.
Found that the dry mass of the plant and that of each plant component tended to increase with
seasonal ETc. The good relationships obtained in the study between crop performance indicators
and seasonal ETc demonstrate that accurate estimates of ETcon a daily and seasonal basis can be
valuable for making tactical in-season irrigation management decisions and for strategic
irrigation planning and management.
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Policy for groundwater use
The government policies that have direct relevance with use of groundwater are mainly the
National Water Policy (NWPo) and National Agricultural Policy (NAP). In the context of use of
water, the objectives of the NWPo are to promote agricultural growth through private
development of groundwater along with surface water development, where feasible. The main
elements of Government policy for use of water are to (i) encourage and promote continued
development of minor irrigation without affecting drinking water supplies, (ii) encourage future
groundwater development for irrigation by both the public and the private sectors, (iii) improve
resource utilization through conjunctive use of all forms of surface water and groundwater for
irrigation, (iv) strengthen systems for monitoring water use, water quality and groundwater
recharge. (v) Strengthen crop diversification programmes for efficient water utilisation, (vi)
Develop and promote water management techniques to prevent wastage and generate
efficiency of water and energy use and (vii) Produce skilled professionals for water management.
In the Poverty Reduction Strategic Paper (PRSP), government provides the guideline to achieve
the Millennium Development Goals (MDG). In the PRSP, among others, due emphasis has also
been given on the rational and productive utilization of the water resources of the country. The
main elements of the PRSP as stated in Policy Matrix which have relevance with the efficient and
productive use of water includes, among others (i) create additional irrigation facilities utilizing
surface water resource where justified, (ii) ensure conjunctive use of surface and groundwater in
existing Command Area Development Projects, (iii) monitor quality and quantity of groundwater
on regular basis, (iv) augment surface water in rivers, creeks and khals by constructing barrage,
rubber dam and water control structures and (v) promote community participation in
multipurpose use of water.
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4. Methodology and data sources (3- 6 pages)
4.1 Primary surveys and secondary data
Study area
The study is conducting in five districts i.e.
Rajshahi, Dinajpur, Pabna, Rangpur and
Bogra in northwest Bangladesh (Fig. 1).
Geographically, the study area extend from
230 48’ 14.3’’ N to 260 03’ 16.8’’N latitudes
and 880 18’ 44.99’’ E to 890 43’ 50.71’’ E longitudes.

Figure 1. Location of study districts
Study design
This study will use both primary and secondary data as per requirements of the sustainability
indicators and criteria mentioned in the introduction section. The indicators, measurement,
criteria and method & source are presented in Table 1. Primary data have been collected through
sample survey based on the preliminary analysis of time series data (secondary data i.e. depth of
groundwater over the last 20 years and consultation with DAE personnel. From each area (one
from each district), 30 farms have been chosen under three farm size categories (marginal, small,
medium/large) covering major 5 dry season crops. The total samples are 450 from study areas
(five sub-districts) where marginal, small and medium/large farms are 30 in each category from
each sub-district.
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Table 1. Groundwater sustainability indicators and criteria
1. Environmental indicators
Indicator

Measurement

1. Surface water
contribution to
groundwater

a. Change in surface water
contribution over time

2. Precipitation

a. Amount of rainfall added
in the GW
storage

3. Groundwater
table

a. Depth of groundwater
level

4. Groundwater
withdrawals

a. Volume of water used
for irrigation

5. Well intensity

a. Nos. per square km

6. ET

a. Crop water requirement

7. Land use change:
Information of
ten major crops
and areas
8. Cropping pattern
change
9. Groundwater
contamination
10.Conservation

Criteria
a. Adequate surface
water discharge
to maintain
groundwater
flow

Method & Source
River Flow data –
BWDB

a. Increase

Climatic data–
BMD

a. Decrease

GW Level data –
BMDA, BADC,
BWDB

a. Withdraw
equivalent to
recharge
a. Decrease
a. Efficient use of
irrigation water

BBS, Field Survey
BADC data
ILWIS Image,
Internet

a. % of agricultural
land

a. Increase

RS and GIS data
analysis, Census,
BBS

a. Introduction of crop
types requiring high
irrigation frequency

a. Crops with low
water
requirement

Field Survey

a. Number of at-risk sites

a. Decrease

Field Survey, BBS

a. Engineering intervention a. Increase
through conservation of
rainwater, SW and GW
b. Artificial recharge
b. Increase
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Field Survey,
Qualitative analysis

2. Economic indicators
Indicator
1. Cost of GW use
for irrigation
-TW using diesel
-TW using
electricity
2. Financial
Profitability

Measurement
a. Direct cost of
groundwater

a. Cost and return
analysis

Criteria

Method

a. Decrease

Field Survey, BBS

a. Increase
Field Survey, BBS

3. Economic
profitability

b. Shadow pricing of
inputs and outputs

b. Increase

3. Social indicators
Indicator

Measurement
a. FGD

1. No. of people practicing
groundwater recharge
methods
2. No. of people using
alternative sources of
b. FGD
water for irrigation or
other purposes
a. Ratio of
3. Population density
population and
land area
4. Peoples’ perception in
b. TW spacing
management

Criteria
a. Increase

b. Increase

Method

Field Survey,
Qualitative analysis

a. Decrease

BBS, Field Survey

b. Increase

Qualitative analysis

Costs and returns
Taking help of the local DAE staff, the comprehensive list of farming households (comprising all
farm size categories e.g., marginal, small and medium/large) in each location have been prepared
and from their desired sample farms have been selected. Data on item wise cost of producing
crops (including hired labor, family labor, land rental, fertilizer disaggregated by type, irrigation
cost, pesticides, seeds, machine rental, etc) and outputs received have been collected using
structured questionnaire.
Surface water level & discharge data
Surface water level and discharge data were collected for 25 stations for the study area for the
period of 1981-2002. Several options are tried to see the surface water level variation for the
mentioned stations during that period for the study area. Decadal average, monthly average,
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monthly minimum and maximum for the dry period (January, February, March and April) and wet
period (June, July, August and September) are done and variation of surface water level is seen.
Climatic data and satellite image
Temperature and rainfall data are collected from Bangladesh Meteorological Department (BMD)
situated in the Barind tract. The satellite image (TM/ETM+) on dry season crops in five study
location (sub-district) will be downloaded from www.earthexplorer.usgs.gov
Data management
Filled-in questionnaires have been edited and coded for computer entry under the close
supervision. Twenty percent of the questionnaires have been re-checked for consistencies.
4.2 Analysis of data
The analysis is being performed using SPSS 16.0 and MS Excel. Besides, ILWIS 3.4 and Arc GIS 9.2
software are used for image processing and analysis.
Trend in water table depth
Using data from BADC, BMDA and BWDB trend in water table depth over time has been assessed
for five study districts.
Changes in crop area
Using data from BBS, changes in crop areas (for 10 major crops) under five selected districts over
time will be assessed. In addition, the correlation between changes in crop area with the relative
changes in depth of water table will be assessed.
Financial and economic profitability of five important dry season crops
For each of the five areas, the financial and economic profitability of five important dry season
crops will be estimated. The areas will be chosen on the basis of the cross-section and time series
analysis described above. The costs and returns will be estimated using detailed data on 30 farms
under each farm type group.
Financial and economic profitability over the next 20 years
Based on trends in water table depth and estimates of the incremental financial and economic
cost of required pumping, time path of financial and economic profitability over the next 20
years will be simulated for all the crops under study. Besides, the issue of non linearity will be
taken under consideration and issue of irregular electricity supply affecting the tubewell water
supply will also be considered.
Profitability analysis
i. Financial profitability
Cost and return analysis is the most common method of determining and comparing the
profitability of different farm enterprises. In estimating the level of profitability in crop
production the following formula will be employed:

Π = P1Q1 + P2 Q2 − ∑ Pi X i − TFC

where, Π = Profit per hectare for producing the sample crop; P1 = Per unit price of the output; Q1
= Quantity of output obtained (per hectare); P2 = Per unit price of by-product; Q2 = Quantity of
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by-product obtained (per hectare); PXi = Per unit price of the ith input used for producing the
crop; Xi = Quantity of the ith input used for producing the crop; TFC = Total fixed cost.
ii. Economic profitability
In estimating the economic profitability the following measures will be used:
Nominal protection rate (NPR)
It is defined as the amount by which the domestic price of a tradable output deviates from its
border price. It is stated as:

NPR =

Py d
−1
Py b

Where, Pyd is the domestic producer price of a tradable agricultural product y, and Pyb is the
border price of y; if NPR> 0, producers are protected and consumers are taxed; if NPR< 0,
producers are taxed and consumers are subsidized. Thus, if NPR>0, producers receive a price
which, after direct interventions, is above the border price , giving them incentives to produce
more of the crop than if equilibrium prices prevailed.
Effective protection rate (EPR)
Effective protection rate (EPR) measures net effects on the value added of the agricultural
product.

EPR =

Vo d
−1
Vo b

Where, Vod =Value added in domestic price; Vob= Value added in border price
A positive EPR therefore, would imply that, a particular production activity is receiving a positive
incentive through protection at the existing exchange rate and trade policies.
Domestic resource cost (DRC)
DRC is the ratio of the cost in domestic resources and non-traded inputs (valued at their shadow
prices) of producing the commodity domestically to the net foreign exchange earned or saved by
producing the good domestically.
DRC =

Non traded inputs used to produce a unit of the good imputed at shadow prices
Net foreign exchange earned (for export) or saved (import substitution) by producing a
unit of the good domestically

If DRC <1, the economy saves foreign exchange by producing the good domestically either for
export or for import substitution. This is because the opportunity cost of domestic resources and
non-traded factors used in producing the good is less than the foreign exchange earned or saved.
If DRC>1, domestic costs are in excess of foreign costs, indicating that the good should not be
produced domestically.
Estimation of evapotranspiration (ET)
The Surface Energy Balance Algorithm for Land (SEBAL, Bastiaanssen et al., 1998; Bastiaanssen,
2000) is used to compute ET from satellite imagery having visible, near infrared and thermal
infrared bands. Spatial distribution of paddy during the growing season is estimated from
satellite data for the greater Rajshahi region. Satellite images such as Landsat TM/ETM+ are using
both for surface reflectance and Land surface temperature (LST). Satellite images have been
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downloaded from internet. Topographic map of the area are collected for geo-referencing. GPS
are used for ground-truthing of farmer’s field. ILWIS 3.4 and Arc GIS 9.2 software are used for
image processing and analysis. The preliminary crop calendars will be collected for the study
area from Department of Agricultural Extension (DAE). The images are classified using
unsupervised classification algorithm. The satellite image are processed by ILWIS software and an
NDVI map are generated using NIR and RED bands. The field polygons are imported into ILWIS.
The polygons are then rasterized. Crossing the field raster images with the NDVI image generates
field level NDVIs. Then, these field level NDVIs are plotted for the whole paddy growing season.
Phenological curves based on the field level NDVIs data are developed to identify characteristics
of paddy crop. Based on this crop phenology, paddy coverage map is generated for the study
area. This map is used for further study such as estimation of evapotranspiration, determination
of crop coefficient, and estimation of yield etc.
To match the remotely sensed ET with point observed ET from field, a sinusoidal relationship is
adopted to calculate the spatial distribution of diurnal ET using IDW (Inverse Distance
Weighting). The mean value of a 3x3 pixel area, including the observed point value is calculated
as the pixel value for comparison with observed point data. Finally, other observed data
precluding the verified aforementioned is used to validate the remote sensed ET in the study
area. We have just estimated ET of paddy crop for the date 19 January 2009. Due o space
limitation, details of estimating ET is not given here, however, we will discuss in the workshop
during presentation.
Estimation of excess water
The excess water lifted from the ground source will be estimated applying the basic relationship:


NetIrrigation Re quirement 
ExcessWater = TotalLiftedWater −

η



ET − Pr ecepitation 
= TotalLiftedWater −

η



where, η=system efficiency. Surface Energy Balance Algorithm for Land (SEBAL) single source
model (Bastiaanssen et al., 1998) will be applied to simulate the surface energy fluxes. The SEBAL
will be applied for the estimation of surface heat fluxes and evaporation, using satellite data in
the visible, near infrared, and thermal infrared spectral range.

ET
+
Precipitation

Excess Water

GoB-BRAC weather station for climatic data

Satellite image for vegetation indices

Figure 2. Climatic data and crop information for estimation of excess water
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Cost of excess water lifted for irrigation: The cost of excess water lifted for irrigation will be
estimated by reducing the cost of gross irrigation water requirement from the total cost of
irrigation water lifted from ground source.
Cropping patterns and policy implications: Based on the above analysis, suitable cropping
patterns will be suggested for the study districts. Besides, the study will suggest policies for
promoting sustainable use of irrigation water in northwestern Bangladesh.
4.3 Qualitative or mixed-methods research, such as Participatory Rural Appraisal (PRA)/ focusgroup discussions (FGD)

A good number of FGDs and Key Informant Interview (Knowledgeable man like pump
operator, field officer from DAE, personnel from BMDA,BRAC, NGO worker) as tools of
PRA have been carried out in the study area for getting information from local people
about problems experienced with respect to groundwater, nature of the problems, their
experience about the past history on groundwater abstraction and associated
agriculture, cropping pattern change, their opinion on present and past agricultural
practices and its economic, social and ecological impacts upon them and their problem
solving approach and knowledge. PRA’s ultimate goal is to formulate future action plan
proposed by local people for the study area.
Participants are selected in consultation with local NGOs, elected local union council
members. Focus has been given to water concerned with irrigation, drinking, washing,
sanitation, etc. related with groundwater, pond water and river water. Their needs and
expectations will be emphasized.
4.4 Stakeholder consultations

To attain sustainable groundwater use, it is necessary to go for an action plan such as
groundwater recharge using various structural and non-structural measures, use of
drought tolerant crop variety, crop rotation or cropping pattern change, improvement of
technical performances of existing technologies, introduction of appropriate
technologies, social interventions such as awareness development etc. These different
options are discussed and opinions are collected from Local Government Institutions
(LGIs), BMDA, farmers, local community selected using BMDA network.
More consultation will be carried out with the following stakeholders e.g., BMDA,
selected local community, DAE, RDA, NGOs. Formal discussions will be used to conduct
the consultations and to synthesize the findings.
5. Preliminary findings and discussion (2 to 5 pages)
Analysis of data revealed declining trend of groundwater tables (1990-2010) in all most all
upazilas of each district, i.e. Rajshahi, Pabna, Bogra, Rangpur and Dinajpur (Figure 3-7).
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Moreover, the highest depth GWT shows in Godagari upazila of Rajshahi, Chatmohor of Pabna,
Dhupchanchia of Bogra, Badarganj of Rangpur and Birampur of Dinajpur district.
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Figure 7. Dinajpur District.

