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Abstract

Dhaka is one of the most densely populated cities in the world. The purpose of the study is to analyze the
changes in Dhaka Metropolitan area’s (DMP) Land Use Land Cover (LULC) over the last 32 years by using
Geographical Information Systems (GIS) and Remote Sensing (RS). This information is essential for sustainable
urban planning, environmental management, infrastructure development, sustainability, climate action and
policy-making. A supervised classification of Dhaka metropolitan area's land use land cover using ArcGIS
software was conducted. According to the land use land cover finding, from 1992 to 2024, Dhaka metropolitan
area's built-up and bare lands have increased 20.60% and 0.70% respectively, resulting in a reduction of about
1.74% in the water body and 19.56% in the vegetation. The remotely detected land use land cover change shows
that Dhaka is gradually changing as vegetative cover and open spaces have been transformed into building areas,
low land and water bodies into reclaimed built-up lands. Most of the studies describe a general trend involving
agricultural and forested land being transformed into urban areas. According to the current study, this change in
land use pattern has a significant effect on the temperature of the city.
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1 Introduction

Bangladesh is the world's largest deltaic nation and is at risk from climate change (Tabassum et al., 2024).
Natural and human-induced environmental changes are a concern in urban areas today due to the degradation of
the environment and human health (Jat et al., 2008). It is very important to study changes in land use and land
cover (LULC) in order to plan and use natural resources properly and manage them well (Asselman &
Middelkoop, 1995). Traditional methods for collecting demographic data, conducting censuses, and analyzing
environmental samples are insufficient for complex environmental studies due to the frequent emergence of
multifaceted issues and the significant complexity involved in managing multidisciplinary datasets (Maktav et
al., 2005); thus, we require new technologies such as satellite remote sensing and Geographical Information
Systems (GIS). These technologies give us data that we can use to study and keep an eye on how natural
resources change over time so that we can manage the environment better (Berlanga-Robles & Ruiz-Luna,
2002). Present study area, Dhaka, witnessed rapid development during past decades in terms of urbanization,
industrialization, and also population increase substantially. The main objective of this paper is to detect and
analyze the land use land cover (LULC) pattern in Dhaka Metropolitan Area (Figure 1), from 1992 to 2024 using
satellite imagery and GIS.

Land Use Land Cover (LULC) map is used to understand the special information of an area, like the portion of
the water body, greenery or vegetation, bare land, etc. of that area according to classification. Different types
(classes) of special information are represented in different colors on the map to understand easily how that land
has been used.

2 Study Area Description

Dhaka is located in the central part of the country, along the banks of the Buriganga River. Dhaka Metropolitan
City is selected as the study area for this study. Geographically, it sits at approximately 23.8103° N latitude and
90.4125° E longitude. Situated in the low-lying Ganges Delta, Dhaka is part of the larger Dhaka Division and is
the most populous city in Bangladesh, with a population of over 20 million people in its metropolitan area. Its
strategic location makes it a hub for political, cultural, and economic activities, both within the country and in
South Asia as a whole. Due to an ever—increasing population, the country has experienced, and continues to
experience, a substantial reduction of existing natural surface (such as forest and agricultural lands), and an
associated expansion in urban land (Dewan et al., 2021). Old Dhaka, the city's oldest organic core, planned areas,
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and even unplanned, new-generation organic areas known as "Informal Settlements" are all included in the study

area (Ahmed & Ahmed, 2012).
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Figure 1. Study Area Map (Dhaka Metropolitan City).

3 Data and Methodology

The Landsat Satellite images used for this study are downloaded from the USGS Earth Explorer website. The
Administrative Boundary Map of Bangladesh was downloaded, and it was further processed in ArcGIS 10.8.1
software to extract the desired shapefile of the study area. Then, previously downloaded Landsat satellite
imagery, the extracted shapefile of the study area, and ArcGIS software of version 10.8.1 were used to develop
the land cover map of certain years and detect changes. For Land Use Land Cover (LULC) classification,
Landsat 5 & 8 images of bands 1-7 are used. Then graph and charts were plotted using the land cover data
achieved from the procedure. The maps and data were then used for further results and discussions. The entire
procedure can be summarized as a step-by-step procedure in the following flowchart shown in Figure 2.
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Figure 2. Flow diagram showing the Land Cover Classification.
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Land cover is divided into four groups for easier understanding and further investigation. Dhaka City
classifications include built-up regions, vegetation, waterbodies, and bare land. The land cover classes are
chosen few to avoid the merging of several classes of data and thus get a clearer observation of the land cover
change. The supervised image classification technique is used in this study for better results of the land cover
classes and to avoid merging of several classes which is a common occurrence for the unsupervised image
classification technique. Table 1 presents a quick overview of the LULC categories and descriptions of those

classes.

Table 1. Details of LULC classes for the land cover classification of Dhaka City

Land Cover Types Description
. Residential areas, Industrial areas, Commercial areas, Road networks,
Built-up Area . .
Other impervious covers
Waterbodies Small rivers, marshes, ponds, canals, streams and reservoirs
Vegetation Every type of vegetation, flora, herbs, bushes, and agricultural grounds
Empty agricultural lands, fallow lands, sand deposits, filling up of land
Bare land .
with sands, empty lands, open ground, playgrounds and char areas
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4 Results and Discussion
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Figure 3. Plot of built-up area change over the years.

As shown in Figure 3, it is clear that there is a significant increase in built-up regions. In 1992, the built-up area
was 57.78% of the total area whereas it increased by about 20.6% and reached to 78.38% of the total area in
2024. The change is thus very critical for the city environment and its inhabitants. The more built-up area means
the temperature will rise and the chances of environmental degradation rise to a peak.
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Figure 4. Trend of reduction of waterbodies over the years.

It is evident from Figure 4 that, waterbodies are decreasing day by day. The waterbodies decreased by about
1.74% from 1992 to 2024. This suggests a potential impact on water resources or changes in land use patterns
leading to the reduction of waterbodies. In 1992 the waterbodies were 3.87% of the entire study area but in 2024
it has fallen to 2.13% which indicates that in the future it will further decrease.
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Figure 7. Change in vegetation cover over the years.

The vegetation class represents all types of vegetation and croplands. As shown in Figure 7, the area of
vegetation is decreasing at an alarming rate from 1992. Vegetation decreased by about 19.56% from 1992 to
2024. In 1992 it was about 35.87% of the entire city area but now it is only 16.31% of the study area.
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Figure 8. Changes in

Bare land over the years.

From Figure 8, Bare lands increased about 0.70% from 1992 to 2024. Initially, in 1992 it as only 2.48% but in

2024 it rose to amount of 3.18%. The increase in bare lands signifies the conversion of natural landscapes into
barren area or empty land or filling up of land with sand.

The overall Land Use Land Cover (LULC) changes

can be visualized in the following figures of classified

images of 1992, 2007, 2014 & 2024 as in Figure 9. (a), (b), (c) & (d). The red color indicate the built-up area,

green color indicate the vegetation area, the blue color
bare land area in the map.
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Figure 9. LULC map over the years.

5 Conclusions

This paper focuses on LULC changes in Dhaka Metropolitan Area using remote sensing data and GIS
technology. Our results clearly show that LULC changes were significant during the period from 1992 to 2024.
There is significant expansion of built-up area noticed. On the other hand, there is decrease in vegetation and
waterbody. This study clearly indicates the significant impact of population and its development activities on
LULC change. The quantification of LULC changes of Dhaka is very useful for environmental management
groups, policymakers and for public to better understand the surrounding.
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