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TRENDS IN THE AVAILABILITY OF AGRICULTURAL LAND IN 

BANGLADESH 
 

 
 

EXECUTIVE SUMMARY 
 

 
 

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 (SRDI) in 2010 crop 

agriculture land  covers  9.5 million hectares in Bangladesh. On the other hand,  Bangladesh 

Bureau of Statistics (BBS) estimated 8.52 million hectares is under crop land in 2010-11 and the 

Department of Agriculture Extension (DAE) stated in the Krishi (agriculture) Diary (2011), it is 

about 9.098 million hectares. Differences are due to the methodology employed by different 

organizations and time required for one cycle of survey. 

 
The information regarding the shifting rate of agricultural land to non-agricultural use has been 

reported to be about 1% per year (UNDP 2003). This rate of shifting 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 estimated land transfer from agriculture to non-agriculture sector using aerial photographs 

and found approximately 0.13% change per year during the period 1963 to 1983 (Rahman and 

Hasan, 2003). It is likely that the shifting rate may be much faster during the 2000s till date, 

because of faster economic growth and the infrastructure development implied. 

 
From the data available in BBS the decline of agricultural land (crop agriculture) is about 0.27 

percent annually from 1976-77 to 2010-11 and 0.42 percent annually from 1976-77 to 2000-01 

There is slight increase of agricultural land from 2000-01 to 2010-11 with annual average of 

0.14% percent. 

 
Using various sources including BBS, Rahman (2010) estimated the overall land area increase by 

4% from 1948 to 2006, due to reclamation of char lands and the cultivable land recorded an 

overall decline of 0.10% 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 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 
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agricultural system and environment is an essential first step to understanding current and future 

food security issues of  Bangladesh.  Bangladesh  needs to  collect  its own intelligence about 

agricultural  systems  to  develop  a  comprehensive  strategy  in  order  to  ensure  secured  food 

supplies and maintain peace and stability. 

 
The land and resource inventory, monitoring and updating of land use in the conventional way 

through a field survey is very expensive and the existing methods used to perform this work 

requires comparatively longer time. Remote sensing technology that records data periodically of 

the earth surface can be used as an alternative to support of field research mainly to measure 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 has strong capacity in data integration and analysis 

and visualization, become the main tool to support LUP approaches. Therefore, 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. 

 
Methodology:  The  study  has  been  conducted  through  (i)  digital  interpretation  of  satellite 

imagery (ii) secondary information and (iii) ground truthing 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. Space-borne satellite imageries 

(Landsat, MSS/TM/ETM) available between 1976, 2000 and 2010 were 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. The base-year of satellite image analysis 

was 1976. Midpoint of images was selected of 2000 as because most shifting of agricultural land 

to non-agricultural land occurred after 1999, as because annual growth rate (GDP) reaches 5% 

and beyond. The annual growth rate of GDP was 4.20%, 4.77%, 5.60%, 6.30% and 6.38% 

during 1991, 1995, 2000, 2005 and 2010 respectively. More specifically, satellite imageries were 

digitally interpreted with unsupervised and supervised 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 were determined with geo- 

referenced maps, where land reclaimed from river and coastal sedimentation (e.g. char lands) 

were also mapped and measured. Qualitative and quantitative surveys as well as satellite imagery 

and GIS techniques were used for interlinking spatial and relevant data to get the outputs. 

Remote sensing image analysis was done 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. 



6 
 

 

The relevant secondary data available in 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 were used. Yearbooks of Agricultural Statistics of Bangladesh 

published by the Bangladesh Bureau of Statistics (BBS) and other relevant secondary data have 

also  been  used  in  the  study.  The  land  cover  change  database  created  from  the  digital 

interpretation of satellite imagery and manual interpretation of aerial photographs were verified 

through ground survey in the randomly selected sites. GIS data management systems have been 

followed to estimate relocation trends of land resources. Computed trends of changing land use 

were verified with the existing database available in secondary sources especially BBS. 

 
Findings: 

Agricultural land: 

Agricultural land included cropland, forest, mangrove forest, river, lake (Kaptai), beel and haor, 

tea estate and salt pan. The area under agricultural land was 13303654 ha which 91.83 percent of 

the country was in 1976. This agricultural land has been decreased to 12742274 ha with the 

annual loss of 23391 ha in 2000 and again with annual loss of 56537 ha it reaches to 12176904 

ha in 2010. The annual loss of agricultural land during the study period (1976-2010) was 33140 

ha. This indicates that the availability of agricultural land was in decreasing trend with much 

faster during the period from 2000 to 2010. Considering percentage of the total land mass the 

area lost annually from agricultural land is 0.172, 0.416 and 0.244 percent during 1976-2000, 

2000-2010 and 1976-2010 respectively. Again considering acreage of agricultural land in 1976 is 

the base then annual land lost from agriculture is 0.176, 0.444 and 0.249 percent during 1976- 

2000, 2000-2010 and 1976-2010 respectively. 

 
Crop land: Crop land included land under cultivated, cultivable waste and current fallow. Crop 

land covering maps of Bangladesh produced by using Landsat MSS 1976 and Landsat TM 2000 

and Landsat TM 2010 showed that the total area under crop land was estimated at 9,761,450 ha 

in 1976, in 2000 it was 9,439,541 ha and 8,751,937 ha in 2010 corresponding to 67.38, 64.96 and 

60.04% of the total land area in Bangladesh. This indicates that crop land decreased over time 

and this was estimated more than five times during 2000 to 2010 compared to 1976 to 2000. The 

annual land loss from crop land was estimated at 13413 ha (0.137%) during 1976-2000 and 

68760 ha (0.728%) during 2000-2010, considering the area (ha) under crop land in 1976 and 

2000 as the base. Though the shifting rate is far below the estimation done by Planning 

Commission (2009), i.e., 82000 hectare/year, still it is very alarming, as because food security is 

the main economic and political concern of Bangladesh. However, the overall rate of decrease in 

crop land was 0.304% during 1976-2010. 

 
Forest: The area occupied by forest was 1754917 ha in 1976 which was 12.11% of the total land 

mass of the country. However, forest area decreased to 1311121 ha which was 9.02% in 2000 

and  then  increased  to  1434136  ha  or  9.84%  of  Bangladesh  in  2010.  The  annual  trend  of 

decreasing forest area was 18492 ha (1.054%) from 1976 to 2000 and that of increasing trend 

was 12302 ha (0.0938%) from 2000 to 2010. 
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Mangrove:  The area under mangrove was 452444 ha i.e. 3.12% of the total area of Bangladesh 

in 1976. This study revealed that the area slightly increased (1431 ha annually) and become 

3.35% in 2000 and thereafter decreased significantly to 3.03% in 2010 and annual decrease rate 

is 4534 ha. It was estimated that the annual rate of increasing mangrove area was 0.01% during 

the period 1976 to 2000. This increase of mangrove forest may be due to mangrove plantation of 

132000 ha of land along the shore land of coastal districts up to 2000 as reported by BFD (2011). 

During 2000-2010, mangrove area decreased at the rate of 0.032%, although the overall rate of 

such decrease was 0.003% from 1976 to 2010. 

 
River: The area under river remained almost static during the period from 1976 to 2010 with 

very slight decrease from 1976 to 2000 and slight increase from 2000 to 2010. The total river 

area was 911819 ha in 1976 that very slightly decreased to 888441 ha in 2000 and then slightly 

increased to 939073 ha in 2010 indicating 6.29 percent, 6.11percent and 6.44 percent of the total 

area of Bangladesh in the year 1976, 2000 and 2010, respectively. The annual decrease and 

increase of river area were 974 ha and 5063 ha during 1976-2000 and 2000-2010, respectively. 

From this it is estimated that the rate of annual decrease in river area was 0.007 percent from 

1976 to 2000 and that of increase 0.033 percent from 2000 to 2010 with overall increase 0.004 

percent from 1976 to 2010. 

 
Lake:  Area under lake was estimated 50829 ha (0.35 % of the total area) in 1976 and remained 

almost same area having 51739 ha in 2010 and estimated about 0.35% of the total area of the 

country. However, lake area had been somewhat over estimated i.e. 58261 ha (0.40%) in 2000 

probably due to higher seasonal flooding. 

 
Beel and haor: Area under beel and haor was estimated 239977 ha in 1976 which covered 1.66 

percent of the total area of the country. With the addition of 11797 ha, the area under beel and 

haor rose to 1.73 percent in 2000. Thereafter, there was a slight decrease (1047 ha) of land under 

beel and haor in 2010. It was also estimated that the annual rate of increase was 0.003 percent 

from 1976 to 2000 and that of decrease was 0.001percent from 2000 to 2010 with the overall 

increase of 0.002 percent from 1976 to 2010. Increase of area under beel and haor during 1976 to 

2000 may be because of some area like beel Dakatia got under permanent water logging due to 

faulty flood management. Decrease of area under beel and haor during 2000 to 2010 may be 

because of some initiatives taken by the government to reduce the water logging in some area 

and also because of time of satellite image taken. 

 
Aquaculture: Area under aquaculture was estimated only 582 ha in 1976 which noticeably 

increased to 143506 ha in 2000 and that was 0.99 percent of the total area of the country. 

However, the areas under aquaculture are increasing even after 2000 and stood 175663 ha which 

was 1.20 percent of the total area of the country. The annual rate of increasing aquaculture area 

was 0.041 percent and 0.022 percent for the period 1976 to 2000 and 2000 to 2010, respectively. 

However, the overall annual rate of increasing aquaculture area was 0.035 percent in respect of 

total area of Bangladesh.  It may be mentioned here that the ponds within the homestead were 

excluded from the estimation of aquaculture. 
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Tea garden: Land cover including tea estate area was 119847 ha in 1976 and increased to 

138533 ha in 2000 with the annual rate of increase by 0.005 percent. Thereafter, area under tea 

estate declined annually at the rate of 0.029 percent and reduced at 96152 ha in 2010. However, 

the overall decrease in tea estate has been estimated at 0.005 percent annually. 

 
Salt pan: Area under salt production has been consistently increasing in the coastal region in 

Bangladesh.  It  was  only 11789  ha,  which  was  estimated  0.08  percent  of  the  total  area  of 

Bangladesh in 1976. However, this area has increased to 24306 ha and 36022 ha with the 

estimated rate of 0.17 percent and 0.25 percent of the total in 2000 and 2010, respectively. The 

rate of increase in salt pan area was 0.004 percent during the years 1976 to 2000 and that of 

0.008 percent during the years 2000 to 2010. The average rate of increasing salt pan area was 

0.005 percent of the total area during the study period. Annual land gained in salt pan was 522, 

1172 and 713 ha during 1976-2000, 2000-2010 and 1976-2010 respectively. 
 

