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ABSTRACT: Land use and land cover of Khagrachhai 
upazila, Bangladesh has been investigated using 
multi-spectral satellite images of the year 2015. 
Unsupervised (ISODATA) clustering as well as 
supervised classification based on parallelepiped 
and maximum likelihood has been used to classify 
the dominant features such as green crops, forest, 
urban/built up areas and water bodies. The study 
has been complimented with GIS for inclusion of 
the transport network, interesting/tourism places 
and features which could not be captured by 5 m 
resolution RapidEye image using the Google 
imagery. This has been done on screen digitization 
in ERDAS imagine environment. Contour lines have 
been generated from ASTER-DEM image by 20 
meters spacing. Height elevation was observed 
240m in this upazila. Agro Ecological Zones (AEZ) 
has also been used as a secondary data for 
observation of zone-wise agricultural intensity. It is 
reveals that the entire Khagrachhari Sadar upazila 
had been divided into 20 land use classes. 
Afterward, the thematic layers were clustered into 
11 classes. The analyzed shows that Herb-shrub 
with scattered trees plays dominate role around 
67%. On the other hand forest/plantation around 
6%, Agriculture land use around 15% including 
Jhum (shifting cultivation) and rests of the land use 
are less than 2%. 

 

Objectives: The main objective of this study is to 
generate the present land use and land cover map 
of Khagrachhari upazla using RS, GPS and GIS 
technologies. 

1. Introduction 

Land use and land cover plays an important role in 
global environmental change and sustainability, 
including response to climate change, effect on 
ecosystem structure and function, species and 
genetic diversity, water and energy balance and 

agro-ecological potential. Land use and land cover 
is one of the most important typical applications of 
remote sensing data (Chrysoulakis et al., 2004). 
Remotely sensed data are a useful tool and have 
scientific value for the study of human 
environment interactions, especially land use and 
land cover changes (Dale et al., 1993). Land use is 
characterized by the activities of the people that 
involve using of lands for habitation, agricultural, 
forestry and industrial development and all sorts of 
small and large scale livelihood activities using 
lands of different cover types (FAO/UNDP, 1999). 
Land use is a product of interactions between a 
society's cultural background, state, and its 
physical needs on the one hand, and the natural 
potential of land on the other hand. The expansion 
of population and need for increased food 
production and socio-economic development are 
the major drivers causing the land-use change in 
the country. Thus, it is of importance to map the 
land-use pattern and study the land-use and 
monitor the land cover changes. Such information 
is highly useful for planning the future land-use and 
industrial and urban development and 
management of natural resources.  
Various techniques have been used for providing 
information about natural resource management. 
But remote sensing satellite observation with its 
unique capability to provide time-saving and cost-
effective support in compiling the latest 
information source extracting natural features in 
landscape repeatedly (Stach,N et al 2007). RS 
technique has ability to represent of land use/land 
cover analysis by means of digital classification 
process of multispectral satellite image (Campbell, 
J.B. 1996). Satellite remote sensing, in conjunction 
with GIS, has been widely applied and been 
recognized as a powerful and effective tool in 
detecting land use and land cover mapping (Kumar 
N et al., 2015, Ehlers et al., 1990; Meaille and Wald, 
1990; Treitz et al., 1992; Westmoreland and Stow, 
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1992; Harris and Ventura, 1995; Yeh and Li,1997). 
The integrated use of remotely sensed data, GPS 
and GIS will enable consultants and natural 
resource managers and researchers in government 
agencies, conservation organizations, and industry 
to develop management plans for a variety of 
natural resource management applications 
(Philipson & Lindell, 2003). Remotely sensed data 
with the help of GIS may give the appropriate 
solutions for these problems in relatively small 
amount of time (Agarwal, 2000; Bakr, et al., 2010). 
For land-use mapping, supervised and 
unsupervised approaches are normally adopted for 
spectrally discriminate the surface features, well 
described in Campbell (2002), Kerle et al. (2004), 
Lillesand, et al. (2004), Jensen et al. (1996),  Liu 
et al. (2002), Lunetta et al., (2004) and Coppin et 
al., (2004). 
In this study attempt has been made to prepare a 
present land use map of Khagrachhari upazila using 
Remote Sensing, GIS and GNSS technologies.  

