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Monitoring changes in land use and land cover (LULC) is essential for determining the state 
of  the environment. This study is an attempt to assessing changes in LULC patterns and 
forest cover at northern region (Dinajpur district) of  Bangladesh for the periods 1989–1999, 
1999–2010, 2010–2020 and 1989-2020. Landsat satellite images were applied and supervised 
classification was done. There is a noticeable change found in LULC classes (Built-up, crop/
fallow, forest, homestead and water). The built-up and homestead increased by 210.36% 
and 134.71%; whereas the crop/fallow, forest, and water decreased by 12.27%, 74.99% and 
39.77%, respectively between 1989 to 2020. Forest was narrowed as majority of  forest land 
transferred to homestead (8089.02ha) and crop/fallow (5965.74ha) land in last three decades 
(1989-2020). The findings of  the study help in important policy implications for the sustain-
able LULC management in Dinajpur region of  Bangladesh.
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INTRODUCTION
Changes in land use and land cover are regarded as 
some of  the most significant environmental problems 
facing the world today (Guan et al., 2011). Such changes 
are typically caused by human activity (for example, 
deforestation, urbanization, agricultural intensification, 
overgrazing, and subsequent land degradation), although 
natural forces can also play a role (Lambin, 1997). These 
anthropogenic changes may have a negative impact on 
the food security, with major social economic impacts 
for the region (Turner et al., 2007). Besides it also 
affects from local to global environment (Minale, 2013; 
Meshesha et al., 2016) with consequences for ecosystem 
functioning and ecosystem services (Meyer and Turner 
1994). Although the resulting changes in land cover are 
crucial for development (Dhinwa et al., 1992), planning 
and administration are thus required prior to any earth 
surface development (Nations, 1992). 
LULC alterations may have had substantial influences on 
forest landscapes as well (Chen et al., 2001). Deforestation, 
reforestation, afforestation, abandoning agricultural 
areas, urban sprawl, and conversion of  wooded lands into 
cropland and grazing are all examples of  LULC changes 
(Kilic et al., 2004). For ecological, social, and economic 
reasons, forest ecosystems are crucial like regulation of  
greenhouse gas emissions, control of  water resources, 
preservation of  soil, cycling of  nutrients, and diversity of  
species and genetics (Rao and Pant 2001). 
Biodiversity loss is mostly caused by changes in forest 
cover (Armsworth et al., 2004; Kilic et al., 2004). In the 
course of  time, the use of  GIS and remote sensing 
technology has increased the significance of  LULC change 
evaluation (Reid et al., 2000). It facilitates in obtaining 
precise and timely data on land use patterns (Arveti et 

al., 2016) and landscape transformations throughout 
the surface of  the Earth (Estoque & Murayama, 2015). 
Remote sensing is the process of  gathering information 
about certain ground-based objects without physically 
approaching them (Rajendran et al., 2020). GIS is a 
concept that divides the spatial area and assembles 
layers of  data into representations using guides and 3D 
scenes (Niu et al., 2020). Satellite images like Landsat 
images namely MSS, TM and ETM+ are used for LULC 
change detection in everywhere in the world (Akbari et 
al., 2006; Hereher, 2011; Baby, 2015; Chandrashekar et al., 
2018). When compared to point data gathered by in-situ 
survey devices, Landsat images with adequate spectral 
characteristics offer superior information on LULC 
changes (USGS, 2004; Kawakubo et al., 2011). 
The assessment of  land use and cover change has drawn 
the scientific and research community’s attention as the 
world’s population increases (Qian et al., 2007). Otherwise, 
it is crucial to evaluate how land use and cover have 
changed in order to understand the relationship between 
humans and nature. Monitoring the changes in land use 
and land cover (LULC) from the past to the present has 
become easier because to the collaboration of  remote 
sensing technologies and GIS tools (Chughtai et al., 2021). 
The supply of  resources including land, forests, and water 
is drastically decreasing in developing nations. However, 
data on the pace of  decline is frequently insufficient 
(FAO, 2009). 
Moreover, there seems to be a gap between the knowledge 
that is provided and the national decision-making process 
and logical planning. So, the current research objective 
was to monitor how the land use land cover have been 
changed over time using remote sensing and GIS 
technology. Concurrent with this aim is to identify and 
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quantify the major LULC classes, to detect changes using 
land conversion matrix.