Monthly average surface water level (SWL) variation
The declining trend of surface water level shows in Figure 8 to 11.
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Figure 8 & 9. Trend of monthly average of Surface Water Level Variation for January (Fig. 8) and
February (Fig. 9) of station SW-62 for the Jamuneswari in Badarganj upazila
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Figure 10 & 11. Trend of monthly average of Surface Water Level Variation for March (Fig. 10) &
April (Fig. 11) of station SW-62 for the Jamuneswari in Badarganj upazila
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Annexure
Consultation meeting and visit some official:
Some consultation meeting done and visit university teachers, researchers, govt. officials, allied
person of respective study area in the following placesa) Barind Multipurpose Development Authority (BMDA), Rajshahi.
b) Rajshahi university professors and researchers.
c) Deputy Director and officers of DAE, Rajshahi.
d) Deputy Director and officers of DAE, Dinajpur.
e) DAE officers of Godagari upazila of Rajshahi district, Chatmohor upazila of Pabna
district, Dhupchanchia upazila of Bogra district, Badarganj upazila of Rangpur district.

Figure 1: Consultation meeting

Figure 2: Consultation meeting

Figure 3: Consultation meeting

Collect Literature and information:
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a) Some of study relevant journal publications were collected from department of
geology, Rajshahi University.
b) Operated irrigation well numbers of selected upazilas were collected from respective
DAE office.
c) Collection of upazila wise (in the study districts) data on cultivated land and
production of major robi season crops during previous 10-30 years.
Focus group discussion (FGD):
Three FGD were conducted in the selected upazilas with marginal, small and medium/large
farmers; govt. officials, BMDA officials, school teachers and elite persons of respective places.

Figure 7: FGD in Godagari upazila

Figure 8: FGD in Godagari upazila

Figure 9: FGD in Badarganj upazila

Figure 10: FGD in Birampur upazila
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1. Introduction
In the context of least developed countries, lack of access to financial services often argued to have
constrained poor individuals from utilizing their economic potentials. There is no denying the fact
that, lack of credit acts as one of the crucial impediments towards employment generation, savings
mobilization, investment activities, smoothing consumption in case of income shock etc. of the
rural poor in particular. It is also argued that credit help the farmers to invest in modern methods of
cultivation and aids them in terms of better cultivation practices, marketing, storage etc. For the
developing countries like Bangladesh, credit markets are often under developed both in terms of
coverage and size of loan, which has forced the credit-constrained households to avail credit from
informal sources at high rate of interest with unfavorable terms and conditions.
Against this background, this research attempts to understand the importance of credit in
facilitating agricultural production and meeting/improving nutritional requirements of the
recipients of credit. It therefore expects to provide empirical evidences of the role of credit in food
production and food security which will help to formulate appropriate policies for fulfilling the
requirement of credit for the credit constraint households and farmers. The key objectives in this
respect are as follows:
•
•

•

To review the major agricultural credit programs during the past 15 years, including
programs that are currently in use.
To develop a profile of the agricultural households receiving credit and those do not,
including sources and interest rates paid and purpose of the loan. It will therefore
analyze the socioeconomic characteristics of both the credit recipients and the nonrecipients.
To examine the impact of credit (by type) on agricultural production and to understand
the ways credit can contribute towards fulfilling dietary diversity (during the lean
season).

2. Objectives, key research questions and expected outputs
In order to attain the broad objectives (mentioned in the former section), the research will attempt
to fulfill the following specific objectives:
•

Credit Programs and Access to Credit: The research aims at assessing past and present
agricultural credit programs in Bangladesh; identifying the percentage of poor farmers
who get credit, and the interest rates they pay; examining the availability, access and terms
of credit in relation to the poorest quintile compared to that in higher income groups (e.g.
the analysis by expenditure quintile and by size of farm), to gender, to geographical
distribution and to remittances. In this respect the study will attempt to discuss in detail the
previous government interventions in credit market (e.g. through credit subsidies) and the
impacts of such programmes.
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•

Source, Size and Purpose of Credit: It plans to describe and quantify various sources of
credit (e.g. public sector bank, private sector bank, NGO, landlord, friends and relatives);
the size of the loans and how it varies by expenditure class and gender; the interest rates
charged at different sources etc. The study aims at relating the purpose of receiving credit
and agriculture and the percentage of borrowers, by expenditure class, who are willing to
borrow more at the same rate of interest as they paid for the existing loan. It therefore
expects to identify the percentage of poor farmers who get credit, their socioeconomic and
demographic characteristics, geographical distribution, the size of loan that they receive
and the interest rates they pay.

•

Credit and Farm Production Decisions: The research will ascertain if there is a
relationship between credit and production decisions (choice of crop, use of fertilizer) of
farmers, and if possible with market participation. It will conduct the study separately
based on: (i) credit constraints and (ii) credit used, while applying suitable econometric
methods and controlling for income and/or farm size and gender. It will compare the
availability, access and terms of credit received by the small and medium farmers and also
across geographical areas.

•

Credit and Food Security: The research will estimate (with HIES 2010 data as well as
with primary survey) gathered during the lean seasons, a relationship between food
security, gender and use of credit.

•

Enhancing Household Food Security through Credit: It will identify key implications
for policy makers to use credit as a tool to promote food production and food security.

