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aBstraCt. This paper analyzed land cover changes in Gazipur Sadar – an important urban 
fringe of expanding Dhaka City, Bangladesh, by leveraging remotely sensed imageries 
between 1973 and 2017. Landsat images of1973, 1991, 2006, and 2017 were classified 
using widely-preferred supervised classification method. Compared against ground-
truth data, the reported classification accuracy ranges from 85% to 89%. Our classified 
land cover maps reveal that built-up areas in Gazipur Sadar increased by 312.9%, mostly 
replacing vegetation cover. An overall 199.7% decrease of vegetative covers highlights on 
the degree of urbanization process and increasing population pressure faced by Gazipur 
Sadar over the past decades. The rapid decrease of vegetative cover only 57 sq. km remains 
out of 344 sq. km throughout the region, including the Sal (Shorea robusta) forest and 
other floral species – invaluable resources for biodiversity and ecosystem health, should 
be taken as ‘alarming’ situation by the local authority responsible for promoting and 
managing sustainable development goals. In that light, this study emphasizes on the need 
for a critical assessment of future development initiatives in the Gazipur Sadar area and 
suggests for maintaining acceptable tradeoffs between development and environmental 
protection.
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introduCtion

Man is leaving his mark on every part of 
the Earth surface and altering the physical 
attributes at a rapid rate with his activities 
(Lambin et al. 1999). The changing ecosystem 
has been a matter of concern in the global 

studies (Dixon et al. 1994; Ojima et al. 1994), 
as harmful human activities are constantly 
changing the natural land cover, which in 
turn, affect the carbon cycle and disturb the 
balance of carbon dioxide (CO2) in the atmo-
sphere (Alves and Skole 1996). In the devel-
oping countries, urban growth, coupled with 
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the industrial development and the transfor-
mation of agricultural land into built-up areas 
are some of the leading causes of vegetation 
loss (Shalaby and Tateishi 2007). Land cover 
is supposed to be the natural and manmade 
vegetation cover but at present, it includes 
human settlements, infrastructure, industries 
space without vegetation and water and 
other natural and anthropogenic features 
(Klimanova et al. 2017). Additionally, the rap-
id alteration of land cover have raised a huge 
number of issues such as the adverse effect 
on the relationship between biosphere and 
atmosphere, extinction of a diverse range 
of species and deteriorating soil condition 
(Meyer and Turner 1994). Conservation of the 
existing vegetation areas and regeneration 
of the lost vegetation cover is now essential 
for maintaining the ecological balance and 
improving the health of the environment (Xin 
et al. 2011). Conservation and regeneration 
initiatives require the accurate measurement 
and mapping of areas experiencing vegeta-
tion loss. Tropical regions are covered with 
large forest areas that contribute to the pro-
tection from climate change, by absorbing 
billions of tons of CO2,and can play an import-
ant role in reducing the environmental exter-
nalities due to the degradation of forest areas 
(Canadell et al. 2008).

Bangladesh is a developing country and 
accommodates a huge population with in 
a very small geographic area. The connec-
tion between population and environment 
was not well understood until recent times. 
At present, the strong inter-relationship be-
tween the population and the natural envi-
ronment is known to all. This issue came into 
attention especially after the RIO declaration 
in Brazil (1992) and 1994 Cairo conference on 
global population (World Bank 2017). Ban-
gladesh has 162,951,560 people living in an 
area of 147,570 km² and with a population 
growth rate of 1.1% (World Bank Data 2016). 
This huge population has different needs and 
consumption behavior, which create exces-
sive pressure on the environment. Require-
ments of food and housing facilities triggers 
deforestation (Rahman 1994). Moreover, rap-
id urbanization has caused a decrease in the 
forest area, agricultural land and water bodies 
(Giri et al. 1996). Many agricultural and veg-
etation covered areas are being transformed 

into built up and infrastructural constructs 
(Quasem 2011). Hasan et al suggested that 
the country has experienced a decrease of 
about 1.12 million ha of vegetation area, com-
prising agricultural and mangrove forest ar-
eas, from the year 1976 to 2010.However, the 
increase of non-agricultural land during this 
period was 1.22 million ha (Hasan et al. 2013). 
According to Food and Agriculture Organiza-
tion, the annual deforestation rate of Bangla-
desh is 0.2%, one of the high deforestation 
rates in the developing countries (Fao 2015).