 
 

Non-agricultural land: 

 
Non-agricultural land included rural settlement, urban and industrial area and accreted land. The 

area under non-agricultural land as estimated in this study was 1183605 ha, which was 8.17 

percent in 1976, which increases to 1788307 ha or 12.31 percent in 2000 and which further 

increases to 2400867 ha or 16.47 percent in 2010. Considering percentage of total land mass land 

gained under non-agricultural land gained at annual rate of 0.172, 0.416 and 0.244 percent during 

1976-2000, 2000-2010 and 1976-2010 respectively. Considering area (ha) under non-agricultural 

land in 1976 and 2000 is the base, land gained during 1976-2000, 2000-2010 and 1976-2010 at 

annual rate of 2.129 percent (25196 ha), 3.425 percent (61256 ha) and 3.025 percent (35802 ha) 

respectively. 

 
Rural settlement: Area under rural settlement was estimated 885637 ha in 1976 occupying 6.11 

percent of the total area of the country. Rural settlement area consistently increased over time at 

a greater rate and become 10.03 percent (1458031ha) in 2000 and 12.12 percent (1766123 ha) in 

2010. The annual rates of increasing rural settlement area were 0.163 percent and 0.208 percent 

during 1976-2000 and 2000-2010, respectively. The overall annual rate of increase in rural 

settlement was 0.177 percent during 1976-2010. From this study it is revealed that rapid growth 

of rural settlement is the main driver of the declining agricultural land specially crop land. It is 

estimated that annually 23850 ha of land went to rural settlement during 1976 to 2000 and 30809 

ha of land during 2000 to 2010. 

 
Urban and industrial area: There is significant increase in urban and industrial areas of the 

country during the period from 1976 to 2010. The total urban and industrial area was 26799 ha in 

1976 that expanded to 47495 ha in 2000 and dramatically increased to 87616 ha in 2010. This 

indicates that the percent increase was almost double from 1976 to 2000 and more than three 

times from 1976 to 2010. The annual rate of increase was also higher (0.027%) during 2000- 

2010, although the increase was only 0.006 percent during 1976 to 2000.  
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However, overall annual rate of swelling urban and industrial area was 0.012 percent in respect 

of total area of Bangladesh. During 2000 to 2010 annually 4012 ha of land went to urbanization 

and industrialization. Highest growth of urban and industrialization occurs in Dhaka Division 

(1995 ha/year), next to Dhaka is Chittagong (756 ha/year), Sylhet secure third position (533 

ha/year) and the lowest in Rangpur (115 ha/year). 

 
Accretion: Accretion of land area in the river system of Bangladesh was much faster during the 

period from 2000 to 2010 compared to the period from 1976 to 2000. The accreted land area was 

estimated at 271169 ha in 1976 and only 11612 ha land was added by the year 2000, while it was 

264347 ha during 2000-2010. The rate of land accretion was 1.8, 1.95 and 3.75 percent in 1976, 

2000 and 2010, respectively. From this, it was estimated that the annual rate of accretion was 

0.003 percent during 1976-2000 and 0.180 percent during 2000-2010 with an average of 0.055 

percent during 1976-2010. Subarna char, Nijhum Dwip under Noakhali District is the best 

example of accretion. 
 

 

Key words: Land lost from crop agriculture is at the rate of 68700 ha or 0.728% and land gained 

in homestead, urban and industrialization, and aquaculture is 30809 ha, 4012 ha and 3216 ha 

respectively annually during 2000-2010. 
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TRENDS IN THE AVAILABILITY OF AGRICULTURAL LAND IN 

BANGLADESH 
 

1. INTRODUCTION 
 

Agriculture has a strategic function, because it is the main food supplier for the 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 crop 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) and  BBS  (Yearbook  of 

Agricultural Statistics of Bangladesh, 2011) availability of cultivable land since 1976-77 to 

2010-11 are as follows: 
 

Table.1.1. Availability of agricultural land since 1976-77 to 2010-11.  
(Area in million hectares) 

Year Total land 
area of 

Bangladesh 

Net 
cultivable 

land 

% Net 
cultivable 

land 

Year Total land 
area of 

Bangladesh 

Net 
cultivable 

land 

% Net 
cultivable 

land 

1976-77 14.28 9.39 65.75 1994-95 14.84 8.77 59.10 

1977-78 14.28 9.38 65.68 1995-96 14.84 8.72 58.76 

1978-79 14.28 9.38 65.68 1996-97 14.85 8.24 55.49 

1979-80 14.29 9.39 65.71 1997-98 14.85 8.36 56.30 

1980-81 14.29 9.38 65.64 1998-99 14.85 8.43 56.77 

1981-82 14.29 9.38 65.64 1999-00 14.85 8.45 56.90 

1982-83 14.29 9.36 65.50 2000-01 14.85 8.40 56.57 

1983-84 14.45 9.46 65.47 2001-02 14.84 8.48 57.14 

1984-85 14.48 9.43 65.12 2002-03 14.84 8.42 56.74 

1985-86 14.48 9.44 65.19 2003-04 14.84 8.40 56.60 

1986-87 14.70 9.51 64.69 2004-05 14.84 8.44 56.87 

1987-88 14.84 9.82 66.17 2005-06 14.84 8.42 56.74 

1988-89 14.84 9.84 66.31 2006-07 14.84 8.41 56.67 

1989-90 14.84 9.78 65.90 2007-08 14.84 8.65 58.29 

1990-91 14.84 9.72 65.50 2008-09 14.84 8.64 58.22 

1991-92 14.84 9.09 61.25 2009-10 14.84 8.63 58.15 

1992-93 14.84 8.75 58.96 2010-11 14.84 8.52 57.41 

1993-94 14.84 8.75 58.96 - - - - 
Source: BBS. Note: Agricultural land is the summation of cropped land, current fallow and culturable waste. 
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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 through their Sub-Assistant 

Agriculture Officers posted in every union of the country and the time period of survey is also 

very short. 

 
Table 1.1 also illustrates big differences in the area of agricultural land between BBS, DAE and 

SRDI. BBS collects data through Upazila/Thana Statistical Officer in  prescribed forms and 

questionnaires. After checking and compiling those data at regional office they are sent to the 

Agricultural Wing of BBS Head Quarter. BBS also uses secondary data collected from other 

organizations such as the Department of Forestry, Department of Fisheries, Bangladesh 

Meteorological   Department   (BMD),   Bangladesh   Agricultural   Development   Corporation 

(BADC), Department of Marketing and the DAE. BBS also includes various land and soil related 

information generated in SRDI. BBS publishes various reports incorporating all source of data in 

every year. 

 
The information regarding the shifting rate of agricultural land to non-agricultural use has been 

reported to be about 1% per year (UNDP 2003). This rate of land transformation is considered 

most alarming for sustainable crop production and food security in Bangladesh (Rahman and 

Hasan, 2003). 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 

rate of shifting 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. 

 
In this connection, SRDI estimated land transfer from agriculture to non-agriculture sector using 

aerial photographs  and Landsat imageries and  found approximately 0.13% change per  year 

during the period 1963 to 1983 (Rahman and Hasan, 2003). It is likely that the shifting rate may 

be  much  faster  during  the  2000s  till  date,  because  of  faster  economic  growth  and  the 

infrastructure development implied. 

 
From Table-1.1, decline of agricultural land is about 0.26 % annually from 1976-77 to 2010-11 

(34 years average), 0.42% annually from 1976-77 to 2000-01 (25 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). There is slight increase of agricultural land from 2000-01 to 2010-11(average 

0.14%). 

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 0.10% annually, assuming transfer to housing, road and industrial 

infrastructures. Center for Environmental and Geographic Information Service (CEGIS) reported 
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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 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 understanding current and future 

food security issues of  Bangladesh.  Bangladesh  needs to  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 land and resource inventory, monitoring and updating of land use in the conventional way 

through a field survey is very expensive and the existing methods used to perform this work 

requires comparatively longer time. Remote sensing technology that records data periodically of 

the earth surface can be used as an alternative to support of field research mainly to measure 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 has strong capacity in data integration and analysis 

and visualization, become the main tool to support LUP approaches. Therefore, this research 

aims to for detecting changes in agricultural activity and environment using remote sensing 

technology. 

 
Research objectives 

 
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. 

 
Key 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? 
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d)  What was the allocation of the total land to various uses at national and sub-national level 

in Bangladesh during 1970s? 

e)  What was the allocation of the total land to various uses at national and sub-national level 

in Bangladesh during 2000s? 

f) What is the existing allocation of the total land to various uses at national and sub- 

national 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? 
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2. LITERATURE REVIEW 
 

 

Land use survey was practically started in Bangladesh during the year 1962 by the then Soil 

Survey Project of Pakistan (presently SRDI) through Reconnaissance Soil Survey (RSS). The 

survey was carried out through the interpretation of aerial photographs and field survey. As the 

survey output map scale was 1:125000, the boundary line could not be drawn between different 

land uses. SRDI produced Land Use Map for each surveyed area and incorporated in RSS reports 

and described land uses as different categories of agriculture, mangrove forest, mud flat and non- 

agricultural uses as miscellaneous land uses. 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 these reports SRDI produced first National Land Use Map in 1975 with major 

thrust on agriculture. 

 
SRDI started semi-detailed soil survey at upazila (sub-district) level and produced Soil and 

Landform map in the scale of 1:50,000, where homestead, urban, river, water bodies, major 

communication network have been shown.  In 1996, SRDI prepared second Land Use Map based 

on  RSS and  semi-detailed  soil  survey findings.  This  map  revealed  that  about  78.3  percent 

(115,54,731 ha) of total land was under agriculture and only 7.1 percent under miscellaneous 

uses including urban, river and water bodies. Upland forest covered about 10.8 percent and 

mangrove forests both natural and planted covered 3.4 percent of the country (SRDI, 1996). 

SRDI published third Land Use Map in 2004 which was totally based on semi-detailed soil 

survey output (SRDI, 2004). 

 
Recent information shows that at present total forest land is about 2.52 million hectare which is 

17.08 percent of Bangladesh. Out of this forest area, 1.52 million hectare includes reserved, 

protected, acquired and mangrove forest on the newly accreted land in estuaries of major rivers 

and managed by Forest Department and 0.73 million hectares of land designated as un-classed 

state forest (USF) and are under controlled of the Ministry of Land. Village forest (homestead 

land) credits most productive tree resources base in the country and accounts for remaining 0.27 

million hectare. 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, 2011). The shifting rate of agricultural land to non-agricultural use is said to be about 

1.0% per year (South Asian Human Resources Development Report, 2003 by UNDP) or over 80 

thousand hectare 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, 2011). 