In relation to these objectives, the study aims at analyzing and answering the following research
questions:
1. What are the research questions that the researchers have been trying to disentangle in
relation to the relationship between agriculture credit and food security and agriculture
production? What type of methodologies are they applying? What are the key findings of
their research?
2. Who are the recipients of credit (e.g. socio-economic profile of recipient and nonrecipient households)? What type of credit (e.g. informal, formal, quasi-formal)
agricultural households receive most? What interest rates they pay for their loan?
3. In which ways credit helps in agricultural production in terms of fertilizers, pesticides,
improved farming methods etc.?
4. In which ways credit contribute towards fulfilling dietary diversity, especially during lean
season?
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The study expects to primarily deliver a research report, which will contain nine separate sections
on Introductory Discussion and Background of Research, Review of Existing Literature,
Theoretical Framework, Sources of Data and Methodology, Empirical Analysis of Macro Data,
Empirical Analysis of Secondary Micro Data, Empirical Analysis of Primary Data, Focus Group
Discussions (FGDs) and Policy Recommendations and Concluding Observations. In addition to
the final report, the study expects to produce research papers related to the issue of food security,
agricultural production and access to credit. In addition to these publications, the findings from
the study are expected to be disseminated among the policy makers, civil society and academia
through a number of seminars and workshops.
3. Literature review
The study on the role of credit in food security does not have much precedence, though there
prevail large volumes of literature on the conception of food security and the role of credit in food
production. Numbers of studies have attempted to analyze and understand food security in detail,
and found it to be a highly flexible concept. Food security as a concept originated only in the
mid-1970’s, in the discussions of international food problems at a time of global food crisis.
According to Maxwell and Smith (1992), there were about 200 definitions regarding food
security in the published writings till date. The continuing evolution of food security as an
operational concept in public policy has reflected the wider recognition of the complexities of the
technical and policy issues involved. In this context, Rao (2007) developed a benchmark
compendium on food security-related research complemented by an extensive bibliography
ranging over four decades of research on food security with particular reference to Bangladesh. In
his study, he cited the 1996 WFS definition: 'Food security exists when all people, at all times,
have physical, social and economic access to sufficient, safe and nutritious food to meet their
dietary needs and food preferences for an active and healthy life', as the most recent careful
redefinition of food security.
The emphasis on consumption, the demand side and the issues of access by vulnerable people to
food, is most closely identified with the seminal study by A K Sen (1981). Eschewing the use of
the concept of food security Sen spotlighted on the entitlements of individuals and households.
The World Bank report titled ‘Poverty and Hunger’ (WB,1986) focused on the temporal
dynamics of food insecurity and introduced the widely accepted distinction between chronic food
insecurity and transitory food insecurity; which was also used by Binayak Sen et al (2004) in
exploring the chronic poverty situation in Bangladesh. Drawing comparison of the food security
definitions highlighting the considerable reconstruction of official thinking on the concept over
the last two and half decades, Faridi and Wadood (2010) commented that food security can be
described as a phenomenon relating to individuals, mentioning that it is the nutritional status of
the individual household member. Their paper investigated the determinants of household food
security situation in Bangladesh. It was found that different household characteristics seemed to
be strongly correlated with food security indicator which might be helpful in identifying the food
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insecure households. Regression results under the study showed that food security indicator was
also highly sensitive to rice price changes. Comparison of different occupational groups was also
studied by the authors with the findings that wage earners, both daily wage and salary wage
earners, are worse off in terms of food security status compared to self-employed-both in
agriculture and non-agricultural sector. While analyzing food security, Rahman (1999) observed
that there remained ambiguity in the definition of food security in the existing literature and
mentioned that the concerned researchers were ambiguous between the concepts of poverty
(especially extreme poverty) and food insecurity. She concluded that food security can be attained
amidst certain poverty level. There is no certainty that acceleration of food production will
augment food security or reduce the number of food insecure population. Rather the precondition
of decreasing food insecurity is to increase the entitlement of the particular community through
creating employment opportunities and keeping food price level stable.
From the definitions it is evident that the concept of food security is multidimensional and,
therefore, measuring food security is quite complex and challenging. In line with the WFS
definition Babu and Sanyal (2009) underscored three core determinants of food security – food
availability; food access; and food utilization. Measurement of these determinants is essential to
quantify food security of a population. Babu and Sanyal described various methodologies to
measure food availability, access and utilization. They advocated that Hentschel et al.’s (1998)
small area estimation method is one of the most common methods in measuring household food
availability. Data constraint is one of the major difficulties in measuring food availability since
data on income and consumption comes from household survey of a smaller sample size.
Hentschel et al. developed a method to combine sample survey data and census data for yielding
predicted poverty rates for households covered by the census. Secondly food or nutrient intake at
the household level is the measure of household food access. Data on household expenditure on
food, calorie intake, household pattern and composition from household income and expenditure
surveys are used to assess the food access. Finally food utilization is measured by comparing food
intake data with recommended intakes of energy and other nutrients according to age, sex, body
size, and physical activity.
Babu and Sanyal also pointed out alternative approaches to measure food security, which include
interaction approach, coping strategy or chronic vulnerability approach, and scaling approach.
They discussed the interaction approach developed by Haddad et al. (1994) which emphasizes an
overlap technique to determine that to what extent a proportion of households are insecure in
various dimensions. Haddad et al. developed a conceptual framework for identification and
evaluation of alternative indicators of food and nutrition security since traditional indicators like
calorie adequacy are difficult to incorporate into ongoing monitoring and evaluation systems.
They came up with the idea that relatively simple indicators perform well to measure food
insecurity. They proposed that indicators like unique foods consumed, region, dependency ratio,
household size, rooms per capita, incidence of illness, sanitation facilities, etc. to be coded with
only two or three different values, can be used to identify households at risk. Secondly Babu and
Sanyal described the coping strategy approach developed by Maxwell (1996). In this approach a
cumulative food security index comprising six food coping strategies of the households in the
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face of insufficient food consumption is used to quantify food security score. Maxwell developed
an indicator to capture the short-term food sufficiency and food security at the household level
with an objective to use such indicator in a survey to quantify the determinants and impact of a
long-term adaptive strategy. He identified a range of short-term coping mechanisms and collected
information about these individual strategies through in depth interviews. These short-term
coping mechanisms include eating foods that are less preferred, limiting portion size, borrowing,
maternal buffering, skipping meals, and skipping eating for whole days. Using a simple scale for
the frequency of each individual strategy and incorporating weighting factors, Maxwell
developed a cumulative food security score or index which can be used both for bivariate
comparison of groups or multivariate analysis of nutritional status. Finally Babu and Sanyal shed
some light on the scaling approach of Bickel et al. (2000) to assess that how households go
through different experimental and behavioral stages leading to food insecurity. Bickel et al. took
into account six core-module food security questions asked in the Current Population Survey
(CPS) and combined them into a single overall measure of food security scale. The scale is
continuous and linear, and measures the degree of severity of food insecurity experienced by a
household in terms of a single numerical value.
Various methods and measurement techniques, discussed above, suggest that food security is
indeed a comprehensive issue involving number of aspects. These different aspects affect food
security directly or indirectly. Braun (2009) summarized various risks that can have severe
impacts on the food security of the poor. These risks include high and volatile food prices,
financial and economic shocks, impact of climate change, and epidemic outbreaks. Instability in
food prices limits food consumption and diet quality and economic shocks lead to job loss and
credit crunch. Climate change causes droughts and floods which affect food supply and thereby
exposes the poor to food insecurity. The risks of human disease as well as crop and livestock
disease too affect food security of the poor. Braun furthermore discusses the risk patterns and
consequences at micro-level and highlights that the adverse effects of risks are the greatest to the
poorest who have limited capacity to cope with risks and shocks.
Under this setting the role of credit on food security is an interesting avenue to investigate. One
such avenue is agricultural production. Analyzing the effect of credit on food security, Saha and
Dutta (1971) showed that adequate supply of credit has positively influenced the growth of
agricultural output and farm incomes in many countries. Yet the small and marginal farmers who
constitute approximately 80 percent of the farming population of Bangladesh do not receive
adequate agricultural credit from the formal sector and the credit presently allocated to the
agricultural sector by the formal institutions falls far short of actual requirements (Census of
Agriculture, 1996). A long standing hypothesis has been that poor access to credit is the main
constraint on the adoption of High Yielding Varieties (HYVs) despite their higher profitability in
relation to traditional crop varieties. The study of Rashid et al (2002) re-examined the issue in the