METHODOLOGY
Study Area
Dinajpur district encompasses between 25°10′ and 26°04′ 
north latitudes and 88°23′ and 89°18′ east longitudes 
which covers 3437.98 square kilometer area of  13 
upazilas. Irregular elevated Barind tract is found here 
and major rivers are the Dhepa, the Punarbhava, and the 
Atrai (Rana et al., 2022). There are two distinct seasons 
in the Northwestern region’s: a wet season from June to 
October and a dry season from November to March. The 

annual average rainfall is between 1500 and 3000 mm, 
with a regional average of  roughly 1583 mm (Murad & 
Islam, 2011). Due to its subtropical location, Bangladesh’s 
northwestern area experiences more extreme temperature 
changes. Maximum temperatures can reach as low as 25°C 
in January and as high as 38°C in April/May. August’s 
lowest temperature is 20°C, while January’s minimum 
ranges from 10 to 20°C (Islam & Miah, 1981). Due to the 
intense monsoon weather and diverse soil types, there is 
a wide range of  vegetation, from grassland to deciduous, 
mixed, and evergreen. The dominant crop in this area is 
rice (Reiman, 1993). Figure 1 represents the study area 
map of  Dinajpur district of  Bangladesh.

Figure 1:  Study area map of Maulvibazar district of Bangladesh.

Collection, processing and classification of  satellite 
images
By ordering ESPA (EROS Science Processing 
Architecture), a total of  eight Landsat satellite imageries 
(1989, 1999, 2010, and 2020) according to specific 
paths and rows were obtained from Earth Explorer 
(earthexplorer.usgs.gov) for the evaluation of  land use 
and land cover change of  Dinajpur over a 31-year period. 

As the image of  Dinajpur district fall under different 
path and row the two images of  same year were mosaic 
through using Q GIS. Table 1 summarizes the Landsat 
data employed in the study. The images were prepared 
through Arc GIS and Q GIS. Then cross tabulation 
matrix of  images between different year (1989-1999, 
1999-2010, 2010-2020 and 1989-2020) was done. 
Remote sensing data classification is a difficult process 

Table 1:  Characteristics of  Satellite Images
Sensor Path/Row Image acquisition date Resolution
Landsat 4-5 TM 138/42 13-Dec-89 30m
Landsat 4-5 TM 139/42 04-Dec-89 30m
Landsat 4-5 TM 138/42 23-Nov-99 30m
Landsat 4-5 TM 139/42 23-Dec-99 30m
Landsat 4-5 TM 138/42 14-Dec-10 30m
Landsat 4-5 TM 139/42 16-Dec-10 30m
Landsat 8 OLI 138/42 02-Dec-20 30m
Landsat 8 OLI 139/42 25-Dec-20 30m

for monitoring LULC change with proper classification, 
suitable quantity of  training sample, accuracy assessment 

by recognizing differences in the state of  a pixel or 
phenomenon (Lu & Weng, 2007; Viana et al., 2019). 
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Table 2: Land use land cover classification scheme
Land use/cover 
types

Description

Built-up Industrial, residential, 
transportation, commercial 

Crop/Fallow Crop land, fallow lands, grass land
Homestead The home surrounded by tree, 

pond/crop
Forest Mainly sal forest 
Water River, streams, lakes, pond, River

The  LULC classification and mapping process includes 
the post classification accuracy assessment, which is 
used to evaluate the accuracy of  the classified maps 
(Manandhar, et al., 2009). The accuracy of  a classified map 
should not be less than 80% for accurate interpretability 
and classification (Anderson et al., 1976). In Dinajpur, 
for the years 1989, 1999, 2010 and 2020, the overall 
classification accuracy was 91%, 92%, 90% and 87%, 
and overall kappa statistics were 0.96, 0.94, 0.91 and 0.89, 
respectively. Table 3 represents the value and accuracy 
of  kappa statistic. The accuracy of  classification was 
acceptable.