 
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, 
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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 years (1983-2003) and 25 (1978-2003) years, 

respectively i.e. more than one percent per year (Quasem 2011). The recently completed report 

on Agriculture Sample Survey of Bangladesh-2005 by Bangladesh Bureau of Statistics (BBS) 

does not, however, shows such a high rate of decline in cultivated land. Total cultivated land of 

all holdings in rural Bangladesh was 7.19 million hectares in 1996 and in 2005 it was 7.17 

million hectares, which is almost the same as in 1996  i.e. before nine years (Quasem, 2011). 

 
2.1. 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 gross domestic product (GDP) and 65 percent of the labor force 

(World Bank, 2009 as described by Planning Commission, 2009). It has been reported that 

because of food demand of 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  uses.  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. 

 
In Bangladesh, aerial photography as Remote sensing tools was first widely used in 

Reconnaissance Soil Survey (RSS) during 1964 to 1975. A total 34 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 (FAO,1988). 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, land use, water resources for 

local/micro level agriculture planning and development. From this survey, 459 Thana/Upazila 
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Nirdeshika were prepared during 1984 to 2002, and later on 180 Upazila Nirdeshika were 

updated during 2003 to 2011. The soil land, land use and water resources information along with 

agro-climatic database provided in the Nirdeshika are being extensively used by the government 

to formulate agricultural planning and extension agents as support service of the farmers for land 

use and crop production. 

 
2.2. 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 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. 

 
2.3. GIS in land use planning 

 
For a sustainable land use plan, now-a-days, 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 has 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.,  2007),  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). 
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2.4. Land cover/Land use (LCLU) 

 
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 land-cover 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 change, and produce regionally and globally integrated models (Lambin et al. 1999; Geist 

2002). 

 
2.5. Land cover of Bangladesh 

 
Bangladesh is one among the highly populated countries in the world with population density of 

2,910 m
-2

. 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 (1977-2000) and gives an immediate measure of the nature, extent 

and rates of change (Uddin and Gurung, 2010). 

 
Natural land cover is changed due to 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 
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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). 

 
2.6. Landsat satellite image 

 
Remote sensing is a technique for measuring,  observing or monitoring a process or object 

without  physically  touching  the  object  under  observation  (Figure  2.1).  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 remote sensing is an image of 

the Earth's surface which we can visualize and interpret as if it were a 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 × 98.4 feet). 
 

 

 

Fig.2.1. Data collection by remote sensing. 
 

 
 

2.7. 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 
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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 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 decision-making 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, and 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. A GIS 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 
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modeling associated 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. (2003) 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 km
2 

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 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. 
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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 km
2
, 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, 

moderately 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. 

 
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. 
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2.8. Participatory approach (top-down and bottom-up) 
 

The responsibility of multidisciplinary experts such as agriculture, soil science, remote sensing 

and GIS application, natural resource management and food production have articulated in the 

present  initiative  of  land  cover  change  patterns.  Moreover,  workshops  and  round  table 

discussions with academicians from different disciplines endorsed research methodology and 

format of data presentation. In addition, verification of science-based results from satellite image 

interpretation with the existing realities in the fields confirmed the involvement of local people 

from different professions. Above all, national workshop participants and TAT member‟s 

input/suggestion focused food production planning and policy relevance in national, regional and 

global scales. All the activities support the relevance of 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 socio-economic condition of a 

coastal area. They employed such activities as informal stakeholder meetings and workshops, 

field survey, and community integration. A successful decision-making 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 2.2). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.2. 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, power for authority and control, and  financial and 

political capital. 
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The concept of a simultaneous top-down (national level) and bottom-up (local levels) has been 

“national policy setting and 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 

2.3). 
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Fig. 2.3. National and local participation experience showing horizontal and vertical integration 

(source: Bass et al. 1995; Hossain et al. 2007). 
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2.9. Sustainable development 
 

Following the Rio Earth Summit in 1992 governments throughout the world have been called 

upon to develop „national plans, policies and processes‟ to ensure the implementation of 

sustainable development. In connection to this, land use planning has recognized as a central 

vehicle to achieve the objectives on the environmental, economic and socio-cultural dimensions 

of „development‟ that are to be „sustained‟. The present initiative on long-term trends of 

agriculture land coincides with the approach of sustainable development and MDGs addressing 

food production and livelihood security. So, the present project has close relations with 

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”. 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). 
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Fig. 2.4. Sustainable and unsustainable approaches to coastal resource use 

(Dutton and Hotta, 1994). 
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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  et  al.,  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, sustainable 

management approaches to coastal area management to be devised and adopted (Figure 2.4). 

 
The present initiatives of digitally analyzed satellite imagery of a longer period (1976-2010) are 

basically to measure decadal variation in land cover changes in Bangladesh. It is the milestone of 

advanced science-based study with whole country as the study area at a time. On the other hand, 

all the previous studies were either totally survey based, or image (aerial photographs) analysis 

plus survey taking longer period, some time more than 10 years for one cycle of survey, or 

sampling survey. Therefore, the present study is expected to provide much accurate result of 

changing scenario of land availability and utilization pattern in Bangladesh. 
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3. METHODOLOGY 
 

The study has been conducted through (i) digital interpretation of satellite imagery (ii) secondary 

information and (iii) ground truthing in selected locations of Bangladesh. A total of 16 scenes 

(path 136 row 46 is excluded from the study as because this scene is in Bay of Bengal and path 

135 row 46 has some overlapping with path 136 row 46) of Landsat MSS and TM/ETM imagery 

from path 135-139 and row 42-46 covered the entire Bangladesh have been analyzed digitally 

(Figure 3.1). The detail methodology of the digital interpretation of satellite image is presented in 

Figure 3.2. 
 

3.1. Digital interpretation of satellite image 
 

Space-borne satellite imageries (Landsat, MSS/TM/ETM) available between 1976, 2000 and 

2010 were 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 imageries were digitally 

interpreted with unsupervised
1 

and supervised
2 

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 were determined with geo- 

referenced maps, where land reclaimed from river 

and coastal sedimentation (e.g. char lands) were 

also mapped and measured. Qualitative and 

quantitative surveys as well as satellite imagery 

and GIS techniques were used for interlinking 

spatial  and  relevant  data  to  get  the  outputs. 

Remote sensing image analysis was done 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. Fig. 3.1. Path and row map of Landsat 

satellite over Bangladesh by NASA 
 

1 
Use of 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 



29 
 

 

DIGITAL INTERPRETATION OF SATELLITE IMAGES 
 

SATELLITE IMAGES (Landsat 1970s - 2010s) 
 

 

Unsupervised 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 

Supervised Classification 
• 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 

 

 
 
 
 

 
• Class combination 

• Class clumping 

• Class generalization 

POST CLASSIFICATION 

• Fine tuning of land cover classes 

• Export classes to vector (Raster to vector) 

• Prepare mapping format (shape file) 
 

 
 
 
 
 
 
 

Ground 
truthing 

GIS ANALYSIS 
• 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) 

 
 

Fig. 3.2. Digital interpretation of satellite image for agricultural land availability 
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Time series aerial photographs for some selected and randomized location of the country have 

been analyzed using high configuration stereoscope to determine the change in agricultural land 

to non-agricultural use. 

 
3.2. Secondary information 

 
The relevant secondary data available in 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 were used. Reconnaissance Soil Survey Report (RSS) produced 

by SRDI were used to verify data obtained through digital analysis of satellite images of 1976. 

For example in the analysis of images of 1976, some area of Dinajpur and Rangpur was found 

covered by forest but new images shows no forest. To verify this RSS were consulted and found 

that there was forest at that time. 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 were used to verify the 

land use identified during analysis of satellite images of 2000 and 2010.   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) 

have also been used in the study, to compare that data obtained through digital analysis of 

satellite image analysis with BBS. 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 (SPARRSO), Centre for Environmental and 

Geographic Information Services (CEGIS) and different universities have been used for the 

satellite image classification. BWDB, WARPO and BIWTA have database on river system and 

SPARRSO, CEGIS have data and maps on riverbank erosion. 

 
3.3. 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 were verified through ground survey in the randomly 

selected sites with the help of 20 Field Offices of Soil Resources Development Institute (SRDI). 

Along with SRDI field offices ground truthing (verification) were done by the research team 

using GPS. The relevant secondary data collected from various sources were also useful for 

triangulation of the satellite image classification. 

 
3.4. Cross-tabulation for error matrix analysis 

 
The classification error matrix for the Landsat TM image was conducted to quantify the 

incorrectly classified sites, based on field verification sites. The Kappa Index of Agreement 

(KIA) was 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 indicated that the two 

outputs were in perfect agreement (no change has occurred), whereas if the two outputs were 

completely different  from  one  another,  then  the  Kappa  value  was  -1.  The  Kappa  (K)  and 
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Kendall‟s tau (T) coefficients were determined using SPSS software (version 11.5) to indicate 

the level of agreement between digitally interpreted land and existing land area of the country. 

 
3.5. Land cover maps 

 
The land cover mapping was carried out using the FAO Land Cover Classification System 

(LCCS) and the major land use patterns were extracted from satellite image of Landsat MSS, TM 

and/or ETM using digital interpretation techniques. Temporal land use patterns were measured in 

the following format. 
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Table.3.1. Measurement Format for temporal land use pattern. 

 
Land categories General characteristics Area 

Km
2
/Ha % 

1. Agricultural land    

a. Cultivated Crop agriculture   

b. Cultivable waste 

c. Current fallow 

d. Reserve forest All forest excluding homestead 
forest/garden and roadside trees. No 

legal classifications of forest. 

  

e. Acquired forest 

f. Vested forest 

g. Protected forest 

h. Khash land 

i. Un-classed forest 

j. Mangrove forest Sundarban + planted mangrove   

k. Aquaculture (inland and coastal) All aquaculture excluding 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, district, 
city, town, local) 

As defined by Roads & Highways 

department + LGED (separable in 

image) + from secondary information 

  

d. Industrial zone EPZ‟s + Separate Industrial zones + 
Industrial areas with non-separable 

settlements 

  

e. Erosion-prone zone River erosion.   

f. Newly accreted zone Newly accreted areas in Coastal 
Zones and char lands upstream of 

Ganges, Brahmaputra, Meghna 

  

g. others Not defined above.   

Total    
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3.6. Trend of changing land use 
 

GIS  data  management  systems  have  been  followed  to  estimate  relocation  trends  of  land 

resources. Computed trends of changing land use were verified with the existing database 

available in secondary sources especially BBS. 

 
3.7. 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 were addressed 

by survey and monitoring with the help of focus group discussions (FGD), semi-structured 

interview and participatory field visit(Appendix-I). The District Officer of SRDI, Co- 

Investigators and the Research Associates conducted the interviews. To produce useable outputs, 

observations were recorded as drawings and notes. A set of guidelines (checklist of topics) have 

been developed for the interviews in order to get the most complete information and to keep the 

team members on the same course. 