2. Materials and Methods 

2.1 Study Area:  

Khagrachhari is an Upazila (sub district) of 
Khagrachari District in the Division of Chittagong, 

Bangladesh. It is located at 91 53 10.06 E to 92 

04 14.82 E and 23 14 43.85 N to 23 00 

03.85N. 

The Chengi is one of the main river. Populations of 
Khagrachhari Sadar upazila are 48000, 61000, 
91000 and 112000 in the census year of 1981, 
1991, 2001 and 2011 respectively (Population 
census 2011). Tribal population (main ethnic 
group) are Chakma (31431), Tripura (24300), 
Marma (12939) and other (282). Figure 1 shows the 
study area (Khagrachari Sadar Upazila). 

2.2. Data used 

2.2.1 Remote sensing data 

RapidEye satellite images serves as a major 
information source extracting natural features in 
land use of Khagrachhari Sadar Upazila. The 
RapidEye constellation of five satellites stands 
apart from other providers of satellite-based 
geospatial information in its unique ability to 
acquire high-resolution, large-area image data on a 
daily basis. All five satellites are equipped with 
identical sensors and are located in the same 
orbital plane. It has five spectral bands and having 
multi-spectral push broom imager sensor. Dry 
season of RapidEye images were used to identify 
present land use and land cover of the area. A 
number of moderate resolution satellite images 
(30m) such as Landsat8-OLI (Operational Land 
Imager) were used to delineate the Boro (winter 
rice) and Rabi crops (winter crop), Sentinel-MSI 
(Multi Spectral Imager) images were used to 
understand broad cropping pattern and seasonal 
land cover like; Aman rice (monsoon crop) and 
Google images were used to identify the micro-
level land use features and Terra-ASTER (Advanced 
Space borne Thermal Emission and Reflection 
Radiometer)  data were used for generation the 
contour from DEM of the Chittagong Hill Tracts. 
Table 1 shows the satellite images and its 
characteristics. 

 

2.2.2 Field survey data 

Global Positioning System (GPS) is a  space-based 
navigation system that provides reliable 
positioning, navigation, and timely services to 
worldwide users on a continuous basis in all 
weather, day and night. It also provides three-
dimensional locations plus precise time (Richharia, 
M 2003). In this study a handheld GPS (Germin) 
was used to collect the Ground Control Point (GCP) 
for geo-referencing the remotely sensed data as 
well as field verification of land use data 
interpretation. Easily identifiable points such as, 
road crossing, end of a bridge, corner of a building, 
etc. were used as reference points. Geographical 
location of the Important/Tourist places, etc. of the 
study area were also been extracted using GPS. 

https://en.wikipedia.org/wiki/Upazila
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Rectified images and the point data collected from 
GPS were then integrated into a GIS database. 
Figure 2 shows the integration of GPS, RS and GIS. 

2.2.3 Ancillary data 

Soil data collected from Soil Research 
Development Institute (SRDI) and Local 
Government Engineering Department (LGED) use 
map as a reference guide for land use mapping. 

The GIS layer of Upazila boundary of Bangladesh 
collected from Bangladesh Space Research and 
Remote Sensing Organization (SPARRSO) has been 
used for sub-setting the area of interest 
(Khagrachhari upazila) from the satellite imageries. 
Statistical data collected from the Bangladesh 
Bureau of Statistics (BBS) have been used for 
validation of remote sensing results. The field 
investigation has also been performed to validate 
the interpretation of the imagery.  