Table 3: Value and accuracy of  kappa statistic
Kappa statistic Accuracy
<0 Less than Chance Agreement
0.01-0.20 Slight Agreement
0.21-0.40 Fair Agreement
0.41-0.60 Moderate Agreement
0.61-0.80 Substantial Agreement
0.81-0.99 Almost Perfect Agreement

Source: Viera and Garrett (2005)

RESULTS 
Land use land cover (LULC) map in Dinajpur
The LULC map was created to properly identify and 
adjust different classes in the research area. There were 

Figure 2: LULC map Dinajpur during 1989, 1999, 2010 and 2020.

For the time series analysis of  long-term classification, 
atmospherically corrected surface reflectance (SR) 
imageries are essential. In Q GIS multiband/layer 
stacking was done. All of  the multiband images were 
visualized using false color composite. In case of  Landsat 
4-7 TM imagery, RGB 4, 3, 2 and for Landsat 8 OLI 
imagery RGB 5, 4, 3 composites were used, respectively, 
to create false color. Dinajpur district has been chosen as 
an Area of  Interest (AOI) and a shape file was generated 
in Arc GIS, clipped in Q GIS. Accurate training inputs 
from composite images using Q GIS software were also 
generated. Cross-matching was done with spectral images 
through high-resolution Google Earth maps.  Finally, 
the image classification was done through R statistics 
package. The classes of  LULC were divided into five 
groups described in Table 2.

five LULC classes in the study area: built-up, crop/fallow, 
forest, homestead, and water. Figure 2 illustrates the 
classified LULC map for the study area.

Overall LULCC in last three decades 
LULCC is a substantial contributor to planetary change 

and has a profound effect on ecosystem. Based on the 
supervised classification approach it is evident that 
forest areas have diminished remarkably over the study 
area during the study period. In terms of  percentages, 
forest areas stand for 16125.66 ha (4.66%), 10119.33 ha 
(2.92%), 4255.92 ha (1.23%), and 4032.54 ha (1.16%) of  
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the study area, respectively, during the years 1989, 1999, 
2010, and 2020 and it was a decreasing trend. The crop/
fallow areas were found to be 286025.4 ha (82.71%), 
267968.61 ha (77.49%), 2529286.31 ha (74.98%), and 
250921 ha (72.56%), respectively, during the years 1989, 
1999, 2010, and 2020. The crop/fallow area has also 
decreased considerably from 1989 to 2020. The water 

Figure 3: Land use land cover change in Dinajpur from1989 to 2020.

be 1943.28 ha, 2989.17 ha, 3541.77 ha, and 6031.26 ha, 
respectively (Figure 3). 

Assessment of  LULC change matrix from 1989 to 
1999
The conversion of  various land use types is known as 
land use and land cover change (LULCC), and it is 
the outcome of  intricate interactions between people 
and the natural world. Among the different land cover 
classes, the persistent area of  built-up, crop/fallow, 
forest, homestead and water were 143.28 ha, 236520.45 

ha, 2340.72 ha, 12671.55 ha and 1906.83 ha, respectively 
from 1989 to 1999. Forest was shrunk due to maximum 
forest land was converted to crop/fallow (7655.31 ha) 
and homestead (5596.56 ha). On the other hand, crop 
fallow was decreased by converting maximum 41101.83 
ha of  homestead. Built-up increased as most of  the crop/
fallow (1916.37 ha) transferred to built-up followed by 
homestead, water and forest. In case of  water, maximum 
water area converted to crop/fallow (3620.34 ha) (Figure 
4). In this decade crop/fallow, forest and water area were 
decreased by 6.31%, 37.25% and 50.78%, respectively. 