Gazipur district is located at the Northern part 
of Dhaka city and is one of the nearest dis-
tricts from the capital city (Bangladesh Bureau 
of statistics 2011). In the past, the region was a 
part of a deep forest named as Vawal Pargana. 
The district has an area of 1806.36 sq. km with 
17.53 sq. km of wetlands and 273.42 sq. km 
of forest area. Around 34,03,912 people live in 
this district, having a density of 1884 people 
per sq. km and a population growth rate of 
5.2% (Bangladesh Bureau of Statistics 2011). 
The area is most suitable for agricultural work 
and the majority of the people are involved 
with agro-based economic activities. But with 
the increasing pressure of population and 
socioeconomic changes, the area can char-
acterized of having sharp urbanization and 
industrialization rates (Islam 2013).

Sal forest (also known as Madhupur forest) is 
an asset of Bangladesh, which spreads across 
Dhaka and Gazipur districts. Gazipur disctrict 
contains around 86% of the Sal forest of the 
country. Human activities like land overuse, 
deforestation, urbanization, agricultural and 
industrial activities are creating a threat for 
this forest. Gazipur Sadar Sub-district used to 
contain 20% of this forest but the forest area is 
decreasing gradually (Fazal et al. 2015). Gazi-
pur Sadar Sub-district is becoming the new 
industrial hub of the country due to its prox-
imity to the capital city and the enhanced 
transport facilities. However, this develop-
ment is having a negative impact on the for-
est area in this region. Industries are growing 
exponentially at the expense of forest land 
and are causing heavy pollutions with ad-
verse environmental consequences (Dong et 
al. 1997).
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As a developing country, the application of 
land use and other relevant geographic data 
is quite scarce in Bangladesh. For a develop-
ing country, remote sensing images can be 
the most reliable source of an updated land 
use or land cover data (Dong et al. 1997; Yang 
2002). Updated and accurate data can help in 
many ways to compare scenarios at different 
temporal scales (seasonal, monthly or annual-
ly) and can also help devising plans and poli-
cies for the future development (Alpha 2003). 
Therefore, this paper employed remote sens-
ing data for detecting the land cover change.

This paper aims to analyze the changing pat-
tern of vegetation cover in Gazipur Sadar Up-
azila. This analysis attempts to give a clear pic-
ture of the present day vegetation condition 
and to help understand the rate and cause of 
the changing patterns. 

studY area

Gazipur Sadar Sub-district is located between 
latitudes of 23°53’ and 24°11’ N and longi-
tudes from 90°20’ to 92°30’ E (Fig. 1). The total 
area is about 446.38 sq. km, consisting a total 
population of 866,540 and a population den-
sity of about 1,941 people per sq. km. Gazipur 
Sadar Sub-district is administratively made up 
of eight unions: Bashan, Baria, Gachha, Kasim-
pur, Kaultia, Konabari, Mirzapur, Pubail (Ban-
gladesh Bureau of Statistics 2011).

The Turag River flows past over the western 
part of the city and the Balu River flows along 
the eastern side. Other notable waterbodies 
are the Labandanga River, the Salda River, and 
the Tongi canal. The Sub-districtis surrounded 
by the Sreepur Sub-district in its north, Rup-
ganj Sub-district from south to east and Savar 
Sub-district from south to west.