context of a specially designed group based lending program for small farmers. These are the
farmers who neither have access to formal credit nor qualify as members of micro-credit
organizations. For a variety of model specifications using Heckman’s two-step method, the
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authors found that credit limits from the lending programs and informal sources are significant
determinants of small farmers’ choices between HYV vs. traditional varieties.
Khan (1999) attempted to quantify institutional credit needs among small and marginal farmers.
He analyzed it in the context of Bangladeshi districts and inferred that small and marginal farmers
required cash to purchase improved agricultural inputs, such as HYV seeds, fertilizers and
pesticides, and to pay for irrigation water. They also required institutional support for investments
in irrigation pump sets, other farming equipments, drought animals etc. The study concluded that
with the advancement of technology and increasing commercialization of agriculture, credit needs
of these farmers had become more compelling. Several studies including those of Elias (1988),
Rahman (1990) and Haq (1993), in the context of Bangladesh, have observed that the need for
bank finance has grown with the introduction of technological innovation in agriculture,
especially in the crop sector. Given the fact that HYV technology in agriculture is capitalintensive by nature, these studies recommended that a wide ranging network of credit programme
can help the farmers to reap benefits from this technology. The studies have also found that once
new production techniques have been established, agricultural credit has the potential to remove
many of the technological constraints faced by rural populations, especially those by the small
farmers. For example extensive use of fertilizer to enhance production is a common characteristic
of cultivating HYV crops. As a result it is important that farmers, cultivating HYV crops, require
financing the cost of chemical fertilizers which small farmers may not afford. While using
household data of Bangladesh, Barkat et al. (2010) found that as high as 58% of farmers covered
by their survey used credit for fertilizer. 27% for procuring seeds, 38% for paying wage laborers,
11% for the use of tractors and 13% for the cost of power tiller. Therefore, their analysis revealed
the crucial role of credit in food production, particularly in procuring fertilizers. In terms of
choice of crop, credit also acted as determining factor and the survey found that, as high as 66%
of farmers utilize the credit that they receive for cultivating Boro rice, whereas about 12% use it
for the production of Aman rice.
Apart from the production side another important avenue of food security is the purchasing
power. There are several studies which investigated the role of finance on improving purchasing
power and thereby improve consumption of essential food items. Zeller et al. (1997) provides an
extensive overview of impact of rural finance on food security of the poor. They outlined that
credit needs for production and consumption are difficult to distinguish and poor people are
vulnerable to various production and consumption shocks. In the absence of low cost financial
services, poor households can only respond to such shocks by borrowing from costly sources at a
much higher rate. Under the circumstances, Zeller et al argued that poor household’s access to
financial services can efficiently and effectively contribute in income generation and
consumption stability, and can address the issues of long and short term food security. They
pointed out that policy instruments for improving household food security includes increasing
household income, stabilizing food prices, and improving household’s access to inter-temporal
markets. The first two are long term strategies and involve measures to increase production. The
last one is about improving the household’s ability to adjust inter-temporal consumption through
financial services like credit and insurance. The first two policies address the chronic food
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insecurity and the third one focuses in addressing transitory food insecurity. They concluded that
enhancing household food security requires provision of credit for agricultural production or
microenterprises and also credit and savings services for consumption smoothing.
In this respect, impact of credit on income generation is also an important element of food
security analysis. Diagne (1998) studied the impact on access to credit on income and food
security in Malawi and found that access to formal credit has marginally beneficial effects on
household income however the impact on food security is very small and insignificant. Diagne’s
paper was intended to find out whether access to formal credit contributes to the food security of
the households. Contrary to the standard practice of impact assessment by estimating marginal
effects of either amount of credit received or membership in credit programs, he distinguished
between access to credit and actual participation in the program. He underscored the condition
where a household has access to credit but can choose to borrow or not and the access to credit
can, therefore, be measured by accounting the maximum amount a household can borrow from a
credit source. This conceptualization of credit limit allows him to separately estimate the direct
effect of access to credit and the indirect effect arising from household exercising their borrowing
options. By applying this maximum credit framework Diagne shows that access to formal credit
positively affects household income by reducing borrowing from costly informal sources but the
impact on food security is too small and not significantly different.
Since formal credit sources in most cases exclude marginal farmers and lower percentile of
population, analysis of quasi-formal and informal credit is quite relevant in analyzing income
generation and food security. In the absence of well developed financial system, although
informal credit market has served a large number of clients in many of the developing countries,
in most of the cases it has remained unorganized and fragmented in nature and has allegedly
played an exploitative role (Rahman, 1996). Khanam (1989) in the context of Bangladesh
inferred that credit from informal sources does not help the farmers in the desired manner since
informal credit is not adequate in terms of loan size and is only available at high interest rates.
While the normal rates of interest on formal credit did not exceed 17.5 per cent p.a., the rate of
interest on informal credit ranged between 50-100 per cent p.a., sometimes rising up to as high as
150 percent p.a. or even more (Akhunji, 1982). A more recent study of Titumir et al (2005)
showed that small farmers still depend on informal sources for credit. Lacking access to complex
bank channels and to micro-credit alike, the tenant and small farmers continue to depend on
monopolistic moneylenders who insist on tied credit- marketing contracts.
For the last two decades, the gap in credit supplied by formal financial institutions has partially
been filled by the semi-formal/quasi-formal institutions. There exists a vast body of literature
analyzing the effect of such a source of credit on the socio-economic status of households. Banik
(1993) noted that most of the activities of Grameen Bank of Bangladesh are of the ‘point-input
continuous-output type’, where the key to the success of Grameen Bank has been the system of
weekly repayment of loans. In contrast, agricultural operations are of the 'point-input point-output
type' and cannot be made to yield continuous income. Even in the land of extensive microfinance,
the credit constraints that small and micro farms face remain endemic. Bannerman (2006)
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examined the issue through a study of debt and vulnerability in North-West and South-East
Bangladesh. As regards, micro finance initiatives, the evidence remains mixed: whilst some
studies found evidence of increased incomes and food security as a result of participation, others
suggested that households, particularly the poorest and most vulnerable, often become trapped in
a ‘spiraling debt cycle’ due to inability to service initial debts. The study also found that the
modal debt-management strategy is to cut down on food consumed either by selling rice that
would otherwise be consumed or by buying less expensive food. Also, crops or labor are sold in
advance often at discounted prices to meet repayment obligations. In this sense, micro credit
perhaps unwittingly may contribute to food insecurity. The author also concluded that access to
credit is more likely to have a positive impact on long term livelihoods if credit is put to
productive use.
Access to credit especially from quasi-formal sources like microcredit not only improves the
purchasing power of the credit recipients but it also enhances the empowerment of the recipient in
the family. Assuming that mothers are inherently more conscious about child nutrition, mother’s
empowerment through income generation activities can have substantial positive impact on
family’s food security. Hazarika and Guha-Khasnobis (2008) studied household’s access to
microcredit and its impact on children’s food security by linking women’s intra-household
bargaining power as measured by access to microcredit to children’s health outcomes. They
found that according to Collective Model, i.e. assuming intra-household distribution as the
outcome of Nash Bargaining, children’s food security is improved with women’s access to
microcredit.
Summarizing the findings of different literatures we can comment that both production and
consumption, the two important facets of food security, are affected by availability or access to
credit. Commenting on the need to involve public financial institutions such as NCBs in
strengthening agricultural credit programmes in Bangladesh, empirical studies by Ahmad and
Ahmed (1982) noted the utility of the approach in increasing institutional credit flows to the
agricultural sector, since the NCBs were observed to have rapidly expanded their branch
networks in the country. Several separate surveys in the context of Bangladesh, including those of
Rahman (1972), Akhunji (1982) and World Bank (1983) have evaluated the relative performance
of institutional credit agencies in meeting the credit needs of farmers. These studies noted a sharp
increase in agricultural credit requirements between the pre-independence and post-independence
periods, with a much larger proportion of agricultural credit needs being met by institutional
sources throughout the 1970s. However, they observed a proportionate decline of such trend over
time, with agricultural credit now constituting a much smaller component of total institutional
credit. MOP (1991) also reported a sharper reduction in the proportionate share of agricultural
sector in institutional lending. Hossain (1977) in an earlier study observed that 17 percent of the
small farmers in Bangladesh had access to institutional loans and received 28 percent of the total
credit advanced to the agricultural sector. In contrast, 61 percent of the large farmers in the
country had received loans amounting to 67 percent of total agricultural credit. Finan et al. (2005)
examined the patterns of use of credit and its role in livelihood strategies in Northwest and
Southeast Bangladesh. Among the issues examined were: the changing incidence of loan taking