 
3.8. Data analysis 

 
Statistical analyses were done to analyze data obtained from survey and secondary information. 

Tables, graphs and figures have been drawn to present the findings. The expected outputs were 

presented in the form of digital maps of classified satellite image in GIS context with ground 

truthing and cross-tabulation validation. The GIS-based maps contained all the user-friendly 

information such as legend, direction and scale. Maps were interpreted using simple and 

understandable language for wider acceptance to the policy makers, extension managers and 

researchers. In addition, statistical tables and graphs were also generated using Microsoft Excel 

and/or SPSS software. The integration of map, graph, table and text was the innovation of the 

interdisciplinary research team from the recognized universities and research organization of 

Bangladesh. 
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4. RESULTS AND DISCUSSION 
 

 

Land is the major source of wealth and livelihood in rural Bangladesh, as in other South Asian 

countries, although the land-man 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. This research aims to detect 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. 

 
To fulfill these objectives, the study has been conducted through (i) digital interpretation of 

satellite imagery (ii) secondary information and (iii) ground truthing in selected locations of 

Bangladesh.  A total of 14 scenes of Landsat MSS and TM/ETM imagery from path 135-139 and 

row 42-46 covering the entire Bangladesh have been digitally analyzed. Three sets of satellite 

imagery were analyzed. The base-year of satellite image analysis was 1976. Midpoint of images 

was selected of 2000,s as because most shifting of agricultural land to non-agricultural land 

occurred after 1999, as because annual growth rate (GDP) reaches to 5% and beyond. The annual 

growth rate of GDP was 4.20, 4.77, 5.60, 6.30 and 6.38 during 1991, 1995, 2000, 2005 and 2010 

respectively. The changes in land use category over time are shown in simple average of hectare 

and percentage per year. 

 
4.1. Land use and Land cover (LULC) at national level 

 
4.1.1. Availability trend of agricultural land 

 
Agricultural land included cropland, forest, mangrove forest, river, lake (Kaptai), beel and haor, 

tea estate and  salt  pan.  The area under  agricultural  land  was  13303654  ha in  1976  which 

constituted 91.83% of the country‟s total land (Table 4.1.1). This agricultural land has decreased 

to 12742274 ha with the annual loss of 23391 ha in 2000 and again with annual loss of 56537 ha 

it reached to 12176904 ha in 2010. The annual loss of agricultural land during the study period 

(1976-2010)  was  33140  ha.  This  indicates  that  the  availability of  agricultural  land  was  in 

decreasing trend with much faster during the period from 2000 to 2010. Table 4.1.1 is showing 

average annual change (%) in land use pattern out of the total availability under each land use. 

Data revealed that the land lost annually from agricultural land are 0.172, 0.416 and 0.244 

percent  during 1976-2000,  2000-2010  and  1976-2010  respectively and  land  gained  to  non- 

agricultural use by 0.172, 0.416 and 0.244 percent annually during 1976-2000, 2000-2010 and 

1976-2010 respectively. 

 
There is evidence in overall land gain during 1976-2010 due to accretion especially in the 

southern part of Bangladesh. Data revealed through digitally analyzed satellite images of 1976, 

2000 and 2010, the overall land area increases by 90512 ha during 1976 to 2010. This land was 

entered in calculation of the percentage of agricultural land out of total land mass. Percentage of 

land area under agriculture, out of 14487259 ha in 1976 is not same as the percentage of land 
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Land cover type Year 1976 Year 2000 Year 2010 Average annual change 
of the % of total (%) 

Area 
(ha) 

% of 
total 

Area 
(ha) 

% of 
total 

Area (ha) % of 
total 

1976- 
2000 

2000- 
2010 

1976- 
2010 

 

area under agriculture out of 14577771 ha as in 2010. Table 4.1.2 is showing average annual 

change in land acreage under different land uses. Data revealed that annual land lost from 

agriculture are 23391 ha, 56537 ha and 33140 ha during 1976-2000, 2000-2010 and 1976-2010 

respectively which is 0.176, 0.444 and 0.249 percent during 1976-2000, 2000-2010 and 1976- 

2010 respectively. 

 
Table 4.1.1. Area and average annual change of the percentage of the total area of different land 

cover types  of the classified  images  Landsat  MSS  1976,  Landsat  TM  2000  and 

Landsat TM 2010. 
 
 
 
 
 

 

Agricultural 

land: 

 

 

13303654 

 

 

91.83 

 

 

12742274 

 

 

87.69 

 

 

12176904 

 

 

83.53 

 

 

-0.172 

 

 

-0.416 

 

 

-0.244 

Crop land 9761450 67.38 9439541 64.96 8751937 60.04 -0.101 -0.493 -0.216 
Forest 1754917 12.11 1311121 9.02 1434136 9.84 -0.129 0.081 -0.067 
Mangrove forest 452444 3.12 486791 3.35 441455 3.03 0.009 -0.032 -0.003 
River 911819 6.29 888441 6.11 939073 6.44 -0.007 0.033 0.004 
Lake 50829 0.35 58261 0.40 51739 0.35 0.002 -0.005 0.000 
Beel and Haor 239977 1.66 251774 1.73 250727 1.72 0.003 -0.001 0.002 
Aquaculture 582 0.01 143506 0.99 175663 1.20 0.041 0.022 0.035 
Tea estate 119847 0.83 138533 0.95 96152 0.66 0.005 -0.029 -0.005 
Salt pan 11789 0.08 24306 0.17 36022 0.25 0.004 0.008 0.005 

Non-agricultural 

land: 

 

 

1183605 

 

 

8.17 

 

 

1788307 

 

 

12.31 

 

 

2400867 

 

 

16.47 

 

 

0.172 

 

 

0.416 

 

 

0.244 

Rural settlement 885637 6.11 1458031 10.03 1766123 12.12 0.163 0.208 0.177 
Urban & Industrial 26799 0.19 47495 0.33 87616 0.60 0.006 0.027 0.012 
Accreted land 271169 1.87 282781 1.95 547128 3.75 0.003 0.181 0.055 

  Total  14487259   100.0   14530581  100.0  14577771  100.0  -  -  -   



36 
 

Table 4.1.2.   Area and average annual change in land acreage (%) under different land cover 

types of the classified images Landsat MSS 1976, Landsat TM 2000 and Landsat 

TM 2010. 

 
Land cover type Year 

1976 
Year 
2000 

Year 
2010 

Annual change by area(ha) Average annual change 
of ha (%) 

Area 
(ha) 

Area (ha) Area 
(ha) 

1976- 
2000 

2000- 
2010 

1976- 
2010 

1976- 
2000 

2000- 
2010 

1976- 
2010 

Agricultural 

land: 13303654 12742274   12176904 -23391   -56537 -33140 -0.176 -0.444 -0.249 
 

Crop land 9761450 9439541 8751937 -13413   -68760 -29692   -0.137 -0.728 -0.304 

Forest 1754917 1311121 1434136 -18492   12302 -9435 -1.054 0.938 -0.538 

Mangrove forest 452444 486791 441455 1431 -4534 -323 0.316 -0.931 -0.071 

River 911819 888441 939073 -974 5063 802 -0.107 0.570 0.088 

Lake 50829 58261 51739 310 -652 27 0.609 -1.119 0.053 
Beel and Haor 239977 251774 250727 492 -105 316 0.205 -0.042 0.132 

Aquaculture 582 143506 175663 5955 3216 5149 1023.2 2.241 884.78 
Tea estate 119847 138533 96152 779 -4238 -697 0.650 -3.059 -0.582 

Salt pan 11789 24306 36022 522 1172 713 4.424 4.820 6.046 
 

Non-agricultural 
land: 1183605 1788307 2400867 25196 61256 35802 2.129 3.425 3.025 

 

Rural settlement 885637 1458031 1766123 23850 30809 25897 2.693 2.113 2.924 
Urban & Industrial 26799 47495 87616 862 4012 1789 3.218 8.447 6.675 
Accreted land 271169 282781 547128 484 26435 8116 0.178 9.348 2.993 

  Total  14487259    14530581  14577771  -  -  -   
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4.1.1.1. Crop land 
 

Crop  land  included  land  under  cultivated,  cultivable  waste  and  current  fallow.  Crop  land 

covering maps of Bangladesh produced by using Landsat MSS 1976 and Landsat TM 2000 and 

Landsat  TM  2010  are  presented  in  Figure  4.1.  Total  area  under  crop  land  was  estimated 

9,761,450 ha in 1976, in 2000 it was 9,439,541 ha and 8,751,937 ha in 2010 corresponding to 

67.38, 64.96 and 60.04% of the total land area in Bangladesh, respectively (Table 4.1.1). This 

indicates that crop land decreased more than 5 times as much during 2000 to 2010 compared to 

1976 to 2000. The annual decrease in crop land was 13413 ha (0.137%) during 1976-2000 and 

68760 ha (0.728%) during 2000-2010 (Table 4.1.1, 4.1.2 & Figure 4.3) considering the area 

under crop agriculture in 1976 and 2000 as the base. Though the shifting rate is far below the 

estimation  done  by  Planning  Commission  (2009),  i.e.,  82000  hectare/year,  still  it  is  very 

alarming, as because food security is the main economic and political concern of Bangladesh. 

However, the overall rate of decrease in crop land was 0.304% during 1976-2010.   Fig.4.1 

showing crop land cover maps of Bangladesh produced by using Landsat MSS 1976 (left panel) 

and Landsat TM 2000 and Landsat TM 2010. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4.1 Crop land cover maps of Bangladesh produced by using Landsat MSS 1976 (left 

panel) and Landsat TM 2000 (middle panel), and Landsat TM 2010 (right panel). 
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4.1.1.2. Forest 
 

The area occupied by forest was 1754917 ha in 1976 which was 12.11% of the total land mass of 

the country. However, forest area decreased to 1311121 ha which was 9.02% in 2000 and then 
 

 
 

Fig.4.2 Forest land cover maps of Bangladesh produced by using Landsat MSS 1976 (left 

panel) and Landsat TM 2000 (middle panel), and Landsat TM 2010 (right panel). 
 

increased to 1434136 ha or 9.84% of Bangladesh in 2010. The annual trend of decreasing forest 

area was 18492 ha (1.054%) from 1976 to 2000 and that of increasing trend was 12302 ha 

(0.0938%)  from  2000  to  2010.  However,  forest  area  has  decreased  at  the  rate  of  0.538% 

(9435 ha) annually from 1976 to 2010. FAO (2006) report says forest cover area in Bangladesh 

remained almost stable during the period from 1990 to 2005 and modified natural forest area was 

in decreasing trend, while tree plantations are increasing to offset the decrease. Fig.4.2 showing 

forest land cover maps of Bangladesh produced by using Landsat MSS 1976 and Landsat TM 

2000 and Landsat TM 2010. 
 