Gazipur Sadar is a part of Madhupur tract, 
which is a terrace having Dhaka in the south 
and Jamalpur and Mymensingh districts 
in the north. The total area of the terrace is 
about 4,244 sq. km and is slightly elevated 
than the nearby floodplains, the area is also 
subjected to occasional tectonic activities 
(Brammer 1996). There is a similarity between 
Gazipur alluvium and Brahmaputra floodplain 
alluvium but the clay is called Madhupur clay. 
The area has slopes and low-level circular 
ridges in different places (Rashid, 2008).Huge 
range of soils can be found in this area such 
as the Red-Laterite soil and Pleistocene clay. 
(FAO, 1988)

The climatic condition of the Gazipur distric-
tis similar to a tropical climate. The area has 
a moderate temperature and rainfall of 25.8 
°C and 2036 mm respectively. The highest 
temperature can be recorded in the month 
of May and the lowest temperature can be 
recorded in the month of January.

fig. 1.  Geographic location of the study area
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data and MethodoLogY 

Remote sensing data can give a perfect 
image of land use change in different sec-
tions of the land (Klimanova et al. 2017).
This study used multi-temporal remotely 
sensed images from Landsat 5, 7, and 8, 
between the years 1973 and 2017. Last 40 
years have been very crucial for the forest 
land of Gazipur, as from 1989 to 2009 about 
20.29% forest area have decreased (Yesmin 
et al. 2014). We chose four years that can 
represent the past decadal variations of 
land cover in the area. The Landsat data-
base made for this research was construct-
ed by four sets of data, they are Landsat im-
ages from MSS (05 December 1973), Path/
Row: 147 / 043 for 1973, TM (26 November 
1991) for 1991, ETM+ (21 December 2006) 
for 2006 and OLI (07 December 2017) for 
2017. In the Landsat image selection pro-
cess, ‘less than 10% cloud’ cover was a cri-
terion for ensuring the accuracy of the clas-
sified images. Therefore, it was not possible 
to find the images of the same month for 
every year. In the Gazipur district, Novem-
ber to February is winter and less cloudy 
(Uddin and Gurung 2010). So, Landsat data 
were selected from November to February 
to minimize the seasonal and cloud cover 
influences on the acquired images.  ER-
DAS Imagine (Leica Geosystems 2006) and 
ArcGIS (ESRI 2005) are both very import-
ant tools for land cover assessments and 
hence, for this paper both of the software 
were used for data processing and analysis.
First of all, geometric correction was per-
formed as the data needed to be proper-
ly coordinated to adjust for the tectonic 
movements. For executing geometric cor-
rection, we selected a reference image of 
Landsat TM for the year 2017. 80 ground 
control points were taken at random that 
were scattered over the study area for ac-
quiring the perfect geometrically corrected 
image. The root means square error (RMSE) 
was very low from 0.25 to 0.45 pixel. All the 
data were resampled to 30 m pixel size, us-
ing the nearest neighbor method. The co-
ordinate system of the image was set as the 
Bangladesh Transverse Mercator system 
(BTM). Different sources are tested to iden-
tify correct training area and to perform the 
accuracy assessment.

Atmospheric correction was also per-
formed to reduce the atmospheric dust, 
solids, and liquids. Atmospheric correction 
was done following López-Serrano et al. 
(2016).

image classification

The classification of image is partly affected 
by the method of Anderson Scheme Level 
1. (Anderson et al. 1976). The image clas-
sification was based on broad categories 
of land cover and spatial resolution with a 
range of 30 m to 79 m. Classification was 
carried out based on the four broad land 
cover categories (shown in Table 1), vege-
tation cover, waterbody, built-up area and 
agricultural land.

A minimum of 70-80 samples were collect-
ed to train each of the classes and if the 
sample was big enough, about 200 to 400 
pixels were taken. Every land use category 
consisted of about 15-20 subclasses to get 
the perfect accuracy. The training classes 
underwent several stages like merging, de-
letion or renaming. A model is built from 
the training data, which is then run to ob-
tain the final classified image. Despite the 
caution taken while devising the model, 
errors could be found in the final output. 
Common errors of classification include 
the difficulties arising while distinguishing 
between the agricultural grasslands and 
healthy vegetation (Bolstad and Lillesand 
1991).