96

over time; why households become involved in borrowing; and how indebtedness affects the
range of livelihood outcomes.

4. Methodology and data sources
The study expects to utilize both primary as well as secondary sources of data. The aim of the
research is primarily to understand the link between access to credit and food security and food
production. We therefore will consider data related to (i) credit recipients: households/farmers
and (ii) credit suppliers: financial institutions, microfinance organizations etc. For that we plan to
utilize HIES 2010, a nation-wide representative survey on households. In addition to HIES, we
also plan to collect primary data.
4.1 New Primary Survey:
The survey that we plan to conduct will be a complementary one to that of HIES 2010. HIES is a
nationally representative household survey of around 12,000 households. In addition to
household’s socio-economic characteristics, it has separate section on credit (section 8, part D)
and agricultural enterprise (section 7). Information gathered through the responses on these
questions will be utilized in our research to understand the socio-economic profile of credit
recipients, their credit profile, production technique etc. In addition, a small scale survey will be
conducted to analyze the relationship between credit and food security and credit and food
production in greater detail. It is worth mentioning that, although HIES 2010 contains important
questions related to credit and agricultural production, it is not specially designed for the purpose
of answering our research questions. The particular questionnaire of HIES misses the queries
regarding credit non-recipients (the earning members of the household who have not applied for
credit or have failed to get access to credit instead of applying), as for example-why haven’t they
applied for any loan? Do they think that they are eligible for loan? Will they apply for loan in
future, if they are ensured to get access to loan? (In case of applying) why haven’t they availed
the loan? How many times have they applied? When and in which institutions have they applied?
Again, the HIES-10 survey has not explored the unmet demand for credit of the household, the
transaction cost of getting access to credit, the choice of credit option and the way of utilization of
the credit. Therefore this new survey will contain questions directly related to the research
questions. The key issues regarding the primary survey are as follows:
Sample Frame and Sample Size: A small scale survey of around 1200 households across the
country is planned to be conducted to supplement the set of information gathered from HIES
2010. To obtain a representative data set we apply stratified sampling methodology. Since access
to credit differs geographically across the country we divide the 64 administrative districts in
three strata – low credit recipient districts, medium credit recipient districts and high credit
recipient districts. This categorization of districts is primarily based on the per capita amount of
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credit disbursed by formal financial institutions, i.e. the scheduled commercial banks and we also
take into account the per capita amount of deposit and per capita bank branches (division
average) as secondary indicators of access to credit. We use the simplest indexing formula used
by the UNDP for construction of human development index (HDR) to develop index for the three
components – per capita credit, per capita deposit and per capita bank branches. While
constructing the index we exclude the districts of Dhaka and Chittagong since the disbursement
of credit in these two districts is quite high compared to the rest of the country. We assign 60%
weight to per capita credit index since it is the primary area of interest and 20% weight is
assigned to both deposit and branch indexes. According to the values of the index associated to
each district we classify the districts into aforementioned three categories. This characterization
gives us 19 low credit recipient districts, 27 medium credit recipient districts and 16 high credit
recipient districts.
The next step is to randomly choose 2 Upazillas from each districts and then to randomly choose
1 Union Parishad from each Upazilla. Then we will prepare a list of villages of the randomly
drawn Union Parishads and will randomly choose 3 villages from each Union Parishad. So, we
will conduct our survey in 30 villages of 10 Union Parishads in 5 districts. Finally at field level a
village census will be conducted at each village and a list of households will be prepared. From
the list 40 households will be drawn randomly for interview. Hence our sample size will be
(30x40) or 1200 households.
We run a random draw exercise using Microsoft Excel and Table – 1 shows our pick of the
Districts, Upzaills and Union Parishads.
Table 1: Randomly picked administrative units
District

No. of
Upzillas

Narail

3

Low
Rangpur

8

Habiganj

8

Netrokon
a

10

Medium

Randomly
picked UpZillas

No. of
Union
Parishads

Randomly picked Union
Parishad

Lohagara

12

Kotakol Union Parishad

Kalia

13

Joynagar Union Parishad

Badarganj

10

Gopalpur Union Parishad

Pirgacha

9

Annadannagar Union
Parishad

Madhabpur

11

Deorgach Union Parishad

Chunarughat

10

Dharmaghar Union Parishad

Atpara

7

Loneshwar Union Parishad

Kalmakanda

8

Kharnai Union Parishad
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High

Feni

6

Fulgazi

6

Mathu Bhuiyan Union
Parishad

Daganbhuiyan

8

Anandapur Union Parishad

For our purpose to examine the role of credit in food security random selection of households is
extremely important. Otherwise we can end up with a biased result. We go for stratified sampling
since we could have picked villages only from high credit recipient districts or only from low
credit recipient districts if we applied simple random sampling technique. Such random draw
could have produced misleading conclusion. Hence we feel it appropriate to categorize the
districts in different strata and then to proceed for random draw. Since we use only formal
sources of credit and only have the per capita monetary amounts, it is a very crude way to
measure the degree of access to credit. However, it provides us with some rough idea about the
districts which we believe is essential for our exercise.
•

Logistical Organization of the Survey: While following the existing literature and the
questionnaire of HIES 2010, the study team will prepare a questionnaire, which will be tested
through a field test. After the field test, the questionnaire might require to be modified and
with the help of administrative staff at the Bureau of Economic Research (BER), necessary
printing and photocopying of the final questionnaire will be done. Afterwards, training of the
enumerators will be conducted at BER. In addition to BER, at times the office of the
Department of Economics, University of Dhaka will also be utilized for group meeting,
training or other administrative purposes. The field work will be of around seven weeks
(starting from the second week of January, 2012 till the third week of February, 2012). There
will be eight enumerators (four male and four female) in two groups under two supervisors;
each group will consist of two male and two female enumerators.

•

Training of Enumerators: Training is a vital stage for successful and quality data collection.
In this regard, a one day rigorous training will be provided to both field supervisors and field
investigators. Both quantitative and qualitative tools will be used in the training. A follow up
training will be arranged after the field test. The initial training will mainly focus on data
collection instruments and quality control issues. During training sessions, overall objectives
of the study, data collection instruments, sample selection technique, techniques of rapport
building and interviewing will be reviewed. The follow up training will emphasize on
participatory reflection over the field test experience.
The study team will develop the Data Collection Instruments (DCI) in line with the objectives
of the study. During the design phase, the team will interact with the TAT of the NFPCSP.
Moreover, repeated brain storming sessions will be carried out with the study team members at
BER. Along with the DCIs, written instruction to select appropriate interviewees and to take
additional notes about the locations and conversations will be developed. Two sets of DCIs
will be prepared for quantitative survey and qualitative FGD. To assess the quality and
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efficacy of DCIs and to check for the need for improvement, the DCIs will be field-tested.
Field test will also experience and expedite the field researcher about their upcoming
assignment.
•

Computerization of the Survey Results: Survey results, i.e., data will be analyzed using the
in-house computer facility of BER under the overall guidance and supervision of the core
study team members.
Computerization of data will involve the major tasks of: (i) inputting data into the computer;
(ii) conducting validation checks to ensure that data have been correctly entered; (iii)
preparation and validation of output tables; (iv) cleaning and arranging the data in a usable
format.

4.2 Analysis of Datasets: Both HIES 2010 and the primary dataset will be utilized extensively for
statistical and econometric analyses. Section 6 and section 7 of the final report will contain such
analyses. The recommendations of the study will be based on such econometric models. While
analyzing the data, suitable econometric model which takes care of the potential problems (e.g.
self selection) will be adopted.
4.2.1

Analyzing Sample Households/Farmers with/without Access to Credit: This will include
tabular and graphical analysis of household's demographic characteristics, educational and
occupational features along with farm characteristics. The analysis will also explore and
compare these two groups in terms of gender, geographical location etc. In this context, a
probit model of access to credit (0= no access; 1=have access) on household and farm
characteristics will be estimated. Both section 6 and section 7 will contain similar analysis
to compare our data set with that of HIES. A detailed profile of who receives credit and
who does not will be developed to aid in design of programs for those who do not receive
it.