2.2.4 Data Generation  

Generation of land use and land cover data sets 
involves data collection, pre- processing (geo-
referencing, sub-setting, etc.), thematic layer 
generation (land use classes), data analysis, field 
validation and finally produce output of study. 
Many geo-referencing methods have been used to 
geo-reference multi-spectral satellite imagery 
(ERDAS imagine-user guide). One of the methods 
is collection of Ground Control Point (GCP) from 
study area using Global Positioning System (GPS). 
In this method GCP collected from study area and 
transformed this geographical coordinate to multi-
spectral satellite image (same area images) by 
using geometric model of ERDAS imagine software. 
In geo-referencing/re-sampling method 
Bangladesh Transverse Mercator (BTM) projection 
system was used. RapidEye images of the upazila 
were the key data of the land use and land cover 
mapping. The multi-temporal Landsat imagery has 
been used which helps identification of perennial 
and seasonally varying features of land-use. The 

RGB false colour composite image has been 
prepared for visualizing the land features. Then the 
multi-spectral classification using unsupervised 
(ISODATA) and supervised classification 
(Parallelepiped and Maximum Likelihood 
techniques) and results have been compared. In 
some cases the response of forest/plantation 
canopies and that of herb-shrub with scattered 
trees was similar in RapidEye image and cannot be 

separated using digital classification technique. 
Another limitation was arisen from the geometric 
dimension of the plants/gardens (pineapple, 
mango, horticulture, Betel vine, litchi, etc.) and it 
was difficult to get clusters of homogeneous 
RapidEye 5m pixels for the features of interest of 
this study. The solutions of above two limitations 
are described in section 3.1. Based on the field 
investigation and secondary data, it is found that 
the supervised classification using maximum 
likelihood provide best results. Procedure of data 
generation is shown in figure 3. The entire 
Khagrachhari Sadar upazila had been divided in 
details into several thematic layers/features. 
Afterward, the thematic layers were clustered into 
following classes shown in Table-2  

 

 

 

 

 

 

 

 

 

3. Analysis of Results 

Land-use and land cover such as settlement, forest, 
agriculture, water bodies, urban area have been 
analyzed based on the multispectral digital 
classifications as well as on screen digitization of 
satellite/Google imageries. The results of the 
analysis are discussed below. 

3.1 GPS based collected data analysis As described 
in chapter 2.2.4 that in some cases the response of 
forest/plantation canopies and that of herb-shrub 
with scattered trees was similar in RapidEye 5m 
image and cannot be separated using digital 
classification techniques. This limitation was 
overcome by generating herb-shrub as a master 

      Figure 2: Integration of GPS, RS and GIS 
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layer (almost 67%) in ArcGIS environment and 
forest/plantation (around 6%) generating by on 
screen digitization from Google images based on 
field information using GPS. Pineapple, mango, 
rubber garden has also been  

extracted from by on screen digitization from  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Google 
images. In this case extensive field information has 
been collected from the field using GPS. Figure 4a 

and 4b shows the RapidEye images as well as 
photographs of herb-shrub and pineapple garden 
collected during field observation. Roads, streams, 
etc. have also been extracted from Google images 
using on screen digitization technique in 
ERDAS/ArcGIS environment. 

3.2 Analysis of AE sub-zones 

Bangladesh has been divided into 30 agro 
ecological zones and 88 sub- zones of which 3 sub-
zones belong to Khagrachhari Sadar Upazila. These 
are 29a (Mainly high hill range), 29b (Low hills and 
Piedmont Plains) and 29c (Low hills). Figure 5 
shows the AE sub-zones area. 

From table 3 is clearly seen that Jhum (shifting) 
cultivation activities concentrated more in high hill 
areas 29a (around 1485 ha) compare to medium 
and low land area. It has also planted in slope of 
hill. Contour map of figure 6 shows the slope of hill 
between 100 to 240 m. On the other hand Rice and 
Robi crops generally planted in low land areas 29c 
(around 910 ha). Table 3 and contour map of figure 
7 shows such areas. 