The land cover change for each of the 
classes was calculated using the following 
formula (Islam et al. 2017): 

Magnitude = magnitude of the new year - 
magnitude of the previous year

Percentage change of a particular class was 
calculated by dividing the change in area 
by the area in the base year (primary year), 
and multiplied by 100.
For calculating the rate of yearly change 
for every land cover class, the percentage 
change was divided by the number inter-
vening years. Calculated data are shown in 
Fig. 8.
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accuracy assessment

Mixed pixel or pixel with the same color 
always create a problem (Lu and Weng 
2005). The sample for this training site has 
been demarcated by area of interest or AOI 
which also gives local knowledge. For val-
idating the classified images with the real 
life features, different accuracy assessments 
were performed. To asses 1973, 1991 and 
2006 data, a total 120 pixels were devel-
oped through stratified random sampling 
method. These pixels were used to com-
pare with the features in a high-resolution 
topographic map of Gazipur district. For 
2017, the reference data collected from the 
field were used.  For this purpose, a total of 
90 ground data pointes were collected and 
used to calculate the classification accura-

cy. Then, the accuracy of each classification 
was evaluated in terms of the overall and 
producers-users accuracy as well as the 
kappa coefficient.

resuLts and disCussion

The pattern of land cover change during 
1973 to 2017 is shown in Fig. 2. During this 
period, Gazipur Sadar has shown a rapid 
land use change. The changes in vegeta-
tion cover are illustrated in Fig. 4, 5, 6 and 
7. In the year 1973, a noticeable amount of 
vegetation cover (145 sq. km) can be ob-
served in the northern part of the Sadar 
Sub-district, which comprised of 47% of 
the total land cover and extended along 
the eastern border of the area. This year 
was during the period after independence 

Table 1. Land cover classification scheme

Table 2. Summary of land cover classification data between 1973 and 2017 
(area in sq km)

Table 3. Classification accuracies in percent (Producers-Users accuracy)

Land use cover types Description

Water body River, permanent and temporary open water, reservoir.

Vegetation Sal forest , deciduous forest, mixed forest,bamboo 

Agricultural land Crop, open field, fallow land, mixed forest lands

Built-up Residential, commercial, industrial,road and streets

Land cover 
types

1973 
Area

1973   
(in %)

1991 
Area

1991  
(in %)

2006 
Area

2006   
(in %)

2017 
Area

2017  
(in %)

Vegetation 145.63 46.93 84.85 37.32 24.15 6.99 57.76 16.72

Built-up area 0.0948 0.02 13.17 3.83 133.79 38.74 137.79 39.91

Water bodies 37.59 10.88 58.21 16.85 1.62 0.47 36.83 10.66

Agricultural land 162.03 42.17 189.13 42 185.81 53.8 112.99 32.71

Land cover class
1973 

producer’s
1973 
user’s

1991 
producer’s

1991 
user’s

2006 
producer’s

2006 
user’s

2017 
producer’s

2017 
user’s

Water bodies 88.5 85.5 98 77 93.5 100 84.3 100

Built-up area 90.3 100 75.4 98.5 87.5 87.4 90.5 98.5

Vegetation 82 72.3 95.5 92.3 85.5 88.5 87.5 82.3

Agricultural land 74.4 76.5 89.5 83.5 85.3 92.5 82.3 73.5
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when the industrial growth of the country 
was slow. Gazipur Sadar at that time was a 
fully agrarian society (Lesser 1888). 

Fig. 2 shows that the agricultural land is 
covering the central part of the Gazipur 
Sadar sub-district and some patches of ag-
ricultural lands are visible in the northern 
part, inside the vast vegetation cover. The 
agricultural land covered an area of 162 sq. 
km in 1973, which was 42% of the total land 
cover. The waterbodies mainly covered the 
eastern and western borders of the area. 
After the independence of Bangladesh in 
1971, most of the settlements in the area 
were observed to be small and negligible 
(only 0.02% of the land cover). The chang-
es between 1973 and 1991 is quite evident 
as the amount of vegetation cover in the 
northwestern part had almost vanished 
completely (Fig. 5). It was the first sign of 
massive human activity in Gazipur. The 
northwestern part of the region has turned 
vegetation into agricultural land and thus, 
vegetation cover decreased from 47% to 
37%. The scattered vegetation that can be 
seen in midst of the agricultural land was 
mainly planted by the humans. Rapid de-
velopment leading to the uncontrolled 
expansion of the built up area has resulted 
in the filling up of rivers indifferent parts of 
the Turag and Balu river.
 