4.1.1.3. Mangrove forest 
 

The area under mangrove was 452444 ha i.e. 3.12% of the total area of Bangladesh in 1976. 

Christensen, B. (1984) reported that the total area of the Bangladesh Sundarbans was 576654 

hectare, of which 406788 hectare was land and the rest water (Christensen, 1984). BFD (2011) 

estimated mangrove forest including water of 601700 hectare, which is 4.07% of total land mass 

of the country. However, this study revealed that the area slightly increased (1431 ha annually) 

and become 3.35% in 2000 and thereafter decreased significantly to 3.03% in 2010 and annual 

decrease rate is 4534 ha. It was estimated that the annual rate of increasing mangrove area was 

0.01%  during  the  period  1976  to  2000.  This  increase  of  mangrove  forest  may  be  due  to 

mangrove plantation to 132000 ha of land along the shore land of coastal districts up to 2000 as 
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reported by BFD (2011). During 2000-2010, mangrove area decreased at the rate of 0.032%, 

although the overall rate of such decrease was 0.003% from 1976 to 2010. 

 

.  

Fig 4.3 Annual net land loss and land gain in Bangladesh (a) during 1976-2000 and (b) during 

2000-2010 under different land use categories. 
Note: Agriculture means crop land. 
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4.1.1.4. River 

 
The area under river remained almost static during the period from 1976 to 2010 with very 

slightly decreased from 1976 to 2000 and slight increased from 2000 to 2010. The total river area 

was 911819 ha in 1976 that very slightly decreased to 888441 ha in 2000 and then slightly 

increased to 939073 ha in 2010 indicating 6.29, 6.11 and 6.44% of the total area in year 1976, 

2000 and 2010, respectively. The annual decrease and increase of river area were 974 ha and 

5063 ha during 1976-2000 and 2000-2010, respectively. From this it is estimated that the rate of 

annual decrease in river area was 0.007% from 1976 to 2000 and that of increase 0.033% from 

2000 to 2010 with overall increase 0.004% from 1976 to 2010.  Fig.4.4 shows mangrove forest 

and river network maps of Bangladesh produced by using Landsat MSS 1976 and Landsat TM 

2000 and Landsat TM 2010. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.4.4 Mangrove forest and river network maps of Bangladesh produced by using Landsat MSS 

1976 (left panel) and Landsat TM 2000 (middle panel), and Landsat TM 2010 (right panel). 
 

 

4.1.1.5. Lake (Kaptai lake) 
 

Area under lake was estimated 50829 ha (0.35 % of the total area) in 1976 and remained almost 

same area having 51739 ha in 2010 and estimated about 0.35% of the total area of the country. 

However, lake area had been somewhat over estimated i.e. 58261 ha (0.40%) in 2000 probably 

due to higher seasonal flooding. 

 
4.1.1.6.  Beel and Haor 

 
Area under beel and haor was estimated 239977 ha in 1976 which was 1.66% of the total area of 

the country. With the addition of 11797 ha area under beel and haor the share rose to 1.73% in 
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2000. Thereafter, there was a slight decrease (1047 ha) of land under beel and haor in 2010. It 

was also estimated that the annual rate of increase was 0.003% from 1976 to 2000 and that of 

decrease was 0.001% from 2000 to 2010 with the overall increase of 0.002% from 1976 to 2010. 

Increase of area under beel and haor during 1976 to 2000 may be because of some area like beel 

Dakatia got under permanent water logging due to faulty flood management. Decrease of beel 

and haor area during 2000 to 2010 may be because of some initiatives taken by the government 

to reduce the water logging in some area and also because of time of satellite image taken. 

Fig.4.5 showing maps of Kaptai lake, Beel and Haor area of Bangladesh prepared based on 

Landsat MSS 1976 and Landsat TM 2000 and Landsat TM 2010. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.4.5  Maps  showing  Kaptai  lake,  Beel  and  Haor  area  of  Bangladesh  prepared  based  on 

Landsat MSS 1976 (left panel) and Landsat TM 2000 (middle panel), and Landsat TM 2010 

(right panel). 
 

 

4.1.1.7. Aquaculture 

 
Area under aquaculture was estimated only 582 ha in 1976 which noticeably increased to 143506 

ha in 2000 and that was 0.99% of the total area of the country. However, the areas under 

aquaculture are in increasing trend even after 2000 and stood at 175663 ha which was 1.20% of 

the total area of the country. The annual rate of increasing aquaculture area was 0.041% and 

0.022% from 1976 to 2000 and 2000 to 2010, respectively. However, overall annual rate of 

increasing aquaculture area was 0.035% in respect of total area of Bangladesh.  Considering the 

acreage under aquaculture in 1976 and 2000 as the base annual land gained is 1023.22, 2.24 and 

884.78 percent during 1976-2000, 2000-2010 and 1976-2010 respectively. Islam, M.R (2013) 

reported that only 1065 ha were under shrimp cultivation in 1989, which increased to 5414 ha in 

2000 and further increased to 9057 ha in 2010, though the study conducted in a small area in 

AEZ-13, through analyzing landsat satellite images and ground truthing. It may be mentioned 
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here that, because of the resolution of satellite images the ponds within the homestead were 

excluded from the estimation of aquaculture. 

 
4.1.1.8. Tea garden 

 
Land cover including tea estate area was 119847 ha in 1976 and increased to 138533 ha in 2000 

with the annual rate of increase by 0.005%. Thereafter, area under tea estate declined annually at 

the rate of 0.029% and became 96152 ha in 2010. However, the overall annual decrease in tea 

estate has been estimated at 0.005%. 

 
4.1.1.9. Salt pan 

 
Area under salt production has been consistently increasing in the coastal region in Bangladesh. 

It was only 11789 ha, which was estimated 0.08% of the total area of Bangladesh in 1976. 

However, this area has increased to 24306 ha and 36022 ha estimated at 0.17% and 0.25% of the 

total in 2000 and 2010, respectively. The rate of increase in salt pan area was 0.004% during the 

years 1976 to 2000 and that of 0.008% during the years 2000 to 2010. The average annual rate of 

increasing salt pan area was 0.005% during the study period. Annual land gained in salt pan was 

522, 1172 and 713 ha during 1976-2000, 2000-2010 and 1976-2010 respectively. 

 
4.1.2. Availability trend of non-agricultural land 

 
Non-agricultural land included rural settlement, urban and industrial area and accreted land. The 

area under non-agricultural land as estimated in this study was 1183605 ha, which was 8.17% in 

1976, which increases to 1788307 ha or 12.31 % in 2000, which further increased to 2400867 ha 

or  16.47%  in  2010.  Considering  percentage  of  total  land  mass,  land  gained  under  non- 

agricultural land estimated at annual rate of 0.172, 0.416 and 0.244 percent during 1976-2000, 

2000-2010 and 1976-2010 respectively. Considering acreage  (ha) under non-agricultural land in 

1976 and 2000 is the base, land gained during 1976-2000, 2000-2010 and 1976-2010 at annual 

rate of 2.129% (25196 ha), 3.425% (61256 ha) and 3.025% (35802 ha) respectively. 

 
4.1.2.1. Rural settlement 

 
Area under rural settlement was estimated at 885637 ha in 1976 occupying 6.11% of the total 

area of the country. Rural settlement area consistently increased over time at a greater rate and 

become 10.03% (1458031ha) in 2000 and 12.12 % (1766123 ha) in 2010. The annual rates of 

increasing  rural  settlement  area  were 0.163  and  0.208% during 1976-2000  and  2000-2010, 

respectively. The overall rate of increase in rural settlement was 0.177%. From this study it is 

revealed that rapid growth of rural settlement is the main driver of the declining agricultural land. 

It is estimated that annually 23850 ha of land went to rural settlement during 1976 to 2000 and 

30809 ha of land during 2000 to 2010.  Fig.4.6 shows maps of rural settlement of Bangladesh 

prepared based on Landsat MSS 1976 and Landsat TM 2000 and Landsat TM 2010. 
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Fig.4.6 Maps showing rural settlement of Bangladesh prepared based on Landsat MSS 1976 

(left panel) and Landsat TM 2000 (middle panel), and Landsat TM 2010 (right panel) 
 

4.1.2.2. Urban and Industrial zone 

 
There is significant increase in urban and industrial areas of the country during the period from 

1976 to 2010. The total urban and industrial area was 26799 ha in 1976 that expanded to 47495 

ha in 2000 and dramatically increased to 87616 ha in 2010. This indicates that the percent 

increase was almost double from 1976 to 2000 and more than three times from 1976 to 2010. 

The annual rate of increase was also higher (0.027%) during 2000-2010, although the increase 

was only 0.60% during 1976 to 2000. However, overall annual rate of expansion of urban and 

industrial area was 0.012% in respect of total area of Bangladesh. During 2000 to 2010 annually 

4012 ha of land went to urbanization and industrialization. Highest growth of urban and 

industrialization occurs in Dhaka Division (1995 ha/year), next to Dhaka is Chittagong (756 

ha/year), Sylhet secured third position (533 ha/year) and the lowest in Rangpur (115 ha/year). 

Fig.4.7  shows  maps  of  urban  and  industrial  zone,  salt  pan,  sandy zone  and  tea  garden  of 

Bangladesh prepared based on Landsat MSS 1976 (left panel) and Landsat TM 2000 (middle 

panel), and Landsat TM 2010 (right panel). 
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Fig.4.7 Maps showing urban and industrial zone, salt pan (sea salt production), sandy zone and 

tea garden of Bangladesh prepared based on Landsat MSS 1976 (left panel) and Landsat TM 

2000 (middle panel), and Landsat TM 2010 (right panel). 

 
4.1.2.3. Accreted land 

 
Accretion of land area in the river system of Bangladesh was much faster during the period from 

2000 to 2010 compared to the period from 1976 to 2000. The accreted land area was estimated 

271169 ha in 1976 and only 11612 ha land was added up to 2000, where as it was 264347 ha 

during 2000-2010. The percent of accreted land was 1.8, 1.95 and 3.75% in 1976, 2000 and 

2010, respectively. From this, it was estimated that the annual rate of accretion was 0.003% 

during 1976-2000 and 0.181% during 2000-2010 with an average of 0.055% during 1976-2010. 