4.2.2

Examining Sources of Credit: With the help of various secondary data, we would be
able to differentiate the key characteristics (interest rate, amount of credit etc.) of different
types of credit (e.g. formal, informal, quasi-formal), which will be used in section 5.

4.2.3

Understanding the Factors affecting Size of Loan: In order to understand the factors
which affect the amount of credit borrowed by a household/farmer, we plan to apply tobit
methodology. In literature ‘amount borrowed’ rather than‘whether a member of microcredit organization’ is widely used to understand the factors affecting household’s
propensity to take loan. In case of truncated/censored sample, data are not available for a
subset of population and we use tobit model (amount actually borrowed being the
dependent variable). Here, as we do not have data for the amount of loan for the nonborrowers, we can model amount of loan by tobit with a vector of relevant household

100

4.2.4

characteristics. Here, we should keep in mind that, several studies argued for using
‘maximum amount a household can borrow (credit limit)’ rather than ‘actual amount
borrowed’ as the appropriate variable and we will explore both of the variables in
explaining the size of loan. Our primary data will be used for such modeling. Again the
study will look at how credit constrained farmers would use their credit for if they
received additional credit at a determined interest rate (distinguish between production
and consumption).
Analyzing Choice of Credit: We will analyze types of credit (formal, informal, quasiformal) availed by farmers on the basis of socio-demographic features of households and
farm characteristics. This analysis will be extended while analyzing amount of credit
received by farmers. In this context, if the choices would be mutually exclusive then we
could have used multinomial logit model with type of credit being the dependent variable.
However, the categories under the variable 'type of credit' are not mutually exclusive and
therefore we should model each of the alternatives separately with probit methodology.

4.2.5 Analyzing Role of Credit in ensuring Food Security: In order to assess the way credit
availability might affect food security, we plan to model food security defined through various
dimensions on a number of household characteristics with access to credit as the key variable. In
this context, we plan to explore the ways (if any) households utilize the credit that they receive to
fulfill their nutritional requirements and the ways it contribute towards attaining food security. In
particular, we will estimate a probit model of whether a household is food secured of not (we plan
to use a variety of variables to represent food security) 1 and it will be estimated with a dummy
variable of access to credit being the key explanatory variable. In addition, similar probit model
will be estimated with the amount of loan (as well as the maximum amount a household can
borrow) being the main explanatory variable. Section 7 will contain such analysis.
4.2.6 Understanding Role of Credit in Food Production: The research will attempt to
understand the ways recipients use credit, e.g. for consumption at normal times, to safeguard in
case of income shocks, for investment: non-agricultural purposes, agricultural purposes. In case of
investment in agriculture, we will explore the ways credit is used e.g. for buying seeds, for
investing in fertilizer, pesticides etc., for investing in alternative crop, investing in modern varieties
of crops etc.
In addition to the descriptive analyses of utilization of credit, we attempt to conduct detailed
econometric analysis applying primarily dichotomous choice models. Here, if the categories under
'use of credit’ (e.g. consumption at normal times, consumption at income shocks, agricultural
investment etc.) would be mutually exclusive, we could have used multinomial logit model.
However, as these categories are not mutually exclusive, we have to use alternative methodology.
Here, ordered probit or bivariate probit is not applicable as well. Therefore, the best way to
understand the uses of credit is to model each of the categories separately while applying probit /
1

Whether the household is able to meet minimum nutritional requirements of 2122 k cal. per person per day
(intake of calorie), intake of protein, nutritional status in terms of weight for age an height for age for
children)
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logit methodology. In this context, we will analyze two issues in particular: (i) use of credit for
buying fertilizer and (iii) use of credit for modern varieties of crop. For each of the cases, a probit
model of (i) whether the household has experienced income shock; (ii) whether the farmer uses
fertilizer; (iii) whether the farmer uses modern varieties of crop will be constructed with
availability of credit (whether the farmer has access to credit as well as the amount household
borrowed) as key explanatory variable. Such a model will show whether having access to credit
increases the probability of buying fertilizer and use of modern varieties of crop.
In addition to the above mentioned methodology, we plan to analyze the role of credit in food
production in greater detail while following the methodology applied by Rashid et al. (2002). One
problem while modeling the effect of access to credit on farming (here, use of fertilizer, modern
varieties of crop) is that it could suffer from the so-called self-selection bias, due to which a famer
having access to credit might have certain unobserved characteristics which might affect their
decision to use fertilizer/modern crop varieties.
Ignoring this bias might result in misleading result of the role of credit in promoting modern
method of cultivation. In order to correct such self-selection bias, we will follow Rashid et al.
(2002) and will apply Heckman's 2 step method. Here, in the 1st step a probit model will be
estimated with 'access to credit" (C* is a binary variable denoting whether the farmer have access
to credit or not) being the dependent variable. In the next step, an ordinary least square (OLS)
model of use of fertilizer (proxied by the amount of fertilizer used by the farmer: F*)/use of
modern cropping method (proxied by the amount of land devoted under modern cultivation
method) will be run. But in addition to the usual explanatory variables two additional variables
will be included: (i) a dummy variable of whether the farmer gets credit or not and (ii) an inverse
mills ratio obtained from the 1st stage of probit. These two variables will be included as additional
explanatory variable in the vector X2:
1st step: probit: C*=β0+β1X1’+u1
2nd step:OLS: F*=γ0+γ1X2’+u2
Use of this inverse mills ratio is thought to have corrected the self-selection bias and this set of
results is expected to produce correct estimates of the role of credit in farmer's production
technique. These analyses are expected to reveal the way credit constraint affects modern farming
practices. In addition, similar analysis will be conducted focusing on amount of credit as key
explanatory variable in the 2nd stage OLS.

4.3 Qualitative Research: Beside quantitative survey, a qualitative method will be used primarily
to collect in-depth / particular information on selected indicators related to the study. It will
provide the advantage of keeping data collection process free from predetermined categories of
analysis. The qualitative analysis will be based on Focus Group Discussions and in total, 10 FGDs
will be conducted in 7 divisions of Bangladesh. The average number of FGD participants will be
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10. FGDs will be conducted around main study issues. For FGDs, a checklist will be designed by
creating a system and coding each comment into a particular category. Facilitators will be
provided a guide line with key issues and indicators to steer the discussion and to note down the
comments. FGDs will be organized for farm households. Focus Group Discussions will be
conducted separately for women and men.

5. Preliminary findings and discussion
Descriptive Statistics of the Sample:
This section describes preliminary findings of our survey-carried out on 1200 households on five
districts, namely Narail, Rangpur, Hobiganj, Netrokona and Feni. As shown in Table 1, majority of
the households are headed by male. Average age of household heads is around 45 years and on
an average their education level is quite low-only 3.4 years of education. Among the non
household heads, we can observe similar phenomenon as their average education level is 3.9
years. In terms of occupation (Table 2), we observe pre-dominance of farmers and 28.4% of our
respondents are farmers, followed by 15% agriculture laborer.
Table – 1: Descriptive statistics of the households

No. of HH Heads
No. of other HH members
Avg. Age of HH Heads
Avg. Age of other HH members
Avg. years of education of HH Heads
Minimum years of education of HH Heads
Maximum years of education of HH Heads
Avg. years of education of other HH members
Minimum years of education of other HH members
Maximum years of education of other HH members