Figure 4: Sankey diagram showing Land use and land cover change matrix of  Dinajpur from 1989 to 1999.

bodies have reduced significantly over the study area 
from 1989 to 2020 although it was increased from 2010 
to 2020. The area covering water bodies are 7487.37 ha, 
3684.87 ha, 2780.01 ha, and 4509.54 ha, respectively, 
for the same time period. Otherwise, built-up area has 
increased gradually from 1989 to 2020. During the years 
1989, 1999, 2010, and 2020, built-up areas were found to 

Homestead and built-up increased by 53.82% and 
78.39%, respectively (Table 4). 3.4 Assessment of  LULC 
change matrix from 1999 to 2010
From the year 1999 to 2010, homestead and built-

up increased by 24.41% and 18.48%, respectively. In 
the mean while forest and water area were decreased 
by 57.94% and 24.55%, respectively (Table 4). Crop/
fallow was decreased from 267968.61 ha to 259286.31 
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ha. Maximum area of  crop/fallow was converted to 
homestead (40182.48 ha) whereas the persistent area of  
crop/fallow was 223565.49 ha. The rate of  decrease of  
crop/fallow per year was 789.3 ha.  

Figure 5: Sankey diagram showing Land use and land cover change matrix of  Dinajpur from 1999 to 2010.

Assessment of  LULC change matrix from 2010 to 
2020
Between 2010 and 2020, built-up, homestead and water 
were increased by 70.28%, 5.75% and 62.21%, whereas 
crop/fallow and forest were decreased by 3.22% and 
5.24%, respectively (Table 4). Around 2044.26 ha of  

forest land transferred to homestead and 917.64 ha of  
forest land transferred to crop/fallow. Besides, majority 
of  crop/fallow land (36781.56 ha) was transferred to 
homestead. Furthermore, built-up was increased by 
converting maximum area of  crop/fallow and (3176.01 
ha) and homestead (2013.57 ha) to Built-up. In the 

Figure 6: Sankey diagram showing Land use and land cover change matrix of  Dinajpur from 2010 to 2020.

In case of  forest, maximum area of  forest transferred 
to homestead (4493.07 ha) and crop/fallow (3474.72 
ha) followed by others classes and the persistent area of  
forest was 1907.55 ha (Figure 5). 

meanwhile, homestead was increased by 436.95 ha 
per year. The persistent area of  built-up, crop/fallow, 
forest, homestead and water were 619.29 ha, 215777.79 
ha, 1166.94 ha, 39900.6 ha and 1703.7 ha, respectively 
(Figure 6).

Assessment of  LULC change matrix from 1989 to 
2020
Forest area has decreased drastically around 74.99% from 
1989 to 2020 (Table 4) due to vast homestead (8089.02ha) 
and crop/fallow (5965.74 ha) expansion. Within this time 
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period, only 2105.01 ha has been added as forest area from 
crop/fallow. The overall rate of  reduction of  forest was 
390.10 ha per year (Figure 7). There has been a noticeable 
change in crop/fallow areas over the study area that it was 
decreased by 12.27% (Table 4) while majority of  crop/
fallow converted to homestead (52322.76 ha) (Figure 7). 

Figure 7: Shankey diagram showing Land use and land cover change matrix of  Dinajpur from 1989 to 2020.

Table 4: Relative changes in land use and land cover in Dinajpur

LULC Class
Change (%)
1989 -1999 1999-2010 2010-2020 1989-2020

Built-up 53.82 18.49 70.29 210.36
Crop/fallow -6.31 -3.24 -3.23 -12.27
Forest -37.25 -57.94 -5.25 -74.99
Homestead 78.39 24.41 5.75 134.71
Water -50.79 -24.56 62.21 -39.77

area indicates the growth rate has become more than 
double in recent years. Hence, such an unplanned built-
up and homestead trend will pose a significant threat to 
the environment and living conditions of  the study area. 

DISCUSSION
This study aimed to monitor long-term changes in LULC 
in northern region (Dinajpur district) of  Bangladesh. 
Satellite images were properly used to obtain the objectives. 
LULC was changed significantly having extreme loss of  
forest cover. The built-up area of  the Dinajpur region has 
expanded over time. Population increase was a primary 
driver of  built-up expansion. As a result of  urban growth, 
several locations in Bangladesh have seen considerable 
declines in wetlands, cultivated land, vegetation, and water 
bodies (Dewan and Yamaguchi, 2009). A lot of  factors 
contribute to the built-up expansion and massive flow of  
urban migration, including rapid and unplanned urban 