Subarna char, Nijhum Dwip under Noakhali District is the best example of accretion.  Fig.4.8 

shows maps of char land and mudflat of Bangladesh prepared based on Landsat MSS 1976, 

Landsat TM 2000, and Landsat TM 2010. 
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Fig.4.8 Maps showing char land and mudflat of Bangladesh prepared based on Landsat MSS 

1976 (left panel) and Landsat TM 2000 (middle panel), and Landsat TM 2010 (right panel). 
 

Change in land coverage under different categories as plotted in log-log scale during 1976-2010 

are shown in figure 4.9. 

 

Fig.4.9 Change in land coverage under different categories as plotted in log-log scale. 
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4.2. Land use and Land cover (LULC) at sub-national level 

 
4.2.1. Major LULC of Dhaka division 

 
Agricultural land 

 
Major land use and land cover (LULC) as well as LULC changes (LULCC) of Dhaka division 

during 1976 to 2010 are illustrated in Table.4.2.1. In general, the greatest area is covered by crop 

land which seemed to be in declining trend estimating 2313751 ha in 1976 with a gradual 

decrease it reached to 2312961 ha in 2000 and with much rapid decline reached to 2161650 ha in 

2010. The loss of agricultural crop land was estimated 33 ha (0.001%) per year in Dhaka division 

during 1976-2000, 15131 ha (0.654%) during 2000-2010, where as this estimated 4474 ha 

(0.193%) during the period 1976 to 2010. Area under forest in Dhaka division is being estimated 

6968 ha, 133532 ha and 91930 ha in 1976, 2000 and 2010 respectively. Forest area decreases 

annually by 6968 ha (2.32%) during 1976 to 2000 and 4160 ha (3.12%) and 6142 ha (2.04%) 

during missing corresponding year 1976 to 2010. The area under aquaculture increases 

surprisingly during 1976 to 2010 and this increased almost from zero ha to 53049 ha during 2000 

but it declined to 25854 ha in 2010, with annual rate of 5.13%. The river area remains almost 

static during the study period. 

 
Non-agricultural land 

 
Trends  in  the  availability  of  non-agricultural  lands  including  rural  settlement,  urban  and 

industrial zone and accreted land are increasing in Dhaka division. Among non-agricultural 

lands, rural settlement occupied the greatest area that increased more than two-fold during 1976 

to 2010.  The data indicates that land gained in rural settlement was 5077 ha (2.25%), 16626 ha 

(4.78%) and 8474 ha (3.75%) annually during 1976-2000, 2000-2010 and 1976-2000, 

respectively. The area occupied by urban and industrial zone increased from10190 ha in 1976 to 

22795 ha in 2000, and further increased to 42747 ha in 2010. The land gained in urban and 

industrialization was much faster during 2000-2010 compared to 1976-2000 and estimated 1995 

ha annually. Accreted land area in Dhaka division also increased two-fold during 2000-2010 and 

the rate of increase is much higher i.e. 9.81% during this period against 0.29% during 1976- 

2000. 
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Table 4.2.1. Major land use and land cover change of Dhaka division during 1976 to 2010 based 

on classified satellite imagery. 

 
Years Land cover types 

Agricultural land Non-agricultural land 

Crop land Forest River Aquaculture Rural 
settlement 

Urban & 
Industrial 

zones 

Accreted 
land 

Land area by categories (ha) 
 

1976 2313751 300753 114261 Trace 225775 10190 60693 

2000 2312961 133532 122200 53049 347620 22795 64884 

2010 2161650 91930 114331 25854 513875 42747 128524 
 

Annual land use change by hectare 

1976-2000 -33 -6968 331 2210 5077 525 175 

2000-2010 -15131 -4160 -787 -2720 16626 1995 6364 

1976-2010 -4474 -6142 2 760 8474 958 1995 
 

Percent annual land use change over the years 

1976-2000 -0.001 -2.32 0.29 N/A 2.25 5.15 0.29 

2000-2010 -0.654 -3.12 -0.64 -5.13 4.78 8.75 9.81 

1976-2010 -0.193 -2.04 0.002 N/A 3.75 9.40 3.29 

N/A= Not available    

 

4.2.2. Major LULC of Chittagong division 
   

 

Agricultural land 
   

 

Major land use and land cover (LULC) as well 
 

as LULC 
 

changes (LULCC) of 
 

Chittagong 

division during 1976 to 2010 are illustrated in Table.4.2.2. In general, the greatest area is covered 
by crop land which seemed to be in declining trend, estimating 1366983 ha in 1976 with a 

gradual decrease it reached to 1365756 ha in 2000 and much more rapid decline it reaches to 

1186076 ha in 2010. The loss of agricultural crop land was estimated 51 ha (0.004 %) per year in 

Chittagong division during 1976-2000, 17968 ha (1.32%) during 2000-2010, where as this was 

estimated 5321 ha (0.39%) during the period 1976 to 2010. Area under forest in Chittagong 

division is estimated 1380402 ha, 1162579 ha and 1316104 ha in 1976, 2000 and 2010 

respectively.  Forest  area  decreases  annually by  9076  ha  (0.66%)  during  1976  to  2000  but 

increased by 15358 ha (1.32%) during 2000-2010 and the overall annual decrease accounted to 

1891 ha (0.14%) during 1976 to 2010. The area under aquaculture increased surprisingly during 

1976 to 2010, which was almost zero ha in 1976 to 36486 ha in 2000 and further, increased to 

45073 ha in 2010. The area under river increased annually by 0.41%, 0.55% and 0.47 % during 

1976-200, 2000-2010 and 1976-2010 respectively. The area under mangrove forest increased 

during 1976 to 2000 by 2.48 % annually but it decreased annually by 4.18% during 2000-2010. 
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Non-agricultural land 

 
Trends  in  the  availability  of  non-agricultural  lands  including  rural  settlement,  urban  and 

industrial zone and accreted land are increasing in Chittagong division (Table 4.2.2). Among 

non-agricultural lands, rural settlement occupied the largest area that increased more than two- 

fold during 1976 to 2010.  The data indicates that land gained in rural settlement was 7266 ha 

(4.61%), 1233 ha (0.37%) and 5491 ha (3.48%) annually during 1976-2000, 2000-2010 and 

1976-2000 respectively. On the other hand, urban and industrial area consistently increased 

between the year 1976 and 2010 with the annual rate of increase 2.31 and 5.73% during 1976- 

2000 and 2000-2010, respectively.   The land gained in urban and industrialization was much 

faster during 2000-2010 compared to 1976-2000 and estimated 765 ha annually. Accreted land in 

Chittagong division decreased in 2000 but it increases surprisingly during 2000-2010 (46.67 % 

annually). 

 
Table 4.2.2.  Major land use and land cover change of Chittagong division during 1976 to 2010 

based on classified satellite imagery. 

 
Years Land cover types 

Agricultural land Non-agricultural land 

Crop land Forest Man- 
grove 

forest 

River Aqua- 
culture 

Rural 
settle- 

ment 

Urban & 
Industrial 

zones 

Accreted 
land 

Land area by categories (ha) 
 

1976 1366983 1380402 20590 127738 582 157628 8599 6241 

2000 1365756 1162579 34612 140435 36486 332004 13362 2696 

2010 1186076 1316104 20142 148200 45073 344337 21012 15277 
 

Annual land use change by hectare 

1976-2000 -51 -9076 584 529 1496 7266 198 -148 

2000-2010 -17968 15353 -1447 777 859 1233 765 1258 

1976-2010 -5321 -1891 -13 602 1309 5491 365 266 
 

Percent annual land use change over the years 

1976-2000 -0.004 -0.66 2.84 0.41 257.04 4.61 2.31 -2.37 

2000-2010 -1.32 1.32 -4.18 0.55 2.35 0.37 5.73 46.67 
  1976-2010  -0.39  -0.14  -0.06  0.47    224.84  3.48  4.25  4.26   

 

 
 

4.2.3. Major LULC of Rajshahi division 

 
Agricultural land 

 
Major land use and land cover (LULC) as well as LULC changes (LULCC) of Rajshahi division 

during 1976 to 2010 are illustrated in Table.4.2.3. Like other divisions in general, the largest area 
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is covered by crop land which seemed to be in declining trend, estimated at 1552558 ha in 1976 

with a gradual decrease it reached to 1436307 ha in 2000 and with much more rapid decline it 

reached to 1276861 ha in 2010. The loss of agricultural crop land was estimated 4844 ha (0.31 

%) per year in Rajshahi division during 1976-2000, 15945 ha (1.11%) during 2000-2010, where 

as this was estimated at 8109 ha (0.52%) during the period 1976 to 2010. Area under forest is 

being estimated 9834 ha 1976 which declined by 100% in 2000 and no further increases was 

observed in 2010. The area under river increased annually by 1.58%, 1.62% and 1.77 % during 

1976-200, 2000-2010 and 1976-2010 respectively, indicating incessant riverbank erosion 

particularly in the river Ganges (Padma). 

 
Non-agricultural land 

 
Trends  in  the  availability  of  non-agricultural  lands  including  rural  settlement,  urban  and 

industrial zone and accreted land are increasing in Rajshahi division. Among non-agricultural 

lands, rural settlement occupied the largest area that increased more than two-fold during 1976 to 

2010.  The data indicates that land gained in rural settlement was 3033 ha (2.59 %), 7021 ha 

(3.70 %) and 4206 ha (3.59%) annually during 1976-2000, 2000-2010 and 1976-2000 

respectively. On the other hand, urban and industrial area continually increased between the year 

1976 and 2010 with the annual rate of increase of 2.31 and 5.73% during 1976-2000 and 2000- 

2010, respectively.  The land gained in urban and industrialization was much faster during 2000- 

2010 compared to 1976-2000 and estimated 180 ha annually. Accreted land in Rajshahi division 

decreased in 2000, while it increases surprisingly during 2000-2010 (13.54 % annually). 

 
Table 4.2.3.  Major land use and land cover change of Rajshahi division during 1976 to 2010 

based on classified satellite imagery. 