Female
109
2733
47.0
25.3
1.4
0
12
3.6
0
18

Male
1091
1902
44.6
16.3
3.6
0
19
4.2
0
20

Total
1200
4635
44.8
21.6
3.4
0
19
3.9
0
20

In terms of credit recipients, around 29% are farmers, 14.8% are agricultural labors and 9% run
small businesses (Table 2). According to our analysis average yearly income of households is
129164 BDT. Households obtain their income from a wide variety of sources, e.g. crop, salary
income, agricultural wage, businesses, remittances etc. It is however interesting to observe that,
the largest amount of income is received through remittances and on average household’s
yearly remittance receipt is 181389 BDT. Between credit recipient and non-recipient, there are
differences in the source of income but we do not observe any specific pattern. Credit nonrecipients however receive greater share of income from salaried jobs or businesses.
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Table – 2: Primary occupation of the household heads

Farmer
Housewife
Agricultural Labor
Labor
Service
Mason
Carpenter
Rickshaw/Van Puller
Fisherman
Boatman
Potter-man
Shopkeeper
Small Business
Business
Tailor
Driver
Cottage Industry
Village Doctor
Imam
Electrician
Barber
Household Maid
Birth Attendant
Teacher
Retired Service Holder
Student
Unemployed
Disabled
Other
Total

Credit Recipient Credit Non-recipient
No.
%
No.
%
233
29.1
108
27.1
33
4.1
18
4.5
119
14.8
61
15.3
37
4.6
22
5.5
52
6.5
36
9.1
16
2.0
7
1.8
8
1.0
1
0.3
52
6.5
14
3.5
3
0.4
4
1.0
1
0.3
1
0.1
5
0.6
2
0.5
72
9.0
22
5.5
43
5.4
26
6.5
6
0.8
1
0.3
16
2.0
1
0.3
1
0.1
2
0.5
3
5
2
1
2
1
7
12
2
1
69
802

0.4
0.6
0.3
0.1
0.3
0.1
0.9
1.5
0.3
0.1
8.6
-

1
8
3
1
1
3
55
398

All
No.
%
341 28.4
51 4.3
180 15.0
59 4.9
88 7.3
23 1.9
9 0.8
66 5.5
7 0.6
1 0.1
1 0.1
7 0.6
94 7.8
69 5.8
7 0.6
17 1.4
3 0.3

3
5
0.3
3
1
2
1
2.0
15
0.8
15
0.3
1
0.3
3
0.8
4
13.8 124
- 1200

0.3
0.4
0.3
0.1
0.2
0.1
1.3
1.3
0.1
0.3
0.3
9.8
100

Table – 3: Yearly income of the households
Mean Yearly HH income (in BDT)
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Share in HH income

Crop
Vegetables
Fruits
Trees
Poultry
Livestock
Fisheries
Agricultural Labor
Wage
Non-agricultural
Labor Wage
Shop
Business
Lease
Rent
Salary
Transportation
Cottage Industry
Remittances
Gifts
Pension
Social Safety Net
Programs
Other
Total

Credit Recipient Credit NonHHs
Recipient HHs
Total
40682
40743
40702
5711
10207
7087
2749
3632
3002
12292
8921
10606
3165
3126
3150
15676
14988
15445
11084
10885
11017

Credit NonCredit
Recipient
Recipient
HHs
Total
HHs
19.1
18.7
19.0
0.8
1.3
1.0
0.3
0.4
0.3
0.3
0.3
0.3
0.7
1.2
0.8
2.6
2.0
2.4
0.8
1.1
0.9

37793

31498

35869

14.3

12.8

13.8

38298
61219
96013
52019
37192
97837
66941
29800
168500
15728
26078

48424
40275
127072
58300
10700
110389
58863
13120
197500
21431
17079

41117
55849
105230
54317
30569
102441
65638
24240
181389
18486
22141

10.8
2.3
13.1
0.7
0.3
10.6
8.4
0.4
6.1
1.5
0.5

9.0
1.1
10.8
1.2
0.0
13.7
3.5
0.2
10.9
4.3
0.4

10.2
1.9
12.3
0.8
0.2
11.6
6.7
0.3
7.7
2.4
0.5

4252
42467
124008

3669
41794
139595

4032
42230
129164

0.8
5.8
100

0.9
6.1
100

0.8
5.9
100

Food Security Status of the Respondents:
In the context of food security, as shown in chart 1, people of Habigonj never felt worried about
not having enough food, whereas around 25% respondents of Rangpur are often worried about
food. The corresponding % for Habiganj is only 7.5% and as for Feni it is also a moderate 12.5%.
As shown in Chart 3, 17.9% of respondents from Rangpur reported that they ‘often’ eat lesser
number of meals in a day and 27.9% expressed that ‘sometimes’ they eat lesser meals in a day.
In terms of the pattern of food greater % of people from Rangpur and Habiganj reported that
they often consume limited variety of food (Chart 2). Chart 4 shows the extreme scenario where
the respondents were asked ‘how often they had no food to eat’ and as expected a significant %
of households from Habiganj (91.7%) and Feni (81.7%) reported to have never experienced such
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a situation in last month whereas the corresponding figure for the respondents of Rangpur is
only 48.8%. In addition, as high as 11.7% of the people of Rangpur reported to have no food to
eat.

Chart – 1: Percentage of households worried about not having enough food in last month

Chart – 2: Percentage of households consumed a limited variety of food in last month
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Chart – 3: Percentage of households ate fewer meals a day in last month

Chart – 4: Percentage of households having no food

Food Security and Credit:
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As revealed in Chart 5, there exist negative correlation between receiving credit and food
insecurity as the correlation coefficient between amount of credit and (i) having one meal a day,
(ii) having two meals a day and (iii) having inadequate protein in negative. On the other hand,
amount of credit is positively correlated with having adequate amount of rice and protein.

Have a meal in a day(How many days in last year)
0
50
100
150

Have meal twice in a day(How many days in last year)
0
100
200
300
400

Chart – 5: Correlation between amount of credit received and food poverty status
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300000
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Had two meals a day (-0.15)

40

Had adequate rice but inadequate protein (0.17)

Have adequate rice and protein in a day(How many days in last year)
0
100
200
300
400

Have adequate rice but inadequate protein in a day(How many days in last year)
0
100
200
300
400

Had one meal a day (-0.09)

100000

0

100000

200000
Amount of loan received

300000

Had adequate rice and protein (0.25)
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Credit Scenario of Households:
As shown in Table 4, as high as 44.6% of the credit recipients depend on NGOs for credit
whereas 14.4% seek loan from informal sources like money lenders. Neither public nor
private commercial banks are found to be a preferable source for the respondents. In terms
of utilization of credit, as revealed in Table 5, around 16% respondents reported to have
used it for agriculture where as 15.32% reported to use it for consumption of food.
Table – 4: Sources and average interest rates of credit
Sources of credit
Percentage of credit recipient HH's Average Interest Rate
Private Commercial Bank
0.75
12.8
Public Commercial Bank
5.22
12.5
Krishi Bank
5.47
10.3
NGO
44.6
17.2
Cooperative
6.58
50.4
Relative or Friends
19
10.1
Money-lender
14.4
71.9
Other
3.98
21.3
Total
100
25.4
Table – 5: Purpose of taking loan (shown formally) and actual use of loan
Percentage of credit recipient HH's
Purpose of Loan Actual Use of Loan
Food Consumption
12.28
15.32
Buying Property
15.88
13.7
Marriage
2.98
3.36
Health Purposes
5.46
6.48
Education Purposes
1.99
2.24
Agriculture
18.11
15.57
Repayment of Loan
5.33
7.35
Others
37.97
35.99
In Chart 6, we attempt to analyze the relationship between credit and cost of input and we find
that the key purposes credit is used are: (i) transportation and storage; (ii) fertilizer and
pesticides and (iii) irrigation.

Chart – 6: Average proportion of input costs paid by credit
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