Fig. 2 shows that 38 % of the total areas 
was the built-up area in 2006. Scattered 
vegetation of the central part had been 
destroyed and infrastructure was devel-
oped in that area. The natural forest of the 
northeastern part was disturbed badly due 
to urban sprawl and other construction 
activities. Dhaka city would be expanding 
and developing towards the Gazipur and 
Narayangang (Dewan et al. 2009). Our re-
sults and findings support this prediction. 
A noticeable fact is that in the year 2006, a 
patch of the built-up area can be observed 
expanding from south to north in a linear 
pattern. This was actually the newly devel-
oped industrial territory in Gazipur Sadar. 
Fast-growing industries were the main 
reason behind the loss of agricultural land, 
wetlands, and vegetation in this area. The 
change was markedly rapid from 2004 to 
2010. Another interesting fact is that the 
parts of the Turag River and Balu River were 
significantly filled up and turned to tem-
porary agricultural land in 2006. By 2017, 
this newly developed agricultural land in 
2006was destroyed by the built-up area. 
The river flows and the vegetation beside 
these areas, which together had formed 
an ecosystem itself, was totally removed 
and replaced by settlements. In 2017, the 
Institution of Human Rights and Peace 
for Bangladesh filled a petition against 
these encroachments that comprised of 
about 30 illegal structures along the coast 
of Turag River. According to the lawyers, 

fig. 2.  Temporal comparison between the amount of vegetation coverage and other land 
cover classes
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government agencies had built pillars and 
walkways near the banks of the river and 
the land grabbers took this opportunity to 
grab the surrounding land and build illegal 
structures (The Daily Star 2017). 
 
In the late 1990s, the area started to de-
velop industrially and thus, instigating a 
rapid change that had mainly focused on 
the economic development and not on 
the health of the environment. With the ev-
er-increasing population, the built-up area 
began to rise. In Fig. 3, it is evident that the 
area covered by vegetation and waterbody 
classes have experienced a sharp declining 
pattern. According to Fig. 3, the amount 
of vegetation coverage was 145 sq. km in 
1973, which with a decreasing rate of 72% 
was reduced to 84 sq. km in 1991. Similarly, 
further vegetation clearing was observed 
with a 250% decrease rate in the next 15 
years, which reduced the figure to just 
24.15 sq. km by 2006. These rates show that 
the diminishing of vegetation coverage 
had proliferated throughout the years and 
also increased progressively over the pass-
ing years. 

People in this region had encroached ille-
gally when there was no fixed demarcation 
of the forests (Rahman, 2016). The national 
forest policy was adopted by the govern-
ment of Bangladesh in 1979 with an em-
phasis on forest protection. However, the 
policy had partially failed because of lack 
of prioritization on the participation of the 
local people. The present forest policy had 
been continuing from 1994, which is much 
broader and well-constructed than the 

previous one (Millat-e-Mustafa 2002). But 
the impact of this policy was evident after 
the year 2000.
 
At the same time, there was a Forestry 
sector project (1997-2004), which was im-
plemented with the concept of protected 
forest area, buffer zones and participatory 
tree plantation (Salam et al. 2004).  After the 
effective stage of vegetation conservation, 
it is evident that the vegetation coverage 
has increased by about 315% (Fig. 8) which 
resembles Salam’s work