movement, the concentration of  better employment 
in city areas, and biased placement of  municipal 
infrastructure. Contemporary development of  built up 
impacting the ecology, environment, and biodiversity in 
the surrounding region (Al Rakib et al., 2020; Chakroborty 
et al., 2020; Rahman et al., 2018). Crop/fallow land may 
be termed as agricultural land was shrinking in the study 
area year after year. Maximum crop/fallow land was 
transformed to the homestead. The agricultural land in 
Bangladesh is reducing at 69,000 hectares per annum as a 
result of  increasing industry, unplanned urbanization, and 
an increase in in rural communities. (Khan, 2020). The 
rapid conversion of  agricultural land to non-agricultural 
uses threatens crop production and food security in 
the country (PC, 2009). According to studies, the rate 
of  conversion of  agricultural lands to non-agricultural 
uses is comparatively faster in the twenty-first century 
due to high economic expansion and infrastructural 

The total loss of  water body from 1990 to 2020 is 2977.83 
ha which accounts for a reduction of  about 39.77% over 
the period (Table 4). The growth of  homestead area 
between 1989 to 2020 was about 1486.6 ha/year and the 
persistent area of  homestead was 16506.9 (Figure 7). 
The rate of  expansion of  homestead area over the study 
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development (Hasan et al. 2013). The loss of  agricultural 
land has resulted in the degradation of  biodiversity and 
ecosystem services also (Kafy, et al., 2021). Homesteads 
in the Dinajpur region expanded fast, with 26.41 million 
families in Bangladesh utilizing 0.748 million hectares of  
land (Mannan, 2013). 
Forest land in Dinajpur was rapidly declining. The findings 
are consistent with Bangladesh having one of  the highest 
rates of  deforestation in South Asia, at 2600 hectares per 
year (Mac Dicken, 2015; Poffen berger, 2000) and this 
forest loss related impacts on ecosystem health (Halkos 
and Zisiadou, 2018). Deforestation and other disturbances 
cause the world’s forests to release an average of  8.1 billion 
metric tonnes of  carbon dioxide into the atmosphere each 
year. Southeast Asian forests have collectively become a 
net source of  carbon emissions during the last 20 years 
as a result of  deforestation for plantations, uncontrolled 
fires, and peat soil drainage (Nancy and colleagues, 
2021). Biophysical and socioeconomic factors contribute 
to the conversion of  forest to agricultural land and the 
conversion of  agricultural land to forest in both Southeast 
Asia and South Asia (Xu et al., 2019). According to The 
International Union for Conservation of  Nature (IUCN, 
2005), the primary accelerator of  forest decline is human 
activities. Wasige et al. (2015) identified that the forest 
clearing occurring every year is mainly due to agriculture. 
According to Abdullah et al. (2019), forest in Gazipur 
region of  Bangladesh have decreased by 62.67 percent. 
In Bangladesh, naturally regenerating forest was 1845000 
ha during 1990 to 2000, but it reduced to 1816000 ha in 
2010, again reduced to 1725000 ha between 2015-2020 
(FRA 2020) is a major threat for future.  

CONCLUSION
LULC change trends can be assessed and mapped to 
serve as a foundation for long term planning, monitoring, 
and protective actions. Besides, in order to manage and 
grow forest ecosystems sustainably, it is crucial to keep 
track of  changes in forest cover and understand how it 
changes over time. Very high-resolution multispectral 
satellite images, however, may provide more information 
about changes in the region. The LULC change patterns 
were found to differ significantly between the Landsat 
data for the years 1989, 1999, 2010, and 2020 after LULC 
analyses. Built-up and homestead increased every decade 
from 1989 to 2020. On the other hand, crop/fallow and 
forest was narrowed down day by day. Forest land was 
mainly shrinking for maximum transformation of  land 
to homestead and crop/fallow land. So, Stopping the 
growth of  built- up and homestead areas that transform 
agricultural land and forest are all a part of  a broader 
strategy to save this significant geographic and delicate 
environment. This research was conducted in small scale, 
but it should be done in broader aspect and also to predict 
the future land use, method like CA-Markov chain can be 
applied. Thus, the study of  planetary land use patterns is 
critical for dealing with global climate change, achieving 
sustainable development and proper planning of  natural 

resources in future.
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