3.3 Contour Analysis 

 

 

 

 

 

 

 

 

 

 

 

 

It is clearly seen from the figure 6 that 
contour lines are divided into five classes. 
First two classes are belongs to gradual 

slope (<30) because pattern of contour 
lines shows wider between each other (far 
apart). Contour lines are between 161 to 
240 shows closer due to steep slope of 

Figure 5: Agro-Ecological Sub-zones 

 Figure 4b: Pineapple garden identified during field 

 Table 3: Statistics of Agricultural wrt AEZ 

Descripction of Agricultural AEZ (29a) AEZ (29b) AEZ (29c)

land use Area (ha) Area (ha) Area (ha)

Rice and Robi 449.85 389.90 910.66

Horticulture 158.20 72.10

Batel Vine 0.03 0.14 0.04

Jhum (shifting crop) 1485.58 83.06 35.77

Other crop 319.53 308.10 592.07

     Figure 4a: Herb-Shrub area collected during 

field  

                       observation 

   False Color Composite of RapidEye 

image 5m 
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hills (>50). Lines are form “V” pattern shows 
valleys. 

 3.4 Land Use Analysis. 

 

Land-use of herb-shrub plays a domination role of 

Khagrachhari upazila. It is clearly seen from the 
figure 7 and table 4 that herb-shrub occupied 
maximum around 17838 ha (67%), whereas dense 
forest area are depicted only 1716 ha (6%) of total 
area. Second highest land use agriculture area 
occupies about 2771 ha (10%) of total area and 
these area are belongs to low land and valley of 
hilly areas (figure 7). Shifting cultivation (Jhum) 
shows around 6% of total area and these areas are 
mainly concentrated in slope of high and medium 
hills (AE sub-zones 29b and 29c). Other land use 
contains brick-field, betel vine, and 
important/tourist places occupies only 28 ha 
(<1%). Number of brick-field was observed 11, 
betel vine garden 5 and important tourist places 
were 4. Rubber plantation land use occupies 
around 514 ha (2%) and settlement with 
homestead forest about 1415 ha (5%). Homestead 
forests are mostly concentrated in low land areas  

(AE sub-zone 29c). Horticulture land use areas are 
about 300 ha (1%). It contains Banana, Pineapple, 
Mango, etc. garden. These are concentrated in 
medium (AEZ-29b) and high hill (AEZ-29c). Water 

bodies are almost same as horticulture areas. It 
contains canal, creek, pond and river. River flows 

over AE sub-zones 29b and 29c (figure 5 & 7). Only 
one build-up area in this upazila and occupied 339 
ha area. It is belongs to agro-ecological sub-zone 
29c and piedmont plains of 29a. 

From bar diagram (figure 8), it is clearly seen that 
land use of herb-shrub with scattered trees shows 
height peak compare to others land use.  Bar 
diagram also shows Agriculture, Forest, Settlement 
with homestead forest and Jhum (shifting 
cultivation) are around 2000 ha. Rest of the land 
use less than 1000 ha.  

  Figure 6: Contour map of study upazila 

  Table 4: Statistics of GIS based Land use of study 

area 

 Figure 7: Present Land use (major) of study area 
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5. Conclusions and Recommendations 
The study shows that the RapidEye 5m resolution 
and Landsat multi-date and multi-spectral imagery 
in association with Google images are capable of 
high quality land-use maps.  

The land-use maps have been produced for 
Khagrachhari Upazila during the period 2015. The 
study reveals that the entire Khagrachhari Sadar 
upazila had been divided in details into 20 land use 
classes. Afterward, the thematic layers were 
clustered into 11 classes. The analyzed shows that 
the broad land-use feature identified is herb-shrub 
about 67%. On the other hand Forest/plantation 
around 6%, Agriculture land around 15% including 
Jhum (shifting cultivation) and rests of the land use 
are less than 2%. Field observation depicted that 
every year forest plantation is decreasing by 
deforestation and herb-shrub areas also deceasing 
due to shifting cultivation (Jhum). Settlement areas 
have also been increasing by increasing of 
population (Census 2011).    

For future development planning and developing 
land-use strategies and policies land use change 
detection map preparation are encouraged. The 
satellite technology offers the best and quickest 
means of preparing such land-use maps and 
monitoring the land-use dynamics. This study 
demonstrates the usefulness of multi-temporal 
and multi-spectral satellite imageries for country 
wise land-use mapping 
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