Population explosion and the expansion of 
the built-up area can be identified as the 
two of the main reason behind the dimin-
ishing vegetation coverage. From 1973 to 
1991, lots of construction activities were 
carried out in the region, such as the gar-
ments industries. Built up area increased 
from 0.02 to 13 sq. km that was a drastic 
change but as mentioned earlier, there was 
no observable pattern in settlement and 
built up area. The houses of dwellers were 
scattered all over the region. Moreover, 
there was no strong base or foundation of 
these types of houses. These were mainly 
temporary Jhupri (shack) type of settlement 
structures. In 2006, the amount of built-up 
area had remained same (133 sq. km) as the 
rate of development or the growth of built-
up area gets stability with stable popula-
tion increase. In the succeeding years, the 
amount of built up area rose to 137 sq.km, 
which reiterate the fact that over the past 
11 years the built-up area had reached a 
stable condition or is close to reaching the 
peak of its growth. During the initial stage, 

fig. 3.  Land cover in Gazipur Sadar
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fig. 4.  Land cover map of Gazipur Sadar, 1973
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fig. 5.  Land cover map of Gazipur Sadar, 1991
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fig. 6.  Land cover map of Gazipur Sadar, 2006
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fig. 7.  Land cover map of Gazipur Sadar, 2017
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the increase of the agricultural land was a 
major reason behind the clearing of natural 
vegetation. This was because the region’s 
economy was totally dependent on agri-
culture and therefore, a growth from 162 
sq. km to 189sq. km in the agricultural land 
can be observed from 1973 to 1991. 

However, with the gradual development 
of industries in Gazipur, the city has now 
become an important industrial hub of 
Bangladesh. BSIC (Bangladesh Small and 
Cottage Industries Corporation) area was 
developed that further promoted indus-
trialization along the coast of the Turag 
River (Sultana et al. 2012). After the devel-
opment of the industries, the agricultural 
growth had slowed down in the year 2006. 
The agricultural land comprised of 185sq 
km and was drastically reduced to 72 sq. 
km by 2017. Another reason for this drastic 
change is that the lands previously used for 
agriculture are now being used for fish cul-
tivation, which is presently a very popular 
practice in this area. Adopting the concept 
of integrated farming, many farmers are 
using the agricultural lands for fish farming 
and are even destroying the vegetation 
coverage for the same purpose. Although, 
it is a profitable initiative for the economy 
of the region, sometimes poor mainte-
nance poses a challenge for environmental 
sustainability (Ferdous et al. 2001).

ConCLusion

This paper analyzed the changes in land 
cover in Gazipur Sadar Sub-district using 
Landsat data between 1973 and 2017. 

While historically Gazipur district has been 
well-known for its rich forest resources, 
significant LULC changes are taking places 
due to the rapid urbanization over the past 
few decades. The present trend in LULC 
change indicates the negative impact of 
human activities on the vegetation cov-
erage. Over the past 44 years, vegetation 
coverage had diminished by 199.7% - an 
alarming issue for the environment of the 
area. Industrial pollution, growth of built-
up areas, encroachment of rivers and wa-
terbodies along with the exploitation of 
existing resources are having devastating 
consequences to the vegetation coverage. 
Considering the present condition, conser-
vation of vegetation coverage is necessary 
and should be one of the key prioritizing 
issues. Rules and regulations must be strict-
ly followed prior to the establishment of 
settlements or industrial projects. Imple-
mentation of existing policies pertaining 
to the reservation of forest is essential and 
appropriate policies for the conservation 
vegetation coverage and valuable land 
must be introduced by the concerned au-
thorities. Moreover, it is the dweller’s duty 
to maintain the natural environment and 
the intricate balance between econom-
ic growth and environmental health, for 
ensuring a sustainable development in 
the region. For this reason, participatory 
programs with a bottom up approach are 
highly recommended. The management 
of vegetation coverage and the efficacy of 
any conservation initiatives will depend on 
the overall role-play of the general people. 
More research and the collection of ade-
quate data will help build the conscious-

fig. 8. Relative changes in land cover (%) in Gazipur Sadar
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ness of the public. Remote sensing data aid 
in acquiring reliable images of the study 
area that can be used for further analysis, 
especially when there is a limited access 
to data or maps. Careful analysis can help 
maintaining the accuracies of classifica-
tions to over 85%. Hence, satellite images 
can be an effective data source for environ-
mental analysis.
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