 
Years Land cover types  

Agricultural land Non-agricultural land 

Crop land Forest River Rural 
settlement 

Urban & 
Industrial 

zones 

Accreted 
land 

Land area by categories (ha) 
 

1976 1552558 9834 44552 117142 2393 69934 

2000 1436307 0 61423 189942 2426 61261 

2010 1276861 0 71343 260155 4223 144212 

Annual land use change by hectare 
 

1976-2000 -4844 -410 703 3033 1 -361 

2000-2010 -15945 0.00 992 7021 180 8295 

1976-2010 -8109 -289 788 4206 54 2185 

Percent annual land use change over the years 
 

1976-2000 -0.31 -4.17 1.58 2.59 0.06 -0.52 

2000-2010 -1.11 0.00 1.62 3.70 7.41 13.54 
  1976-2010  -0.52  -2.94  1.77  3.59  2.25  3.12   
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4.2.4. Major LULC of Khulna division 
 

Agricultural land 
 

Major land use and land cover (LULC) as well as LULC changes (LULCC) of Khulna division 

during 1976 to 2010 are illustrated in Table.4.2.4. Like other divisions in general, the largest area 

is covered by crop land which seemed to be in declining trend, estimating 1330485 ha in 1976 

with a gradual decrease it reached to 1322039 ha in 2000 and with much more rapid decline it 

reached to 1234229 ha in 2010. The loss of agricultural crop land was estimated 352 ha (0.03 %) 

per year in Khulna division during 1976-2000, 8781 ha (0.66%) during 2000-2010, where as this 

estimated  at  2831  ha (0.21%) during the period  1976  to  2010.  Area under forest  is  being 

estimated 617 ha in 1976 which declined almost by 100% in 2000 and no further increases are 

observed in 2010. The area under mangrove forest increases during 1976 to 2000 by 0.05 % 

annually but it decreased annually by 0.36% during 2000-2010. The area under aquaculture 

increases surprisingly during 1976 to 2010, which was almost from zero ha in 1976 and reached 

to 45596 ha in 2000 and further, increased to 96283 ha in 2010. River area decreases annually by 

0.26 % during 1976-2000 but it increased annually by 0.38 % during 2000-2010. 

 
Table 4.2.4. Major land use and land cover change of Khulna division during 1976 to 2010 based 

on classified satellite imagery. 

 
Years Land cover types 

Agricultural land Non-agricultural land 

Crop land Forest Man- 
grove 

forest 

River Aqua- 
culture 

Rural 
settle- 

ment 

Urban & 
Industrial 

zones 

Accreted 
land 

Land area by categories (ha) 
 

1976 1330485 617 409646 209591 0 139404 1727 5042 

2000 1322039 0 415047 196629 45596 151819 2779 4415 

2010 1234229 0 400021 204138 96283 145276 5264 496 
 

Annual land use change by hectare 

1976-2000 -352 -26 225 -540 1900 517 44 -26 

2000-2010 -8781 0.00 -1503 751 5069 -654 249 -392 

1976-2010 -2831 -18 -283 -160 2832 173 104 -134 
 

Percent annual land use change over the years 

1976-2000 -0.03 -4.17 0.05 -0.26 N/A 0.37 2.54 -0.52 

2000-2010 -0.66 0.00 -0.36 0.38 11.12 -0.43 8.94 -8.88 

1976-2010 -0.21 -2.94 -0.07 -0.08 N/A 0.12 6.02 -2.65 

N/A= Not Available 

 
Non-agricultural land 

 
Trends in the availability of rural settlement increased during 1976 to 2000 at the rate of 517 ha 

(0.37%) annually but it decreases at 654 ha (0.43%) annually during 2000-2010. It may be 

because of expansion of shrimp cultivation and intrusion of salinity towards inland during this 
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period substantially which may reduce canopy cover along the homestead that considered as 

rural settlement in this study. Urban and industrial zone increases by more than three fold in 

Khulna division during 1976 to 2010. The data indicates that land gained in urban and industrial 

area 1976 and 2000 at the rate of 44 ha (2.54%) during 1976-2000 and which gained at the rate 

of 249 ha (8.94%) during 2000-2010. Overall, land gained of land under Urbanization and 

industrialization annually by 6.02%. Accreted land in Khulna division continuously decreased 

during 1976 to 2010. 
 

4.2.5. Major LULC of Barisal division 
 

Agricultural land 
 

Major land use and land cover (LULC) as well as LULC changes (LULCC) of Barisal division 

during 1976 to 2010 are illustrated in Table.4.2.5. In general, the greatest area is covered by crop 

land which seemed to be in declining trend estimating 844141 ha in 1976 with a gradual decrease 

it reached to 820671 ha in 2000 and which further declined to 814010 ha in 2010. The loss of 

agricultural crop land was estimated 978 ha (0.12 %) per year in Barisal division during 1976- 

2000, 666 ha (0.08%) during 2000-2010, where as this estimated 886 ha (0.10 %) during the 

period 1976 to 2010. The area under mangrove forest increases during 1976 to 2000 by 2.80 % 

annually but it decreased annually by 4.27 % during 2000-2010. The area under aquaculture 

increases surprisingly during 1976 to 2000, which was almost from zero ha to 7163 ha but it 

declined surprisingly to 195 ha in 2010. River area decreases annually by 0.28 % during 1976- 

2000 but it increased annually by 0.14 % during 2000-2010. 
 

Table 4.2.5. Major land use and land cover change of Barisal division during 1976 to 2010 based 

on classified satellite imagery. 
 

Years Land cover types 

Agricultural land Non-agricultural land 

Crop land Man- 
grove 

forest 

River Aquaculture Rural 
settlement 

Urban & 
Industrial 

zones 

Accreted 
land 

Land area by categories (ha) 
 

1976 844141 22208 352172 Trace 58838 342 5042 

2000 820671 37132 328660 7163 93752 87 4415 

2010 814010 21292 335449 195 89895 1842 496 
 

Annual land use change by hectare 

1976-2000 -978 622 -980 298 1455 -11 -26 

2000-2010 -666 -1584 679 -697 -386 176 -392 

1976-2010 -886 -27 -492 6 913 44 -134 
 

Percent annual land use change over the years 

1976-2000 -0.12 2.80 -0.28 N/A 2.47 -3.11 -0.52 

2000-2010 -0.08 -4.27 0.21 -9.73 -0.41 201.72 -8.88 

1976-2010 -0.10 -0.12 -0.14 N/A 1.55 12.90 -2.65 

N/A= Not Available 
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Non-agricultural land 
 

Trends in the availability of rural settlement increased in Barisal division during 1976 to 2000 at 

the rate of 1455 ha (2.47%) annually but it decreases at the rate of 386 ha (0.41%) annually 

during 2000-2010. It may be because of substantial intrusion of salinity towards inland during 

this period which may reduce canopy cover along the homestead that considered as rural 

settlement in this study. Urban and industrial zone increases by more than fivefold in Barisal 

division during 1976 to 2010. The data indicates that land losses in urban and industrial area 

1976 and 2000 at the rate of 11 ha (3.11%) during 1976-2000 and again it gained at the rate of 

176  ha (201.72%) during 2000-2010.  Overall,  land  gained  of land  under Urbanization  and 

industrialization annually by 12.90%. Accreted land in Barisal division continuously decreased 

during 1976 to 2010. 

 
4.2.6. Major LULC of Sylhet division 

 
Agricultural land 

 
Major land use and land cover (LULC) as well as LULC changes (LULCC) of Sylhet division 

during 1976 to 2010 are illustrated in Table.4.2.6. Like other divisions in general, the largest area 

is covered by crop land which was estimated 945506 ha in 1976, and with a gradual decrease it 

reached to 831227 ha in 2000, after 2000 some land gained in agriculture and it reached to 

839371 ha in 2010. The loss of agricultural crop land was estimated 4762 ha (0.50 %) per year in 

Sylhet division during 1976-2000, again it gained at the rate of 814 ha (0.10%) during 2000- 

2010. Overall land loss from crop agriculture was estimated at the rate of 3122 ha (0.33%) 

during 1976 to 2010.  The area under forest decreases during 1976 to 2000 at the rate of 3.04 % 

annually but after 2000 land gained under forest annually by 9.42% during 2000-2010, though 

overall land lost from forest was observed during 1976 to 2010 at the rate of 624 ha annually. 

The area under aquaculture increases substantially during 1976 to 2010, which was almost from 

zero ha to 1212 ha in 2000 and further it increased to 8259 ha in 2010. River area decreases 

continuously by 0.58 % annually during 1976-2000. 
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Table 4.2.6. Major land use and land cover change of Sylhet division during 1976 to 2010 based 

on classified satellite imagery. 

 
Years Land cover types 

Agricultural land Non-agricultural land 

Crop land Forest River Aquaculture Rural 
settlement 

Urban & 
Industrial 

zones 

Accreted 
land 

Land area by categories (ha) 
 

1976 945506 44677 11668 Trace 90991 2333 447 

2000 831227 12088 10603 1212 197785 1652 3016 

2010 839371 23469 9368 8259 217107 6980 27 
 

Annual land use change by hectare 

1976-2000 -4762 -1358 -44 51 4450 -28 107 

2000-2010 814 1138 -124 705 1932 533 -299 

1976-2010 -3122 -624 -68 243 3709 137 -12 
 

Percent annual land use change over the years 

1976-2000 -0.50 -3.04 -0.38 N/A 4.89 -1.22 23.95 

2000-2010 0.10 9.42 -1.16 58.14 0.98 32.25 -9.91 

1976-2010 -0.33 -1.40 -0.58 N/A 4.08 5.86 -2.76 

N/A= Not available        

 
 

Non-agricultural land 

 
Trends in the availability of rural settlement increased in Sylhet division during 1976 to 2000 at 

the  rate  of  4450  ha  (4.89%)  annually  but  during  2000-2010  and  rate  of  increase  of  rural 

settlement goes down to at the rate of 1932 ha (0.98%) annually. The rate of increase was much 

higher during 1976-2000  compared  to  2000-2010.  However,  a rapid  increase of urban  and 

industrial area was observed between 2000 and 2010. Accreted land increased many fold during 

1976 to 2000 and thereafter decreased with overall annual rate of 9.91 percent. 

 
4.2.7. Major LULC of Rangpur division 

 
Agricultural land 

 
Major land use and land cover (LULC) as well as LULC changes (LULCC) of Rangpur division 

during 1976 to 2010 are illustrated in Table.4.2.7. In general, the greatest area is covered by crop 

land which seemed to be in declining trend estimating 1408175 ha in 1976, and with a gradual 

decrease it reached to 1350730 ha in 2000, which further decreased to 1239768 ha in 2010. The 

rate of declination is much faster in 2000 to 2010 (0.82 % annually) compared to 1976 to 2000 

(0.17% annually).  Area under forest in Rangpur division is being estimated 18634ha, 2921 ha 

and 2632 ha in 1976, 2000 and 2010 respectively. Forest area decreases annually by 655 ha 

(3.51%) during 1976 to 2000 and 29 ha (0.99%) during 2000 to 2010. Overall land lost from 



54 
 

forest was observed at the rate of 417 ha annually during 1976 to 2010. Area under river showed 

fluctuating trends that decreased greatly from 1976 to 2000 and thereafter increased much from 

2000 to 2010. However, the overall annual rate of increase in river was 0.75 percent. 

 
Table 4.2.7.  Major land use and land cover change of Rangpur division during 1976 to 2010 

based on classified satellite imagery. 

 
Years Land cover types 

Agricultural land Non-agricultural land 

Cropland Forest River Rural 
settlement 

Urban & 
Industrial 

zones 

Accreted 
land 

Land area by categories (ha) 
 

1976 1408175 18634 44874 95859 1217 49677 

2000 1350730 2921 28503 145114 4395 92872 

2010 1239768 2632 56268 195550 5549 119062 

Annual land use change by hectare 
 

1976-2000 -2394 -655 -682 2052 132 1800 

2000-2010 -11096 -29 2777 5044 115 2619 

1976-2010 -4953 -417 335 2932 127 2041 

Percent annual land use change over the years 
 

1976-2000 -0.17 -3.51 -1.52 2.14 10.88 3.62 

2000-2010 -0.82 -0.99 9.74 3.48 2.63 2.82 
  1976-2010  -0.35  -2.53  0.75  3.06  10.47  4.11   

 
Non-agricultural land 

 
Trends  in  the  availability  of  non-agricultural  lands  including  rural  settlement,  urban  and 

industrial zone and accreted land are increasing in Rangpur division. Among non-agricultural 

lands, rural settlement occupied the greatest area that increased more than two-fold during 1976 

to 2010.  The data indicates that land gained in rural settlement was 2052 ha (2.14%) and 5044 

ha (3.488%) annually during 1976-2000 and 2000-2010 respectively. The area occupied by 

urban and industrial zone increased from1217 ha in 1976 to 4395 ha in 2000 and which further 

increased to 5549 ha in 2010. Practically urban and industrial area increased more than four 

times during 1976 to 2010. There are evidences of continuous accretion of land in Rangpur 

division and overall annual accretion rate was 4.11 percent for the period 1976 to 2010. 

 
Graphical presentation of land lost and gained at sub-national level under crop agriculture, rural 

settlement and urban and industrialization are shown in fig 4.2.1, fig 4.2.2 and fig 4.2.3, 

respectively. 
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Fig: 4.2.1. Graphical presentation of change in agricultural land (crop land) at sub-national level 

during 1976-2000 and 2000-2010. 
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Fig: 4.2.2.Graphical presentation of change in rural settlement at sub-national level during 1976- 

2000 and 2000-2010. 
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Fig: 4.2.3.Graphical presentation of change in urban and industrialization at sub-national level 

during 1976-2000 and 2000-2010. 
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Fig:4.2.4. Graphical presentation of land covers dynamics over the year at national level during 

1976-2010. 
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4.3.      Comparison of existing land covers versus geo-spatial model 
 

Among the randomly selected 62 sites to verify existing land covers compared to the geo-spatial 

model 24, 14, 12, 7 and 5 sites were located in cropland, rural settlement, forest, river and 

mangrove ecosystem respectively (Table 4.3.1). In 57 sites the model provides accurate figures 

of land cover according to field verification, where only 1 site of cropland (# 12), 2 sites of rural 

settlement (# 32 and 37), 1 site of forest (# 49) and 1 site of mangrove (# 60) were incorrectly 

classified for the existing land covers. All the 3 sites of cropland and rural settlement in model 

prediction  indicated  as  forest  in  field  verification.  On  the  other  hand,  both  the  forest  and 

mangrove sites revealed as rice/paddy in field verification. Thus, 92% of the model output 

matched with the field verification (Table 4.3.1). 

 
The geo-spatial modeling error matrix for different land covers shows the incorrectly classified 

sites, based on 62 field verification sites (Table 4.3.2). Most sites (57) were correctly classified, 

obtaining an overall accuracy of 92%. Model accuracy (MA) and field accuracy (FA) for each of 

the  land  covers  showed  that  river  had  the  highest  values  of  MA  (1.00)  and  FA  (1.00) 

respectively. Cropland class was well discriminated from the rest of the class (MA= 0.92 and FA 

= 0.96).  The  Kappa  Index  of Agreement  (KIA) was  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) had the value of 0.891 coefficients and 0.865 

at 95% confidence, indicating that there is very good agreement between geo-spatial model and 

existing land cover patterns. Statistical analysis concluded that very high percentage of the land 

cover characteristics was identified correctly, better than would be expected by a completely 

random classification. 

 
Table 4.3.1.  Comparison of field data against of model data for land covers change. 

 

 
Site # Field information Model prediction Accuracy 

Site # % 
1 Rice/paddy/vegetable Cropland  

 
 
 
 
 
 
 
 

 
57 

 
 
 
 
 
 
 
 
 

 
91.94 

2 Rice/paddy/vegetable Cropland 
3 Rice/paddy/vegetable Cropland 
4 Rice/paddy/vegetable Cropland 
5 Rice/paddy/vegetable Cropland 
6 Rice/paddy/vegetable Cropland 
7 Rice/paddy/vegetable Cropland 
8 Rice/paddy/vegetable Cropland 
9 Rice/paddy/vegetable Cropland 
10 Rice/paddy/vegetable Cropland 
11 Rice/paddy/vegetable Cropland 
12 Forest Cropland 
13 Rice/paddy/vegetable Cropland 
14 Rice/paddy/vegetable Cropland 
15 Rice/paddy/vegetable Cropland 
16 Rice/paddy/vegetable Cropland 
17 Rice/paddy/vegetable Cropland 
18 Rice/paddy/vegetable Cropland 
19 Rice/paddy/vegetable Cropland 
20 Rice/paddy/vegetable Cropland 
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Site # Field information Model prediction Accuracy 
Site # % 

21 Rice/paddy/vegetable Cropland   
22 Rice/paddy/vegetable Cropland 
23 Rice/paddy/vegetable Cropland 
24 Rice/paddy/vegetable Cropland 
25 Living house/yard Settlement 
26 Community place Settlement 
27 Living house/yard Settlement 
28 Living house/yard Settlement 
29 Living house/yard Settlement 
30 Living house/yard Settlement 
31 Living house/yard Settlement 
32 Forest Settlement 
33 Living house/yard Settlement 
34 Living house/yard Settlement 
35 Living house/yard Settlement 
36 Community place Settlement 
37 Forest Settlement 
38 Living house/yard Settlement 
39 Dense forest Forest 
40 Dense forest Forest 
41 Dense forest Forest 
42 Dense forest Forest 
43 Dense forest Forest 
44 Dense forest Forest 
45 Dense forest Forest 
46 Dense forest Forest 
47 Dense forest Forest 
48 Dense forest Forest 
49 Rice/paddy Forest 
50 Dense forest Forest 
51 River/canal River 
52 River/canal River 
53 River/canal River 
54 River/canal River 
55 River/canal River 
56 River/canal River 
57 River/canal River 
58 Mangrove ecosystem Mangrove 
59 Mangrove ecosystem Mangrove 
60 Rice/paddy Mangrove 
61 Mangrove ecosystem Mangrove 
62 Mangrove ecosystem Mangrove 
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Table 4.3.2. Cross-tabulation for error matrix analysis of model data (columns) against field 

reference data (rows) for land covers change 
 
 

Field reference data 
Model data Cropland Settlement Forest River Mangrove Row total Field accuracy 
Cropland 23 0 1 0 0 24 0.96 
Settlement 0 12 2 0 0 14 0.86 
Forest 1 0 11 0 0 12 0.92 
River 0 0 0 7 0 7 1.00 
Mangrove 1 0 0 0 4 5 0.80 
Column total 25 12 14 7 4 62  
Model accuracy 0.92 1.00 0.79 1.00 1.00   
Diagonal sum (bold) = 57; Overall kappa = 0.891; Kendall‟s Tau = 0.865 
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5. SUMMARY/CONCLUSION 
 

Data revealed that the annual loss of agricultural land (crop agriculture) during 1976-2000 was 

13412 hectares annually which increases alarmingly during 2000-2010 and which were 687000 

hectares per year. Considering crop land irrespective of the percentage of total landmass of the 

country, the total land under cropland in 1976 was 9761450 ha which reduces to 9439541 ha in 

2000, i.e., annual loss is 0.137%. This crop land further decreases to 8751937 ha in 2010, i.e., 

annual loss of crop land during 2000 to 2010 is 0.728 %. Highest annual loss of crop land occurs 

in Chittagong Division and at the rate of 17968 ha. Annual loss of crop land in Rajshahi, Dhaka, 

Rangpur, Khulna and Barisal were 15945 ha, 15131 ha, 11096 ha, 8781 ha and 6661 ha 

respectively. On the other hand annual increases of rural settlements were 23850 and 30809 

hectares per year during 1976-2000 and 2000-2010 respectively. Highest annual growth of rural 

settlement observed in Dhaka Division which is 16626 ha. Rajshahi and Rangpur secure the 

second and third position. Annual increase of urban settlement and industrial area increases by 

4012 hectares per year during 2000-2010. There was significant loss of forest land observed 

during 1976-2000, but on the other hand forest land increases significantly during 2000-2010, 

this  may  be  because  of  the  initiatives  by  the  government,  awareness  among  the  peoples 

especially of social forestry. Plantation mangrove increases the mangrove area during 1976-2000 

but it decreases largely during 2000-2010. Annual increases in aquaculture during 1976-2000 

were observed 5955 ha but for the period 2000-2010, the increase took place by 3216 ha per 

year. 
 

 

6. POLICY IMPLICATION 
 

 

The growth of rural settlement is the main driver of the land lost from crop agriculture followed 

by urbanization and industrialization. Houses of ever increasing population in Bangladesh are 

expanding towards agricultural land. As the food security is the main concern of Bangladesh, 

necessary steps should be taken to protect agricultural land from the shifting to non-agricultural 

use. The concerned Ministry and Departments can address the findings of this study in the 

forthcoming  policy  documentation  like  Poverty  Reduction  Strategy  Paper  (PRSP)  to  be 

developed with the vision of sustainable integration of house-cropland-industrial expansion for 

social, economic and food security. 
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Participatory approach: 

Appendix-I 

 

Participatory appraisal  involves  a series  of qualitative multidisciplinary approaches  to  learn 

about local-level conditions and local peoples‟ perspectives. Participatory Rural Appraisal (PRA) 

technique will be used applying observation and community level interview to gather primary 

information on land use types. Observation will be conducted in  geo-spatial locations with 

specific land use types using hand held GPS (Garmin map76CSx). Direct observation prevents 

rapid appraisal from being misled by myth (Chambers 1980) and it often provides more valid 

and less costly information than other research methods (KKU 1987). Interviews with local 

communities are the important way of learning about local conditions and resources (Pelto and 

Pelto 1978). 

 
Trends in the availability of agricultural land in Bangladesh 

Participatory ground truthing 

 
Sample No. 

 
A. LOCATION 

 
Village: Upazila:  District: 

Latitude:  Longitude: 

B. IDENTIFICATION OF LAND USE TYPES: 
 
 
 
 
 
 
 

 
C. ANY COMMENTS: 


